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Background. Combined hepatitis A and B vaccine administered on an accelerated schedule provides a rapid immune
response against both hepatitis A and B viruses, which might be especially relevant for individuals who need protection
quickly, ‘

Methods. Aprospective, open-label, randomized study to compare the immunogenicity and reactogenicity of the com-
bined hepatitis A and B vaccine Twinrix (GlaxoSmithKline Biologicals, Rixensart, Belgium} (2720 EL. U/mL inacti-
vated hepatitis A antigen and 20 pg/mL recombinant hepatitis B surface antigen [HBsAg}) administered at 0,7, 21 to 30
days, and 12 months compared with concurrent administration of Havrix [GlaxoSmithKline Biologicals, Rixensart,
Belgium (21440 EL.U/mL inactivated hepatitis A antigen)] at G and 12 months, and Engerix-B {GlaxoSmithKline Bio-
logicals, Rixensart, Belgium (20 pg/mL recombinant HBsAg)j at 0, 1, 2, and 12 monthsin seronegative healthy adults,
Results. Atmonth 13, the anti-hepatitis B seroprotection rates (>10 mIU/mL) for the combined vaccine compared to
the monovalent hepatitis B vaccine were 96.4% (95% C1: 92.7-98.5) and 93.4% (95 % CI: 89.0-96.4), respectively. The
anti-hepatitis A seroconversion rates were 100% in both groups (95% CI: 98.1-100). At day 37, the anti-hepatitis A
seroconversion rates were similar in both groups (98.5% for combined vaccine, 98.6% for the monovalent vaccine
group), but the combined vaccine resulted in a statistically significantly (p < 0.001) better anti-hepatitis B seroprotec-
tion compared to monovalent hepatitis B vaccine, 63.2% versus 43.5%, respectively. The reactogenicity profile was
similar in both study groups.

Conclusions. 'The combined hepatitis A and B vaccine administered on an accelerated schedule was atleastas immuno-
genicand as well tolerated as the corresponding monovalent vaccines.

iral hepatitis is a worldwide health problem;
hepatitis A and B viruses (HAV and HBV) ac-

resulting in 350 to 450 million carriers worldwide
and 500,000 to 1.2 million deaths per year caused by

B

count for the majority of cases. In 2003, the US na-
tional incidence of hepatitis A and hepatitis B was
2.6 cases per 100,000 people for each virus.! World-
wide, approximately 1.5 million cases of hepatitis-A
are reported every year,” and HBV has infected 2
billion people (one third of the world’s population),
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cirthosis and primary hepatocellular carcinoma.*¢
Extensive regions throughout the world are en-
demic for these viruses, and many international
travelers may be at risk for contracting hepatitis
A or hepatitis B.” In addition to travel, persons may
be at risk for both diseases because of employment,
institutionalization, or lifestyle factors.

Safe and effective monovalent vaccines against
hepatitis A and hepatitis B are available.8* Conve-
nience may be enhanced by the use of a combined
hepatitis A and B vaccine (T'winrix, GlaxoSmith-
Kline Biologicals, Rixensart, Belgium), which has
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been licensed in Europe since 1996 and in the
United States since 2001.

Hepatitis A vaccines are administered as two
doses given 6 to 18 months apart. For hepatitis B
vaccines, the usual schedule is three doses over 6
meonths. Current dosing schedules mean that some
people, such as those traveling to endemic areas at
short notice, those facing imminent exposure be-
cause of behavioral risks or incarceration, or emer-
gency responders to disaster areas, may receive only
a single dose of hepatitis A or hepatitis B vaccine
before exposure. Studies have demonstrated that the
combined hepatitis A and B vaccine offers anti-
hepatitis B surface antigen (HBs) seroprotection and
anti-HAV seroconversion at least equivalent to the
corresponding monovalent vaccines.''¢ Although
single doses of the hepatitis A vaccine may induce an
immune response in most people, and accelerated
schedules for hepatitis B exist, combination hepati-
tis A and B vaccines may offer benefit in persons
needing rapid protection against both diseases. 18

This study was designed to compare the immu-
nogenicity and reactogenicity ofan accelerated dos-
ing schedule (0, 7, and 21-30 d, and 12 mo) using a
combined hepatitis A and B vaccine (T'winrix) on an
alternate schedule with the corresponding monova-
lentvaccines [IHavrix(GlaxoSmithKline Biologicals,
Rixensart, Belgium) at 0 and 12 mo, and Engerix-B
(GlaxoSmithKline Biologicals, Rixensart, Belgium)
at0, 1,2, and 12 mol.

Methods

Protocol

The protocol was approved by the Institutional
Review Boards of the participating centers, and
the study was conducted in accordance with good
clinical practice and the Declaration of Helsinki
(Somerset West, 1996 version). Written informed
consent was obtained from each subject prior to
the performance of any study-specific procedures.

Study Design

This was a prospective, open-label, randomized,
multicenter (12 centers), comparative study con-
ducted in the United States, Norway, Belgium, and
the Czech Republic between March 2003 and May
2005, which included a 6-month safety follow-up
phase following the administration of the last dose.
Subjects were randomized (1:1) to one of two
groups: group 1 comprised subjects who received
the combined hepatitis A and B vaccine, Twinrix
(2720 EL.U/ml inactivated hepatitis A antigen and
20 pg/mL recombinant hepatitis B surface antigen
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[HBsAg])at 0, 7, 21 to 30 days, and 12 months; and
group 2 comprised subjects who received separate
injections of the hepatitis A vaccine, Havrix (21,440
EL.U/mL inactivated hepatitis A antigen) at ¢ and
12 months, and the hepatitis B vaccine, Engerix-B
(20 pg/mL recombinant HBsAg) at 0, 1, 2, and 12
months, respectively. All vaccines were given intra-
muscularly in the deltoid muscle (right side for
Havrix and left side for Engerix-B and Twinrix).
Subjects were screened for HBsAg and for anti-
bodies to HAV, HBs, and hepatitis B core (FHBc)
antibodies before the first dose of vaccine. For
group I subjects, additional blood samples for anti-
HAYV and anti-HBs antibodies were drawn at days
7,14,21t030,and 37,and months 3, 12, and 13. For
group 2 subjects, blood samples were taken on days
14, 30,and 37, and months 3, 12, and 13. After study
entry, all blood samples taken after vaccination were
analyzed by the GlaxoSmithKline Biologicals labo-
ratories in Rixensart, Belgium. Quantitative en-
zyme immunoassays were used to test for anti-HAV
(anti-HAV Behring) and anti-HBs (AUSAB/Abbott).

Study Population

Subjects were healthy adults (aged 218 years) who
were seronegative foranti-HAV, anti-HBs, and anti-
FHBc antibodies, and for HBsAg. Pregnancy was an
exclusion criterion and female subjects were required
to be of non-childbearing potential or required to
use adequate contraception. Other exclusion criteria
included a history of hepatitis A or B, exposure to
hepatitis A or B (confirmed by serology atscreening),
and previous hepatitis A or B vaccination.

Immunogenicity Assessments

The primary study objective was to demonstrate
that the immunogenicity of the combined hepa-
titis A and B vaccine was not inferior to that of the
monovalent vaccines with respect to seroprotection
rate against FIBsAg, seroconversion rate for anti-
HAV, and anti-HBs and anti-HAV geometric mean
antibody concentrations (GMC) measured at
month 13, 1 month after the Jast dose of vaccine.
Secondary objectives included safety and assess-
ment of anti-HBs seroprotection and seroconver-
sion rates for anti-HAV antibodies at all other
blood-sampling time points.

Seropositivity rate for anti-HAV antibodies was
defined as the percentage of subjects with antibody
concentrations of 215 mIU/mL and for anti-HBs
23.3 mIU/mL. Seropositivity rate for anti-HAV
antibodies was considered equivalent to serocon-
version rate as all enrolled subjects were seronega-
tive atstudy entry. Seroprotection rate for anti-HBs
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antibodies was defined as the percentage of subjects
with antibody concentrations of 210 mIU/mi.

Reactogenicity and Safety Assessments

Adverse events (AEs) were recorded throughout the
study. Subjects recorded solicited Alls on diary
cards during a 4-day post-vaccination follow-up.
Solicited AEs were graded 1 to 3, with grade 3 rep-
resenting a severe AE. Redness and swelling were
scored by measuring the longest diameter (in mm}
and classified as severe at a diameter >50 mm. Fever
>39°C was classified as severe, as were other solic-
ited AFs that prevented normal daily activities.
During the 6-month safety follow-up, serious ad-
verse events (SAILsy were recorded.

Statistical Analysis
Safety was analyzed on the total vaccinated popula-
tion, which included all subjects with at least one
vaccine administration. Immunogenicity was ana-
lyzed on the according-to-protocol (A'TP) cohort,
which included all evaluable subjects (ie, those
meeting all eligibility criteria, complying with the
procedures defined in the protocol, with no elimi-
nation criteria assigned to them, and who had data
available for immunogenicity end-point measures).
Determination of statistical power was based on
the primary end points. A total of 204 evaluable
subjects per group was needed to achieve an overall
power of 90% to reach all primary objectives simul-
taneously. A total of 240 subjects per group were
planned to allow for 15% dropout rate. For the pri-
mary objectives at month 13, noninferiority of the
combined hepatitis A and B vaccine compared to
the monovalent vaccines with respect to anti-IHBs
seroprotection rates and anti-HAV seroconversion
rates would be concluded if the upper limit of the
two-sided standardized asymptotic 95 % confidence
intervals (Cls) for the difference between groups
Havrix + Engerix-B group minus the T'winrix group
was lower than the predefined noninferiority limit
of 7%. For anti-HBs antibody GMC and anti-HAV
antibody GMC, combined hepatitis A and B vac-
cine was considered noninferior to monovalentvac-
cines if the upper limit of 95% CI for the ratios of
GMCs (the Havrix + Engerix-B group divided by
the Twinrix group) at month 13 was lower than the
predefined noninferiority limit of 2.

Results

Study Population and Disposition
A total of 496 subjects (group [, » = 250; group 2,
n = 246) were enrolled in the study: 253 enrolled
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in the United States and 243 in the European
Union. Baseline demographic characteristics were
similar in the two groups.

Immnunogenicity i

Anti-HBs and anti-HAV immunoresponse data at
all time points are summarized in Figorel and
Table 1. There were no major differences in immu-
noresponse between the total vaccinated cohortand
the ATP population at any time point for any of the
vaccines.

Anti-HBs Response

At month 13, seroprotection rates in both groups
were over 93%. Because the upper limit of the stan-
dardized asymptotic two-sided 95% Cl on the dif-
ference between the groups, 1.49%, was less than
the predefined limit of 7%, noninferiority could be
concluded. Rates were comparable between groups
at all other matched time points except for day 37,
where the combined vaccine demonstrated a signif-
icantly (p < 0.001) better response (Table 1). At this
time point, seroprotection was achieved in 129 sub-
jects (63.2%) in the combined vaccine group com-
pared with 90 subjects (43.5%) in the monovalent
vaceine group. At month 13, noninferiority of the
anti-HBs GMC ratio was demonstrated (Table2).

—— HAB/ANti-HAV SC rate
<o - HAV+HBV/ANY-HAV 5C rate
—u— HAB/Anti-HBs 5P rate
—— HAV+HBV/Anti-HBs SP rate

for Hepatitis B (%)

0 T 1 T 1 T T T T T T T T T 1
2 3 4 5 6 7 & 9 10 11 12 13 14
Blood sampling time point (months})

Seroconversion for Hepatitis A/Seroprotection

Figure 1 Seroprotection rates for anti-hepatits B
surface antigen antibodies and seroconversion rates for
anti-hepatitis A virus after vaccination with combined
hepatitis A and B wvaccine (Twinrix) or separately
administered monovalent vaccines (Havrix + Engerix-
B) over time (according-to-protocol irmmunogenicity
cohort). Seroconversion for anti-HAV antibodies was
defined as an antibody concentration =15 mIU/mlL;
seroprotection for anti-FBs antibodies was defined as
an antibody concentration 210 mIU/ml. SC =
seroconversiomn; SP = seroprotection.
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Table 1  Anti-ITAV seroconversion rate and anti-ITBs seroprotection rate after vaccination with combined
hepatitis A and B vaccine (T'winrix) or separately administered monovalent vaccines (Havrix + Engerix-B)

(according-to-protocol immunogenicity cohort)

Group 1: Twinrix,

Group 2: Flavrix+

Difference: group 2-group 1, %

N (%) Engerix-B, N(%) p Value (95% confidence interval)

SC for anti-HAV

Day 37 204 (98.5) 207 (98.6) 1.000 0.02 (-2.88 t0 2.95)

Month 3 203 (100.0) 206 (95.60) 0.004 ~4.37 (-8.09 to -2.32)

Month 12 195 (96.9) 198 (86.9) <0.001 ~10.05 (-15.82 to -4.93)

Month 13 194 (100.0) 197 (100.0) 1.00¢ .00 (-1.91 to 1.94)
SP for anti-HBs

Day 37 204 (63.2) 207 (43.5) <0.001 ~19.76 (-28.99 to ~10.16)

Month 3 202 (83.2) 206 (76.7) 0.110 -6.47 (-14.25 to0 1.32)

Month 12 195 (82.1) 198 (77.8) 0.315 427 (-12.22 10 3.69)

Month 13 194 (96.4) 197 (93.4) 0.251 -2.99 (-7.80 to 1.49)

Seroconversion for ant-JJAV antibodies was defined as an antibody concentration 215 mIU/ml,; seroprotection for anti-HEBs antibodies was de-
fined as an antibody concentration 210 mIU/mL. Twinrix: 0, 7, 21 to 30 d, and 12 mo; Havrix: 0 and 12 mo; Engerix-B: 0, 1, 2, and 12 mo.
Anti-HAV = anti-hepatitis A virus; anti-HBs = anti-hepatitis B surface antigen; SC = seroconversion; SP = seroprotection.

The upper limit of the 95% CI for the anti-FBs
GMC ratio (the Havrix + Engerix-B vaccine group
divided by the Twinrix vaccine group) was 0.98,
which was lower than the predefined clinical limit
for noninferiority of 2.

Amnti-HAV Response

Rates were comparable between groups at all other
matched time points except for months 3 and 12,
when the combined vaccine demonstrated a signifi-
cantly (p < 0.05 and p < 0.001) better response
(Table1). Noninferiority of the Twinrix vaccine
administered on an alternate schedule compared to
the Havrix + Engerix-B vaccine group with respect
to the anti-HAV seropositivity rates at month 13
was demonstrated: the upper limit of the standard-
ized asymptotic two-sided 95% CI for the differ-
ence between the Havrix + Engerix-B vaccine group
and (minus) the T'winrix vaccine group was 1.94%,

which was less than the predefined clinical limit for
noninferiority of 7%. Noninferiority was also dem-
onstrated with respect to the anti-HAV GMCs.
The upper limit of the 95% CI for the ant-HAV
GMC ratio (Havrix + Engerix-B vaccine group di-
vided by the Twinrixvaccine group) was 0.56, which
was lower than the predefined clinical limit for non-
inferiority of 2.

Reactogenicity

Reactogenicity data for the 4-day postvaccination
period (days 0-3) were obtained from subject symp-
tom diary cards, with 2,001 doses of vaccines ad-
ministered in 496 subjects. Overall, 65.6% of the
subjects in the Twinrix group and 67.9% in the
Havrix + Kngerix-B vaccine group reported at least
one local symptom. General symptoms were also
reported with similar frequency in the Twinrix
(58.0%) and the Havrix + Engerix-B vaccine groups

Table 2 Antibodies to anti-HAV and anti-HBs GMC after vaccination with combined hepatitis A and B
vaccine (I'winrix) or separately administered monovalent vaccines (Favrix + Engerix-B) (according-to-protocol

immunogenicity cohort)

Group 1: Twinrix

Group 2: Havrix + Engerix-B

GMC ratio: group 2/group I,

N Value N Value pValue ratio {95% confidence interval)

GMC for anu-HAV ;

Day 37 204 454.6 207 241.7 <(LO0E 0.53 (0.43-0.66)

Month 3 203 480.6 204 120.7 <0.001 0.25(0.21-031)

Month 13 194 7110.5 197 32357 <0.00¢ 0.46 (0.37-0.56)
GMC for anti-HBs

Day 37 204 15.7 207 7.5 <(.001 0.48 {0.33-0.69)

Month 3 202 53.4 206 §2.2 0.908 (.98 {0.65~1.46)

Month 13 194 7648.1 197 43809 0.044 0.57 {0.33-0.98)

Twinrix: 0,7, 21 to 30 d, and 12 mo; Havrix: ¢ and 12 mo; Engerix-B: 0, 1, 2, and 12 mo. Anti-IAV = anii-hepatitis A virus; anti-HBs = anti-hepatitis

B surface antigen; GMC = geometric mean concentration.
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(60.6%). Furthermore, no trends were seen in the
proportion of doses followed by general solicited
symptoms (fatigue, gastrointestinal, headache, fe-
ver) (Table3). Fatigue was the most common of
these general solicited symptoms, and fever was re-
ported in only a small number of subjects. In both
groups, grade 3 general solicited symptoms were
rarely reported (0.2%~1.2% of doses).

Overall, similar numbers of doses in each group
were followed by at least one unsolicited AE in the
30-day postvaccination period: combined vaccine
group, 12.5% (95% CI: 10.5-14.7) and Havrix +
Engerix-B, 14.5% (95% CI: 12.3-16.9). Unsolic-
ited symptoms were rarely assigned by the investi-
gators to be causally related to vaccination: 2.2%
(95% C11.3-3.3) for Twinrix and 3.3% (95% CI:
© 2.2-4.6) for Havrix + Engerix-B.

During the active phase of the study, 22 SAEs
were reported in 12 subjects: three subjects in the
T'winrix group reported 1 SAE each and nine sub-
jectsin the Havrix + Engerix-B group reported a to-
tal of 19 SAEs. In the 6-month safety follow-up
phase, 16 SAEs in 14 subjects (eight subjects in the
Twinrix group and six in the Havrix + Engerix-B
group) were collected. No SAEs were considered
causally related to vaccination.

Discussion

Vaccination with the combined hepatitis A and B
vaccine {I'winrix} administeredon a 0, 7, and 21 to
30 days schedule plus booster at 12 months was at
least as immunogenic as equivalent monovalent
vaccines 1 month after completion of the respective
schedules (Havrix: 0 and 12 months; Engerix-B: 0,
1, 2, and 12 mo). At day 37, after the first doses of
vaccines, seroprotection for anti-HBs antibodies
was significantly (p < 0.001) better with combined
hepatitis A and B vaccine than with monovalentvac-

Table 3
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cines. This improvement is likely attributable to the
accelerated schedule, consistent with published re-
sults from studies with monovalent hepatitis B vac-
cines,'* but could also relate to the higher rates of
seroprotection against hepatitis B seen with com-
bined versus monovalent vaccines.'*#' Seroconver-
sion for anti-IHAV antibodies approached 100% for
combined and monovalent vaccines at this time
point. Both schedules were similarly well tolerated.
Excellent immunogenicity and tolerability with the
combined vaccine have been shown in previous
studies,**»* with similar immunogenicity and re-
actogenicity profiles observed between conven-
tional and accelerated schedules with the combined
hepatitis A and B vaccine.”**# In particular, local
and general symptoms reported in the currentstudy
were consistent with those reported previously for
both the combined vaccine (Twinrix) and for the
monovalent vaccines (Havrix and Engerix-B) ad-
ministered concurrently, %249

Both heparitis A and hepatitis B should be con-
sidered travelers’ discases because risk factors (eg,
sexual exposure) and endemicity may overlap.2é For
international travelers to areas endemic for both
hepatitis A and hepatitis B, the risk for hepatitis A
and B infection may not be solely dependent on
length of stay as short-term travelers can also be at

. risk. 2" Fransmission of HAV can readily occur via

contaminated food and water,? whereas HBV can
be transmitted by sexual contact® or by exposure to
invasive medical procedures, and skin-perforating
cosmetic procedures.’™! Studies have shown 10%
to 15% of persons are voluntarily or involuntarily
exposed to blood and bodily fluids when traveling
abroad.*®*

Only a minority of American adults has acquired
immunity to hepatitis A or B, and many travelers
may be unaware of, or unwilling to discuss, high-
risk behaviors. Vaccination can help protect

Incidence of solicited symptoms reported during 4-day post-vaccination period by dose overall

Symptoms overall/dose % {(95% CI)

Group 1

Group2

Twinrix (N =962}

Havrix (N =467)

Engerix-B (N=939)

36.2 (31.8-40.7) 26.8 (24.0-29.8)
11.6 (8.8-14.8) 8.9 (7.2-11.0)

3.9(2.3-0.00 3.4(2.3-4.8)

Havrix + Engerix-B (N = 940)

Pain 33.0(30.0-36.0)
Redness 1.3 (94-13.9)
Swelling 5.1(3.8-6.7)
Twinrix (N=962)
Fatigue 18.6 (16.2-21.2)
Gastrointestinal 7.5 (5.9-9.3)
Headache 144 (12.3-16.8)

Fever (oral temperature »37.5°C) 0.9 (0.4-1.8)

210 (18.4-23.7)
6.7 (5.2-8.5)

15.1 (12.9-17.6)
1.6 (0.9-2.6)

CI = confidence interval; N = number of doses for which a symptom sheet was available.

F Travel Med 2007; 14: 9-15
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against the risks of both hepatitis A and B.?® Fur-
thermore, an accelerated schedule with combina-
tion vaccines may enhance adherence to, and
completion of, vaccination schedules.’® An accel-
erated schedule with combined hepatitis A and B
vaccine, which has been used in the European
Union for almost a decade, may benefit the last
minute traveler who cannotadhere to the schedules
for the currently available monovalent vaccines.

Previous studies of combined hepatitis Aand B
vaccine have shown good levels of HBV seropro-
tection and HAV seroconversion on completion
of the full schedule.'#*1"#2% On an accelerated
schedule, three doses of the combined hepatitis A
and B vaccine will have been received by 1 month,
rather than only two doses by the currently li-
censed US schedule for the combined vaccine.
‘T'he accelerated schedule has the advantage of re-
quiring less time between doses and may reduce
the likelihood of nonadherence to the vaccine
schedule. In addition, the accelerated schedule
provides a favorable option for those at imminent
risk for hepatitis A and B, such as the last minute
traveler, prison inmates, military personnel, and
first responders in disaster situations. Further-
more, the benefits of the accelerated schedule are
most apparent by 37 days in the current study,
when 20% more subjects achieved seroprotection
for anti-HBs antibodies with combined hepatitis
A and B vaccine than with monovalent vaccines,
and seroconversion for anti-HAV antibodies ap-
proached 100%. Previous investigators have high-
lighted the benefits of the accelerated schedule
with combined hepatitis A and B vaccine at 1
month.? It is important that the fourth (booster)
dose of combined vaccine is offered at 12 months
to provide long-term protection against hepatitis
A and hepatitis B, although doing so may be more
of a challenge with respect to prison inmates or in-
travenous drug users than for either travelers or
healthcare workers.

The results of this study demonstrate that com-
bined hepatitis A and B vaccineona0,7,and 21 to
30-day schedule with booster injection at 12
months provides equivalent levels of seroconver-
sion/seroprotection for hepatitis A and B, with a
reactogenicity profile similar to monovalent vac-
cines. Furthermore, at day 37, seroprotection and
GMCs for anti-HBs were significantly (p < 0.001)
better for combined hepatitis A and B vaccine than
monovalent vaccines. Therefore, a combined hep-
atitis A and B vaccine administered according to an
accelerated vaccination schedule may represent the
preferred option for individuals at imminent risk

J Travel Med 2007; 14: 9-15
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for hepatitis A and hepatitis B. These include trav-
elers to countries endemic for hepatitis A and hepa-
titis B, prison inmates, military personnel,
emergency care first responders to disaster areas,
persons with high-risk sexual behavior, and intra-
venous drug users.
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