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Abstract

To reduce the number of injections needed to comply with paediatric vaccination requirements, a liquid, hexavalent vaccine (DTaP-IPV-
PRP-T-HBs; Hexavét; Aventis Pasteur MSD) has been developed for primary and booster vaccination of infants and toddlers. In extensive
clinical studies, Hexav&thas been shown to be highly immunogenic. Seroconversion or seroprotective titres of antibodies against all
antigens were achieved in the majority of infants following a primary series of three doses administered at 1-2-month intervals from 2
months of age. Hexav&calso induced immunologic memory, as evidenced by the anamnestic response to booster vaccination at 12—18
months of age. These responses were comparable with those seen following concomitant administration oféntEarReIPV//PRP-T)
and monovalent hepatitis B vaccine (H-B-Vah), and were also within the ranges observed for other relevant licensed vaccines. Clinical
studies comparing the immunogenicity of HexdbVamiministered at either 2, 3 and 4 months or 2, 4 and 6 months demonstrated that it
can be used by either vaccination schedule. A further study also supported the use of primary doses oPlde8amad 5 months with a
booster at 12 months of age. Hexabatemonstrated a good reactogenicity and tolerability profile. The most frequently reported adverse
events after both primary and booster doses were local reactions of redness and swelling/induration and a systemic response of mild fever,
irrespective of the vaccine used for priming. Hex&acovided immunity against six important childhood diseases with a single injection
at each visit.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction phosphate (PRP)-conjugate vaccines in a number of coun-
tries. Overall, it has been estimated that, across Europe,
Increasing knowledge and understanding of infectious dis- current vaccination activity prevents approximately 10,000
eases and the availability of highly effective vaccines have cases of invasive Hib disease per yg&t].
led to a growing number of vaccines being recommended Vaccination against hepatitis B was added to the EPI in
for use in infants. In some countries, at least 13 separate1992. As infants and children are at highest risk of develop-
vaccinations are needed to vaccinate a child from birth to ing chronic HBV infection, the WHO proposed a strategy of
6 years, and during some clinic visits, three or four sep- global universal infant immunizatiofi2]. To improve the
arate injections can be indicatdd]. Cost, convenience, uptake of universal hepatitis B vaccination, the WHO recom-
and compliance have contributed to the use of combination mends administering the vaccine at the same time as other
vaccines over monovalent vaccines. The use of combina-common childhood vaccines, such as DTP and H8].
tion vaccines reduces the discomfort associated with mul- It has previously been shown that simultaneous ad-
tiple injections, simplifies vaccination calendars and may ministration of a pentavalent vaccine against diphtheria,
enhance compliance. It can also increase the opportunities tdetanus, pertussis, poliomyelitis and Hib (DTaP—-IPV/-Hib;
vaccinate hard-to-reach patients or populations or frequentPentavat™; Aventis Pasteur MSD) and a monovalent
non-attenders, and ensure that adequate population coverrecombinant hepatitis B vaccine (H-B-VAxII; Aventis
age is maintained against diseases that may be perceived bjasteur MSD) at separate sites for primary immunization
some patients (or parents) to be unimport@ht A further of infants at 2, 3 and 4 months of age was generally well
benefit of combination vaccines is that they can facilitate the tolerated and produced good immune responses to all anti-
introduction of new vaccines into an already crowded cal- gens[14]. On this basis, a liquid, hexavalent combination
endar(3]. This becomes especially important with the intro- vaccine (DTaP-IPV-Hib-HBs; Hexav8c Aventis Pas-
duction of new vaccines to prevent invasive pneumococcal teur MSD) has been developed, which allows vaccination
or meningococcal disease. against diphtheria, tetanus, pertussis, poliomyelitis, Hib and
As part of its expanded program in immunization (EPI), hepatitis B by single injection at each visit. Here we review
the World Health Organization (WHO) recommendations the available data on the immunogenicity and safety profile
include universal childhood vaccination against diphtheria, of Hexava® in comparison with the relevant previously
tetanus, pertussis, poliomyelitis and hepatitis B, while vac- licensed vaccines.
cination againstiaemophilusinfluenzae type b (Hib) should
be included as appropriate to national capacities and pri-
orities. The development of a multivalent vaccine capable 2. Pharmaceutical profile
of protecting against these six major diseases has been an
evolutionary process, which started in the 1950s when diph- Hexava® contains adjuvant-adsorbed, purified diphthe-
theria (D) and tetanus (T) toxoids were first combined with ria (201U per dose), tetanus(40IU per dose) and pertussis
inactivated whole-cell pertussis (wP) vaccine.Concerns re- toxoids (25.g per dose), adsorbed, purified FHA (28§
garding the reactogenicity of wP prompted the development per dose) and hepatitis B surface antigen (HBgg5Sper
of the acellular pertussis (aP) vaccines, composed of pertus-dose)), IPV types 1 (40 D units per dose), 2 (8 D per dose)
sis toxin (PT) and typically one or more additional antigens, and 3 (32D per dose), and Hib polysaccharide conjugated
such as filamentous hemagglutinin (FHA), pertactin and/or to tetanus protein (PRP-T, 12 per dose). Each dose of
fimbriae, purified fromBordetella pertussis [4]. A number Hexava® also contains aluminium adjuvant and a phos-
of studies have demonstrated the superior safety and tol-phate buffered saline solution. No preservative is included in

erability profile of these vaccines compared with WE5] the formulation, conforming to recommendations from the
along with comparable immunogenicifg] and effective- European Agency for the Evaluation of Medicinal Products
ness[4,7-9] for infant vaccineg15].

More recently, to further facilitate paediatric vaccination In the final formulation, the diphtheria and tetanus toxoids
programmes, combination vaccines have been introduced inare prepared from the corresponding toxins by formalde-
which inactivated poliovirus (IPV) and/or Hib and hepatitis hyde detoxification followed by purification. The acellular
B antigens are added to the core DTwWP or DTaP combi- pertussis components are extracted frBmpertussis and
nation. Although the eradication of poliomyelitis from the separately purified. PT is detoxified with glutaraldehyde,
Western world, and its global decline, is a result of the suc- while FHA is included in its native form. To obtain the IPV
cessful use of oral polio vaccine (OPV) in most parts of the vaccine, the three poliovirus types are propagated on Vero
world [10], the potential risk of vaccine-associated paralytic cells, then purified by chromatography and inactivated by
poliomyelitis (VAPP) with OPV, has led many countries to formaldehyde. The purified polysaccharide tf influen-
switch to using IPV for routine immunization. zae type b is conjugated to tetanus protein. The content

One of the most striking successes of vaccination in re- of PRP-T was increased by 20% compared with the con-
cent years has been the near disappearance of Hib distent of the monovalent vaccine, Act-Hib to result in a sim-
ease following the introduction of the polyribosyl ribitol ilar concentration of unadsorbed PRP-T in Hex&jaas



E. Mallet et al./Vaccine 22 (2004) 1343-1357 1345

approximately 20% of the antigen is adsorbed to aluminium study C also assessed the immunogenicity of the PRP-T
during the formulation process. Finally, the HBsAg is puri- component 1 month after the primary series and after the
fied from cultures of a recombinant strainSefccharomyces booster vaccination, respectively, in a subset of infants. A
cerevisiae. further three studies investigated the immunogenicity and
safety of Hexava® for booster vaccination in infants primed
with either DTwP—IPV-Hib (Pentac8g Aventis Pasteur
3. Clinical profile of Hexavac® MSD) plus H-B-Va® Il (Studies F and G) or Pentavd¢
plus H-B-Vax® Il (Study H). In addition to the phase IlI
The clinical study program was designed to show that Program, the immunogenicity and safety of Hexdba- .
Hexava® provided protective immune responses that were ministered according to the 3-5/12 month schedule used in
not inferior to those of two reference vaccines, Pentffac  the Nordic countries and Italy has also been investigated
and H-B-Va® II, administered concurrently at separate (Study E).
injection sites, and that these responses were not influenced
by the vaccination schedule. Comparisons with separate3.1. Immunogenicity
vaccine components were made during the development
of Pentavat™. In addition, the immunogenicity data for 3.1.1. Primary series
Hexava® were compared with those generated with mono-  In the phase Ill studies, the primary endpoints for the as-
valent vaccines for which protective efficacy against disease sessment of immunogenicity for each antigen in Hex&vac
had been demonstrated in clinical trials. The seroconversionwere the percentage of infants achieving reference value
or seroprotection reference rates and acceptable differencegquivalency (demonstrated by non-inferiority testing) for
were based on existing data from licensed monovalent andseroprotection or seroconversion rates 1 month after the third
combination vaccinesTable 1 [16]. vaccine dose, and the percentage of infants who achieved at
Seven phase |l studies were conducted between 1996least a four-fold increase in antibody titres from baseline for
and 1998, involving 3748 infants who received Hex&ac pertussis components. The secondary endpoints were geo-
as a complete three-dose primary series between the ages dhetric mean titres (GMT) before and after vaccination (at
2 and 6 months and 4286 toddlers who received a booster95% confidence intervals). One month after the primary se-
dose of Hexava® during the second year of life. Separate ries of three injections of Hexav8igseroprotective levels of
studies of Hexavat given in a three-dose primary series antibodies were present in 89.5-100% of infants, depending
were performed to investigate its immunogenicity and safety upon the antigenTable 2.
in comparison with separate injections of Pentalhand
H-B-Vax® Il (Study A; pivotal study), the consistency of 3.1.1.1. Diphtheria—tetanus-IPV (types 1-3). At least
three different lots of vaccine with respect to immunogenic- 99% of infants in the phase Il trials achieved seropro-
ity (Study B), its safety in a large population cohort (Study tective titre criteria for diphtheria neutralizing toxoids and
C) and its immunogenicity and safety in different vaccina- tetanus antitoxinsTable 2 [16—-18] The GMT values and
tion schedules (Study DF(g. 1. Studies A and D also in-  detectable antibody levels to poliovirus types 1, 2 or 3 fol-
vestigated the immunogenicity and the safety of a fourth, lowing primary immunization with Hexav&c[16—18]were
booster dose of Hexavlicand the safety of a fourth dose comparable to those elicited by other licensed vaccines
was also assessed in Study C. As a secondary endpoint[19-21]

Table 1
Statistical methodology for immunogenicity assessment of Hexavac given to infants as primary series: criteria for seroconversion andisenatestect
per antigen and pre-defined acceptable differences (Studies A, B and D)

Study code/study no. Study A Study D Study B
Pref 8 Pref 8P Pref 8
Criterion for seroconversion and seroprotection rates (%) per antigen
HBs > 10 mlU/ml 90 15 92 10 92 10 (15%)
PRP> 0.15pg/ml 98 10 98 9 99 10
PRP> 1.0pg/ml - — 65 >15 - —
D > 0.011U/ml 99 10 99 9 99 10
T > 0.011U/ml 99 10 99 9 99 10
PT > 4-fold rise 90 15 92 10 92 10 (15%)
FHA > 4-fold rise 90 15 92 10 92 10 (15%)
Polio 1, 2, 3,>5 99 10 99 9 99 10

2Reference response rate.
b Pre-defined acceptable difference.
¢ For secondary criteria.



Hexavac as primary and booster vaccination

Hexavac as booster vaccination

Study A
Pivotal study — France

® Hexavac (n=423)
versus

® Pentavac + H-B-Vax Il (n =425)
® 2 4 6/12-18 months

30,40

Study B

Consistency lot study — Chile®'

® Hexavac

® Comparison of 3 lots (n=311-359
per group)

® 2,4, 6 months

Study C
Large-scale safety study —
Germany®*

® Hexavac (n=1,783)
® 2 4,6/12-14 months

Study D
Schedule study — France®

® Hexavac

® 2,3, 4/15-17 months (n=258)
versus

® 2,4, 6/15-17 months (n=258)

Study E

(data on file)

Schedule study — Sweden

® Hexavac (n=180)
® 3, 5/12 months

Study F

Safety of HEXAVAC in children
primed with DTwP-IPV-Hib
(Pentacoq) - France®

®* n=1,304

® 2 3, 4/16-20 months

Study G

Safety and immunogenicity of
Hexavac in children primed with
DTwP-IPV-Hib (Pentacoq) +
H-B-Vax Il — France

(data on file)

® n=313
® 2 3, 4/14-20 months

Study H

Safety and immunogenicity of
Hexavac in children primed with
DTaP-IPV-Hib (Pentavac) +
H-B-Vax Il = Turkey

(data on file)

®* n=129
® 2 3,4/14-18 months

Fig. 1. Overview of phase IlI clinical development programme for Hex8vac
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Table 2
Immunogenicity of Hexavdt 1 month after the primary vaccination series (per protocol analysis)

Study [vaccination N2 Percentage of children achieving seroprotection or seroconversion antibody criteria (GMT) m
schedule (months)] Diphtheria EIA Tetanus EIA PP CHO assay PTC ELISA FHAC ELISA Poliovirus type 1 Poliovirus type 2 Poliovirus type 3  PRP HBs §
(=0.01 1U/ml) (=0.011U/ml) (>4-fold rise per dilution) (>4-fold rise EU/ml)  (>4-fold rise EU/ml) (=5 per dilution) (=5 per dilution) (=5 per dilution) (>0.15g/ml) (=10 mIU/ml) 5

Study A Q
[2, 4, 6] [30] 305-331 100 (0.467) 100 (2.07) 100 (50.8) 91.8 (64.7) 90.5 (141) 100 (470) 100 (505) 100 (846) 93.7 (2.06) 96.6 (434)&
Study g -~
[2, 4, 6] [31] 269-300 100 (1.71) 100 (6.30) 100 (53.4) 93.0 (70.8) 91.3 (190) 100 (2459) 100 (1902) 100 (3010) 97.0 (3.95) 96.3 (458)%
257-289 100 (1.77) 100 (6.49) 100 (54.7) 91.0 (71.5) 90.8 (178) 100 (2007) 100 (1574) 100 (2398) 98.3 (4.37) 95.5 (4208

236-257 100 (1.59) 100 (6.48) 100 53.6) 93.0 (72.3) 93.5 (210) 100 (1986) 100 (1679) 100 (2239) 97.3 (4.05) 96.5 (331)3

Study & N
[2, 3, 4] (data on file) 112 N/A N/A N/A N/A N/A N/A N/A N/A 955 (2.22) N/A S
Study D §
[2, 3, 4] 180-192 100 (0.291) 100 (1.05) 100 (37.7) 92.9 (58.8) 90.6 (129) 100 (243) 100 (162) 100 (371) 92.7 (1.42) 95.8 (2415
[2, 4, 6] [32] 158-170 100 (0.439) 100 (1.89) 100 (52.3) 89.5 (62.8) 91.8 (141) 99.4 (438) 100 (448) 99.4 (739) 93.5 (2.26) 97.1 (396)§
GMT, geometric mean antibody titer; HBs, hepatitis B surface antigen; PRP, polyribosy! ribitol phosphate; PT, pertussis toxin; FHA, filamertggisitintmy N/A, no data available. cf‘)
@Number varies according to the number of infants assayed for each antigen. 5

b Chinese hamster ovary assay; seroconversion considereg4 gseciprocal dilution in seroneutralization). (ﬂ

CPT and FHA measured using enzyme-linked immunoassay and seroconversion considered as a four-fold increase in respective antibody titers.
dThe immunogenicity of three different lots of HexaPaovas investigated in this study.
€ Large-scale safety study. The immunogenicity of PRP-T was assessed in a subset of infants.
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3.1.1.2. Pertussis. For all phase lll studies, the percentage
of infants achieving a four-fold rise in antibody titres to
PT or FHA was greater than 89%, following a three-dose
primary series of Hexav&c(Table 9 [16-18] GMT values
and the rise in PT and FHA antibodies elicited by Hex&vac
were comparable with those following separate injections of
Pentavat™ plus H-B-Va® 1l (Study A) [16].

3.1.1.3. Haemophilus influenzae type b. One month after
the third dose of Hexav&g the seroprotection rate to PRP
(>0.15ug/ml) varied between 92.7 and 98.3%able 2
[16—-18] The anti-PRP immune response in terms of sero-
protection rate #0.15ug/ml) was comparable with that
of Pentavat™ as established by the pivotal study6].
The GMT values of PRP antibodies varied according to
the schedule and the population (1.42—4.87ml and
62.5-85.1%, for GMTs and seroprotection rateRug/ml,

E. Mallet et al./Vaccine 22 (2004) 1343-1357

combined vaccine compared with separate administration,
seroprotection and seroconversion rates 1 month after the
third dose of Hexavatwere >90% for all antiger{46]. Fur-
thermore, a comparison of three separate lots of Hefavac
found that seroprotection or seroconversion rates and GMT
values were equivalent across lots for all components 1
month after the third dosg 7].

3.1.2. Persistence of immunogenicity

Persistence of immunogenicity was evaluated in the piv-
otal phase Il study (Study A) and in a study comparing
different primary immunization schedules (Study D). Anti-
bodies to D, T, PT, FHA and poliovirus types 1-3 remained
at satisfactory levels from the end of the primary vaccination
series to the time of the booster injection at 12—18 months
of age (Table 4 [18,22]

Between 75.9 and 85.2% of children primed with
Hexava® had seroprotective titres of PRP antibody

respectively), with lower responses seen in infants vacci- (=0-15pg/ml) at the time of booster vaccination, irrespec-
nated according to the compressed 2—-3—4-month scheduldive of the primary immunization schedule8]. The GMT

and the highest responses occurring in Chilean infants.

3.1.1.4. Hepatitis B. In all phase Il studies, more than
95% of infants achieved seroprotective titresLQ miU/ml)

of anti-HBs antibodies, 1 month following completion of the
primary seriesTable 2 [16-18]

values and seroprotection rates at theug/ml level were
lower than those seen after priming with Pentadhand
H-B-Vax® 1l [22].

Seroprotection rates for HBs antibodies at the time of
booster vaccination ranged between 72.8 and 85.7%, re-
gardless of the immunization regimen of the primary series
[18,22]

In summary, these data showed that the immunogenicity 3.1.3. Response to booster vaccination

of a primary series of Hexav&dn terms of seroprotection

and seroconversion rates was non-inferior to that of refer-

ence vaccines. In a direct comparison, Hex&waet the cri-
teria for clinical equivalence to Pentavdtand H-B-Va®
Il given concomitantly at two separate sites, as it elicited

Hexava® induced an immunologic memory for all anti-
gens, as demonstrated by the good anamnestic response
for all components following a booster injection at 12—-18
months of ageTable 4.

One month after the administration of a booster dose of

similar seroprotection and seroconversion rates against allHexava®, all but one of the 807 children included in the

antigens Table 3. Following the three-dose primary im-
munization series (2—4—6 months), although GMTs for HBs
and PRP antibodies were lower in children receiving the

Table 3

per protocol analysis had anti-PRP titre§.15u.g/ml and
97.4% of children achieved titres1 wg/ml. The priming
effect for PRP afforded by HexavBevas strongly supported

Immunogenicity of a three-dose primary series of Hex8vaompared with Pentavd¥ plus H-B-Va® Il (per protocol analysis (Study A)30]

Antigen Primary endpoint  Pentavat + H-B-Vax® Il (n = 301-332} Hexava® (n = 305-331% [95% CI]P
- - Reference-Hexav&c

Seroprotection/ GMT Seroprotection/ GMT

seroconversion rate seroconversion rate
Diphtheria >0.011U/ml 99.7 0.48 100 0.47 -0.91; 0.30]
Tetanus >0.011U/ml 100 1.65 100 2.07
PT >4-fold increase 93.7 87.4 91.8 64.7 -—2.24; 6.01]
FHA >4-fold increase 88.6 118 90.5 141 —6.72; 2.94]
Polio virus type 1 >5 (1/dil) 100 343 100 470
Polio virus type 2 >5 (1/dil) 100 315 100 505
Polio virus type 3 >5 (1/dil) 100 707 100 846
PRP >0.15pg/ml 99.7 3.69 93.7 2.06 [3.35; 8.74]
HBs >10 miu/ml 100 983 96.6 434 [1.41; 5.30]

@Number varies according to the number of infants assayed for each antigen.
b959% confidence interval of the difference in seroprotection/seroconversion rates between the reference vaccines\(PamdakaB-Va® 11) and
Hexava®; criterion for success= upper bound belows (pre-established acceptable differerjt6]). HBs, hepatitis B surface antigen; PRP, polyribosyl

ribitol phosphate; PT, pertussis toxin; FHA, filamentous hemagglutinin.



Table 4

Persistence of antibodies and immunogenicity of a booster injection of Héanaoddlers aged 12—18 months who completed a primary immunisation series with H&X@eaprotocol analysis)

Study [vaccination N2 Percentage of children with seroprotective antibody I&vEBMT)

schedule (months)]

Diphtheria  Tetanus PTt CHO assay PT* (EU/ml) FHA? (EU/mI) Poliovirus  Poliovirus type Poliovirus type PRP {.g/ml) HBs (mlU/ml)
(IU/ml) EIA  (IU/ml) (per dilution) type 1 2 (per dilution) 3 (per dilution)
>0.15 >1.0
Study A
[2, 4, 6/12-15.5]
Pre-booster 145-162 41.4 (0.067) 93.9 (0.447) 15.4 (14.3) 8.9 (14.0) N/A (56.4) 96.8 (77.9) 96.8 (91.5) 98.1 (121) 79.0 (0.46) 30.9 (0.46) 85.7 (62.3)
Post-booster 153-165 100 (1.22) 100 (5.52)  93.7 (68.1) 94.5 (74.6) 29.8 (176) 100 (2226) 100 (2704) 100 (3644) 100 (13.7) 95.8 (13.7) 98.2 (967)
GMTR 143-162 19.1 12.9 4.80 5.37 3.11 294 28.8 28.9 29.3 29.3 15.6
[2, 4, 6/15.5-18] m
Pre-booster 127-158 38.6 (0.054) 82.2 (0.327) 13.2 (12.6) 4.3 (7.99) N/A (30.9) 95.8 (81.2) 96.5 (91.0) 97.9 (121) 75.9 (0.34) 18.4 (0.34) 77.5 (3§.3)
Post-booster 149-162 97.5(1.87) 100 (7.17) 96.2 (87.7) 92.6 (81.3) 69.1 (184) 100 (3132) 100 (3178) 100 (4577) 100 (20.5) 97.5 (20.5) 95.0 (888)
GMTR [40] 126-158 34.2 21.9 7.06 10.6 6.00 36.7 36.1 375 61.3 61.3 27.3 Q
58
Study C =~
[2, 4, 6/12-14] g
Pre-booster 109 N/A N/A N/A N/A N/A N/A N/A N/A 29.4 (0.44) 29.4 (0.44) N/A 2
Post-booster 108 100 (11.9) 95.4 (11.9) (,\D,
GMTR (data on file) 26.8 26.8 %
Study D §
[2, 3, 4/15-17] N
Pre-booster 164-176 30.5 (0.050) 84.0 (0.279) 13.6 (14.1) 6.9 (8.77) N/A (30.5) 89.4 (46.2) 88.2 (40.5) 90.5 (63.4) 85.2 (0.62) 39.8 (0.62))85.5 (584
Post-booster 172-176 99.4 (1.78) 100 (9.23)  98.3 (111) 96.0 (99.9) 75.4 (205) 100 (3036) 100 (3217) 100 (4716) 99.4 (45.7) 98.3 (45.7) 94.9 (]‘2165)
GMTR 164-176 35.0 33.0 7.86 11.4 6.70 66.7 78.9 74.0 73.3 73.3 29.1 g
[2, 4, 6/15-17]
Pre-booster 155-173 31.0 (0.056) 88.6 (0.314) 9.4 (12.5) 4.1 (8.50) N/A (32.2) 95.8 (75.4) 92.8 (72.0) 99.4 (112) 77.5 (0.42) 26.0 (0.42) 72.8 (36.7)
Post-booster 167-175 99.4 (1.72) 100 (8.09) 95.3 (92.4) 94.3 (81.6) 67.8 (192) 100 (2802) 100 (2985) 100 (4793) 100 (22.5) 98.3 (22.5) 97.7 (1089)
GMTR [32] 153-172 29.6 255 7.35 9.49 5.89 39.2 425 43.2 54.4 54.4 28.0

GMT, geometric mean antibody titer; GMTR, geometric mean of post-dose to pre-dose titer ratio; HBs, hepatitis B surface antigen; PRP, pdiitdbpbgsphate; PT, pertussis toxin; FHA, filamentous

hemagglutinin; N/A, not available.
aNumber varies according to the number of infants assayed for each antigen.

b Antibody levels considered to be seroprotective af® miU/ml for HBs, >1.0g/ml for PRP (for theHaemophilus influenzae type b component), GMT32 for PT, a four-fold increase in FHA

antibody titer relative to pre-booster leveis).11U/ml for diphtheria and tetanus antigens affél (reciprocal dilution in seroneutralization) for poliovirus types 1-3.
¢PT measured using Chinese hamster ovary assay; antibody levels considered to be seroprotecd®eramprocal dilution in seroneutralization).
4PT and FHA measured using enzyme-linked immunoassay.
¢ Large-scale safety study. Immunogenicity of PRP-T assessed in a subset of children.
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by the high GMT values (13.7-45p8/ml) and the marked
29.3-73.3-fold increase in mean antibody titres following
administration of the booster dose.

Between 94.9 and 98.2% of children who received
four doses of Hexav&t achieved seroprotective levels of
anti-HBs antibodies at thee10 miU/ml level 1 month af-
ter a booster dose of Hexa¥d18,22] The anamnestic
response to HBs was marked for both primary immuniza-
tion regimens, as evidenced by values of 15.6-29.1 for
the geometric mean of post-dose to pre-dose titre ratios
(Table 9.

The immune response to a booster dose of HeXatale
lowing priming with pentavalent vaccines containing either
aP (Pentavd®:; Study H) or wP (Pentacéy Study G) plus
H-B-Vax® Il has been examined in two studies. Both stud-
ies showed a good anamnestic response to the booster dose
of Hexava®. GMT levels and seroconversion rates follow-
ing the booster dose of Hexavac were similar to those re-
ported for Pentavd® following priming with Pentacc
[23].

3.1.4. The effect of dosing schedule on immunogenicity

The immunogenicity of Hexav&cin different dosing
schedules was investigated in a study that compared the
effects of primary immunization at 2-4 months with 2, 4
and 6 months (Study D). Hexaa@dministered according
to either schedule provided antibody titres that were within
a clinically acceptable range and consistent with protection
throughout the first 15 months of liff.8]. Although the
GMT for PRP was higher in children vaccinated at 2, 4 and
6 months compared with the 2—3—-4-month schedule, the
percentage of infants that achieved at least Q.d/ml was
similar in the two groups after the primary series (93.5%
vs. 92.7%). The 2—4—6-month schedule also elicited higher
GMT levels for anti-HBs antibodies after the primary se-
ries. In contrast, both the pre- and post-booster GMTs for
PRP and HBs appeared higher among children who were
primed using the 2—3-4-month sched[18].

The immunogenicity of Hexav&cadministered accord-
ing to the 3-5/12-month immunization schedule used by the
Nordic countries and Italy has also been investigated in a
study involving 180 Swedish infants (Study E). One month
after the third dose, 100 and 95.9% of infants had sero-
protective levels of anti-PRP antibodies at th8.15 and
>1pg/ml levels, respectively. In addition, 97.2% of infants
were seroprotected against HBs at th&@0 miU/ml level.
The immune responses to the D, T, aP and IPV components
post-dose three all met the pre-defined criteria for seropro-
tection or seroconversioffdble 5.

3.2. Safety

During the course of the clinical development of
Hexava®, 3905 infants received at least one dose of vac-
cine for primary immunization, representing a total of
11,525 doses. Of these, 11,507 (99.8%) doses completed

Table 5

Immunogenicity of Hexava® 1 month after the third dose of a three-dose series at 3, 5 and 12 months of age (per protocol analysis; Study E)

Percentage of children achieving seroprotection or seroconversion antibody ii@Ker)

Na

HBs

PRP (vg/ml)

Poliovirus type
3 (per dilution)

Poliovirus type
2 (per dilution)

Poliovirus type
1 (per dilution)

pT FHAC

PT® CHO assay
(per dilution)

Tetanus
(IU/ml)

Diphtheria

(mlU/ml)

>1.0

>0.15

(EU/mI)

(EU/mI)

EIA (IU/ml)

95.9 (12.3)  97.2 (894)

100 (2807) 100 (3300) 100 (12.3)

72.3 (256) 100 (3808)

100 (7.58)  97.8 (94.1) 100 (141)

100 (4.44)

118-146

GMT, geometric mean antibody titer; HBs, hepatitis B surface antigen; PRP, polyribosyl ribitol phosphate; PT, pertussis toxin; FHA, filameatgmylstimem

2Number varies according to the number of infants assayed for each antigen.

b Antibody levels considered to be seroprotective af) mIU/ml for HBs, >0.11U/ml for diphtheria and tetanus antigens, GMB2 for PT, a four-fold increase in FHA antibody titer relative to

pre-dose 3 levels and8 (reciprocal dilution in seroneutralization) for poliovirus types 1-3.

¢PT measured using Chinese hamster ovary assay; antibody levels considered to be seroproteei2e(r@eprocal dilution in seroneutralization).

4PT and FHA measured using enzyme-linked immunoassay.
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Table 6
Solicited local and systemic reactions (%) within 3 days of each dose of H&aling the primary immunisation series (2, 3, 4 months or 2, 4, 6
months) in French, German and Chilean infants (Studies A-D plus phase Il study in 157 French infants)

First dose Second dose Third dose All doses

Number of infants 3897 3826 3784 11507
Local reactions

Any local reaction 141 17.9 19.6 17.2

Redness>2cm 6.08 9.96 12.2 9.37

Induration and/or swelling-2 cm 10.2 12.6 134 12.0
Systemic reactions

Irritability and/or unusual crying 25.7 25.3 22.0 24.4

Drowsiness 15.2 8.76 6.29 10.1

Inconsolable crying >3 h 0.23 0.16 0.08 0.16
Fever>38°C

38-38.9C 9.06 18.0 18.0 15.0

39-39.9C 0.44 1.62 2.67 1.56

>40°C 0.03 0.13 0.16 0.10

safety and reactogenicity assessments. In addition, 4437 At least one local reaction during the first 3 days after
children received a booster dose of Hex&aturing the vaccination was reported for 17.2% of doses of Hex&vac
second year of life. (Table §. Redness-2 cm was reported following 9.37% of

In all studies, evaluation of safety included: all doses and induration and/or swellin@ cm was reported
for 12.0% of doses. The rate of large§cm) local reac-
tions was low, however. Redness and indurati&cm were
observed following 1.39 and 0.96% of doses, respectively,
while 0.12 and 0.10% of doses were associated with red-
ness and induration >7 cm, respectively. These large local
reactions were transient and resolved within 2—9 days.

Irritability and/or unusual crying was the most frequently
reported systemic reaction, and was associated with 24.4%
of all doses of Hexav&t during the primary vaccination
Tolerability data for each country were considered sepa- series. However, inconsolable crying lasting for more than
rately, as well as globally, because of possible local differ- 3 h occurred after only 0.16% of doseRable §. The rate

1. Immediate reactions within the first 30 min after each
dose.

2. Local reactions and systemic events from 30 min to
72 h following each dose.

3. Any adverse event that resulted in a visit to a physician
4 and 30 days after each injection.

4. Any serious adverse event (SAE) occurring throughout
the trial.

ences in the reporting of reactogenicity. of mild fever (38.0-38.9C) tended to be lowest after the
first dose of Hexavat, and the overall rate of mild fever
3.2.1. Primary series was 15.0%. Fever above 3@ was reported infrequently

Overall, the reactogenicity of Hexavcadministered (39.0-39.9C: 1.56% of doses>=40°C: 0.1% of doses),
between 2 and 6 months of age was low, with the most with an expected trend towards an increased rate with suc-
frequently reported adverse reactions after primary vacci- cessive doses of vaccine.
nations being local reactions (redness; induration and/or In the comparative study of Hexaand Pentavd®
swelling) >2 cm and irritability and/or crying within the  plus H-B-Vax® Il (Study A), the incidence of local reactions
first 72 h after each injection. These reactions were gener-following the primary series with Hexavac was similar to

ally transient and resolved without sequelae. that seen with Pentav8¥, while the incidence of systemic
Table 7
Solicited local and systemic reactions (%) within 3 days of a booster dose of H&xavame 12—20 months
Vaccine for primary N Any local Redness Induration  Fever>38°C Irritability/ ~ Drowsiness Inconsolable
immunisation reaction >2cm >2cm unusual crying >3h
38-38.9C 39-39.9C =>40°C :
crying

Hexava® (Studies 2688 21.3 174 15.6 24.9 3.61 0.74 15.6 5.73 0.19

A, C and D plus

phase Il study)
Pentaco@ (Studies F 1608 40.5 28.8 26.2 35.3 3.79 0.31 21.3 7.03 0.25

and G)
PentavatV (Study H) 125 34.1 30.2 31.7 21.6 4.0 0 21.6 3.2 0.80
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events was comparable following vaccination with either  Overall, 33 SAEs were reported following the total of

Hexava® or Pentavat plus H-B-Va® Il [16]. 4437 booster doses of Hexavac and only three of these events
The lowest incidence of adverse reactions was seen in(febrile convulsions, which appeared a few hours after vac-

the large-scale safety study of 1783 German infants who re-cination) were considered to be probably associated with the

ceived Hexava® at 2, 4 and 6 months of age (Study C). Red- vaccine. No cases of HHE were reported.

ness>2cm and induration/swelling-2 cm were reported

after 6.7 and 7.1% of doses in the primary series, while

the most frequent systemic adverse events were irritabil- 4. Discussion

ity (19.3% of doses) and fever38.0°C (15.4% of doses).

Fever>40.0°C was reported following 0.1% of doses and A number of issues have been raised by the development

inconsolable crying for more than 3 h was reported for 0.2% of combination vaccines, including the possibility of inter-

of doseq24]. ference in the immune responses to PRP and HBs and the
A total of 247 SAEs were reported throughout the clini- degree of protective efficacy conferred by acellular pertus-

cal development program, of which five were considered by sis vaccines comprising different pertussis antigens. The

the investigators to be related to vaccination with Hex8vac clinical data presented in this review show that the level of

There was one case of high-pitched crying prolonged for 4 h immune response to all antigens elicited by a three-dose

and one hypotonic—hyporesponsive episode (HHE) 1 day af-primary series plus booster of Hexafawas comparable

ter the first dose. In addition, one case of intussusception 1to that following immunization with Pentavi¢ alone

day after the second dose, one case of pyelonephritis due td20,26] and with Pentavd® plus H-B-Vax® Il [22]. Fur-

Escherichia coli infection 5 days after the third dose, and thermore, the immunogenicity of Hexafagvas shown to

a case of influenza-like syndrome associated with gastroen-be acceptable when it was administered according to the

teritis 2 days after the second dose were considered to bemain vaccination schedules (2-3—-4/12-18; 2-4-6/12-18;

probably, possibly and doubtfully related to vaccination, re- 3-5/12) currently used in Europe. Hexa%awas approved

spectively. by the European Agency for the Evaluation of Medic-
inal Products in October 2000. It is already available
3.2.2. Booster vaccination in Germany, Austria, Italy, Spain and Switzerland, and

Rates of local and systemic adverse events were higherwill be progressively introduced throughout the European
when Hexava® was given as a booster vaccination com- Union.
pared with rates observed following the primary series. The  The overall immune response to PRP following a primary
overall rate for any local reaction increased from 17.2% series with Hexavdt was within the range reported for
of all doses for the primary serie3gble § to 21.3% for PentavatM [20], although the GMT values for anti-PRP
the booster injection among children primed with Hex&vac ~ antibodies were approximately twice as high in the Chilean
(Table 9, with redness>2 cm, induration>2cm and fever  population as in the French infants. This is consistent with
being more common after booster vaccination. However, previous reports of a vigorous response to PRP among
fever>40°C occurred in 0.55% of children who received a Chilean infant419,27]
booster dose of Hexavéc The results of the phase Il studies with Hex&Vagere

The overall incidence of large local reactions in French also consistent with observations from studies of other li-
and German children following booster vaccination with censed combination vaccines with a Hib component that
Hexava€ was low, with 2.6% of doses associated with red- have provided evidence of interference in the PRP response

ness>5cm and 2.16% associated with induratie® cm. [28-30] Although GMTs were somewhat lower in the
Redness and induration >7 cm were associated with 0.22 anchexavalent vaccine group compared with the pentavalent
0.26% of doses, respectively. group, anti-PRP antibody rates 0.15ug/ml elicited by

In the pivotal study, the incidence of local reactions was Hexava® were consistent with protection against Hib dis-
comparable for Hexav&cand Pentavdé!, while the rates  ease. The primary criterion for the evaluation of the immune
of systemic reactions with Hexav&evere comparable with  response to PRP was a seroconversion rate above the an-
those following booster doses of Pental4@and H-B-Va®® tibody threshold generally considered to confer short-term
Il [22]. In the schedule study (Study D), the incidence of protection £0.15ug/ml) [31,32] Hexava® surpassed this
local and systemic reactions following a booster dose of criterion in >92% of children following a three-dose pri-
Hexava€ was unaffected by the schedule used for the pri- mary series. Furthermore, the seroprotection rates obtained
mary vaccination serigf4.8]. with Hexava® were above those reported for the mono-

The rates of local and systemic adverse events did notvalent PRP-D vaccine that was shown to be protective
differ markedly with the type of vaccine used for the pri- against invasive Hib disease during efficacy trials in Fin-
mary series. The reactogenicity profiles of Hexavac in chil- |and [33,34] and were within the same range as that seen
dren primed with either Pentac®@25] or Pentavat" were in native American Navajos and which was associated with
comparable with those for children who received a primary a dramatic reduction in the incidence of invasive disease in
series of Hexavét (Table 7. that populatior35].
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There has recently been discussion of the levels of cell-based immunologic memory, as indicated by booster
anti-PRP antibodies that are associated with protection afterresponse elicited by either unconjugated or conjugated PRP.
immunization with conjugate vaccines. The thresholds of The seroprotection rates and GMT values for anti-PRP an-
>0.15pg/ml for short-term protection ang1wg/ml for tibodies following a booster dose of Hexa®awere similar
long-term protection were derived from passive immuniza- to those reported after primary and booster vaccination
tion or immunization with unconjugated Hib polysaccharide with Pentavat™ [20,26] and with other Hib-containing
vaccineg36]. However, efficacy and effectiveness data from vaccines[26,36,41-44] This strong anamnestic response
infants immunized with Hib conjugate vaccines suggest demonstrated that Hexaeffectively primes the immune
that protective antibody titres are closer to th@.15ug/ml system. Active Hib disease surveillance in Germany under
level [35,37] For example, a study performed in the UK, the auspices of the national paediatric surveillance system
where immunization is provided by PRP-T at 2-4 months (ESPED) has shown that vaccines with anti-PRP responses
of age without booster in the second year of life, found within the same range as those seen with Hex&vae
that at age 1 year less than 62% of children had PRP an-associated with excellent control of the disepts. Active
tibody titres >0.15ug/ml [38]. Nevertheless, the observed surveillance of Hexav&t vaccinees for 3 years will form
efficacy to age 4 years was 94.7-99.13%]. In addition, part of the on-going ESPED programme.
controlled efficacy and effectiveness trials of Hib conjugate  The inclusion of HBs in Hexav&tis intended to in-
vaccines have shown greater long-term protective efficacy crease vaccination coverage and thereby increase protection
than would have been predicted by the application of either against hepatitis B later in life. Several controlled clinical
a 1.0pg/ml or even a>0.15p.g/ml threshold for anti-PRP  studies have established that a level of anti-HBs antibodies
antibody titreg32,33,35,39,40] >10mlU/ml is indicative of seroprotection against hepati-

In the present series of studies with Hex&bapersis- tis B [46—48] It is important to note that despite a trend
tence of anti-PRP antibodies up to the time of booster vac- to lower GMTs following Hexava® compared to the sepa-
cination was within the same range as has been reportedrate administration of H-B-VaX Il, the seroprotection rates
previously for a three-dose primary series of PRP-T com- achieved after primary immunization with Hexa%awere
bined with DTaP[26,28,41]or DTaP—-IPV[20]. It was also within the range (87.7-100%) that has been reported for
comparable with the levels seen in double-blind efficacy other DTaP combination vaccines containing hepatitis B
studies with the PRP-[84] and PRP—OMR35] vaccines, given as a three-dose primary series between 2 and 6 months
which have demonstrated protective efficacy against inva- of age[49,50], and also for a combination vaccine against
sive Hib disease. Furthermore, the seroprotection rates forHib and hepatitis B (92.1%) given at 2 and 4 months of
PRP>0.15ug/ml were greater than the rate of 62% reported age[51]. The antibody titres against HBs, and particularly
in the effectiveness study performed with PRP-T in the UK the seroprotection rates at the 10 mlU/ml level, were also

[38]. comparable to those seen with Pentdbaplus H-B-Va®

In the study that compared Hexaffaadministered at 2-4 Il [16] and with other licensed hepatitis B vaccingg].
months with the 2—4—6-month schedule, the percentage ofFurthermore, GMT values and seroprotection rates for HBs
infants with PRP antibody levels1.0ug/ml after the pri- antibodies at the time of booster vaccination were within

mary series was not predictive of protective antibody levels the range observed following primary immunization with
>0.15p.g/ml throughout the first 15 months of life. Nev- monovalent hepatitis B vaccitjg3] or the bivalent Hib-HBs
ertheless, children in both study arms achieved compara-vaccine[51].
ble and clinically acceptable GMT levels and seroprotection  The key to long-term protection against hepatitis B is the
rates following a booster dose of Hexa%aat 15-17 months.  persistence of a strong immunologic mem§B¢]. A num-
Both vaccination schedules, therefore, appeared similarly ber of studies have demonstrated that previously vaccinated
effective, with any apparent advantage of the 2—4—6-month subjects retain the ability to mount a rapid anamnestic re-
schedule for the primary series being counterbalanced bysponse to booster vaccinatifgb—58] even where anti-HBs
the higher responses to booster vaccination seen in childrerantibodies have declined to low or undetectable levels. In
who received the primary series at 2—4 months. addition, it has been found that vaccinated subjects contin-
Overall, when Hexavd&t was administered as either ued to be protected against symptomatic and chronic HBV
a 2-3-4-month schedule or 2-4-6-month schedule with infections although their antibody titres had declined below
booster vaccination at 15-17 months, the post-primary, the 10 mlU/ml level[59,60] The studies in which children
pre-booster and post-booster anti-PRP responses seen witheceived a primary series and booster dose of Hefavac
either schedule were consistent with those previously provided evidence of a strong anamnestic response to the
reported for both monovalent Hib vaccines for which con- booster vaccinatiofil8,22].
trolled efficacy data are available, as well as other Hib- An important issue in the development of aP vaccines
containing combined vaccines such as Penta¥g€ig. 2). is the absence of positive serological correlates of pro-
The anti-PRP level after primary vaccination is known tection against pertussis for the various different vaccines
to reflect only part of the immune response to the conju- [61]. Whilst it is recognized that the presence of antibodies
gated vaccines. A major protective role may be played by against PT is necessary for protection agaBispertussis
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Fig. 2. (a) Anti-PRP responses by bleed interval;>.15p.g/ml (with 95% CI). (b) Anti-PRP responses by bleed interval;>%.0p.g/ml (with 95%
Cl). (A) Hexava® 2-3-4 primary series;Q) Hexava® 2-4-6 primary series;@) PentavalM 2-4-6 primary series;l) PedvaxHIE® 2—4 primary
series; &A) PROCOMVAX® 2—4 primary series;®) PRP-D 4-6 primary series¥) PRP-T 2—-3—4 primary seriesx] PRP-D 3—-4—6 primary series.

infection [9], and a vaccine containing only PT was shown a 6-year follow-up period has suggested that the relative pro-
to be clinically effective[62], this does not appear to be tective efficacy of the two vaccines was maintained over this
related to antibody titre or duration of antibody response. time (Simondon, unpublished observations). In addition, a
However, studies suggest that the additional presence ofsurveillance programme to assess the effectiveness of uni-
FHA is associated with a greater degree of protection, par- versal immunization with aP vaccine, which began in 1996,
ticularly against mild or asymptomatic disease, compared is being undertaken in Sweden. Preliminary results show a
with the monocomponent vaccing3,64] Furthermore, dramatic reduction in the incidence of pertussis, especially
during an outbreak of pertussis in Finland, schoolchildren in children under 5 years of age. Pentalcwhich con-
with higher anti-FHA antibody titres remained healthy tains the same aP components as Hex&yhas been used
while those with lower titres contracted the disef&i. in approximately two-thirds of the Swedish birth cohort (ac-
In the absence of serological correlates of protection, clin- cording to the 3—-5/12-month schedule), so this should pro-
ical efficacy and effectiveness remain the most important vide definitive information on the field effectiveness of the
criteria for evaluating protection conferred by pertussis vac- aP component.
cines. Evidence for the effectiveness of the aP component The clinical study programme for Hexafatias demon-
used in Hexavat has been obtained both in a randomized strated that it has a good safety and tolerability profile.
clinical trial and in routine use. In a comparative study of a Although the number of local reactions following the pri-
DTaP vaccine with DTwP performed in Senegal, the protec- mary series varied across the different populations, the
tive efficacy of the DTaP vaccine over the 12-month period overall incidence of such reactions was within the range
following the third dose was within the same range as that reported for existing vaccines containing the same antigens
conferred by the DTwP vaccir{é6]. Analysis of data from [16]. Similarly, the overall occurrence of systemic adverse
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events fell within the range reported for PentaNAplus References
H-B-Vax® 1l [16]. Furthermore, the overall reactogenicity
profile of booster immunization with Hexa/&evas compa-
rable with that previously seen following booster injections
of Pentavat [20].
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