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Background. No immunogenicity data has been reported after a single dose of the quadrivalent HPV vaccine (QHPV-
Gardasil®) and no data are available on co-administration of this vaccine with the HAV/HBV vaccine (Twinrix-Junior®). Two
pre-licensure studies reported similar anti-HPV but lower anti-HBs titers when co-administering HPV and HBV vaccines.

Objectives. To assess the immunogenicity of the gHPV and HAV/HBV vaccine when co-administered (Group-Co-adm)
or given one month apart (Group-Sep) and to measure the persistence of HPV antibodies three years post-second dose
of qHPV vaccine in both study groups.

Methods. 416 9-10 year-old girls were enrolled. Vaccination schedule was 0-6 months. Anti-HAV and anti-HBs were
measured in all subjects 6 months post-first dose and 1 month post-second dose. Anti-HPV were measured 6 months
post-first dose in Group-Co-adm and in all subjects 1 and 36 months post-second dose.

Results. Six months post-first dose: 100% of subjects had detectable anti-HAV and 56% and 73% had detectable anti-
HBs in Group-Co-Adm and Group-Sep, respectively. In Group-Co-adm 94, 100, 99 and 96% had detectable antibodies
to HPV 6, 11, 16 and 18, respectively. One month post-second dose of gHPV and HAV/HBV vaccine, in both study groups
99.5-100% of subjects had an anti-HAV titer > 20I1U/L, 97.5-97.6% an anti-HBs level > 101U/L, and 100% had an anti-HPV
titer > 3LU. Thirty-six months post-second dose of qHPV all but four subjects (99%) had antibodies to HPV18 and 100%
had antibodies to HPV6, 11 and 16. The great majority (97-100%) had an anti-HPV titer > 3 LU. Post-second dose adminis-
tration of gHPV and HAV/HBV, no meaningful difference was observed in the immune response in the two study groups
to any component of vaccines.

Conclusions. The results indicate that gHPV and HAV/HBV can be given during the same vaccination session. Two
doses of of gHPV and HAV/HBV vaccines induce a strong immune response. Three years post-second dose of qHPV, the
great majority of subjects had antibodies to HPV types included in the vaccine. A two-dose schedule for pre-adolescents

might be a reasonable alternative to the currently approved three-dose schedules.

Introduction

The approved schedules for human papilloma virus (HPV)
vaccines (QHPV (Gardasil®) and bHPV (Cervarix®)) include
three doses administered at 0, 1-2 and 6 m. The first two doses
given within a relatively short period of time are expected to
prime the immune system and the third is expected to confer
long-lasting immunity.! When given according to this schedule to
16—45 y old females, HPV vaccines have been shown to be highly

*Correspondence to: Vladimir Gilca; Email: viadimir.gilca@inspg.qc.ca

immunogenic and protect against persistent infection, anogeni-
tal warts and precancerous abnormalities.*'’ Post-licensure trials
with bHPV showed that > 98% of 15-25 y old females developed
antibodies to HPV 16 and HPV 18 which remain detectable up
to 76 mo after a single vaccine dose.® In addition, a significant
increase in antibody titers resulted from a second dose of vaccine
and high clinical efficacy was demonstrated in individuals who
received less than three vaccine doses.** Finally, in preadolescents
and adolescents, both HPV and combined HAV/HBV vaccines
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416 subjects enrolled
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Figure 1. Participants flowchart
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are more immunogenic than in young adults’'® and therefore it is

possible that preadolescents may require less than three doses to
ensure long-term protection.'"

In most Canadian provinces and in some other countries,
HPV and hepatitis B virus (HBV) vaccines are co-administered
to school age children. Two studies have shown that the co-
administration of these vaccines result in similar levels of seropro-
tection against HBV, although anti-hepatitis B surface antigen
(anti-HBs) geometrical mean titers (GMTs) were 30—-60% lower
when the vaccines were co-administered compared with those
who received the vaccines separately.”'® In the province of
Quebec, the qHPV vaccine and the combined hepatitis A and
hepatitis B vaccine (HAV/HBYV vaccine (Twinrix-Junior®)) are
co-administered in a two-dose schedule (0, 6 mo) to 9-10 y old
girls and it was deemed necessary to assess the potential interfer-
ence of vaccine co-administration on the levels of induced anti-
body to each vaccine.

The main objectives of this study were to compare the immu-
nogenicity of gHPV and HAV/HBYV vaccine when administered
simultaneously or one month apart and to assess the persistence
of type-specific HPV antibodies 36 mo post-second dose of
qHPV vaccine.

Methods

Population and study design

This was an open-label, randomized, single center clinical
trial. In 2008-2009, subjects were randomized 1:1 (by using
SAS Institute software; blocks of 25 subjects per study group
were generated) to receive qHPV and combined HAV/HBYV vac-
cines during the same vaccination session (Group Co-adm; co-
administration of qHPV and HAV/HBYV; two separate injections
in opposite deltoids) or one month apart starting with the HPV
vaccine (Group Sep; separate administration of qHPV and HAV/
HBV). Nine to ten year-old girls eligible for provincial school-
based HPV and HAV/HBV vaccination were invited to partic-
ipate. The exclusion criteria included: previous HPV, HAV or
HBYV vaccination; a history of an illness which results in immu-
nodeficiency; immunosuppressive therapy; a coagulopathy and/
or the use of anticoagulant therapy; a history of having received
immunoglobulin or other blood derived products during previ-
ous 6 moj; participation in another clinical trial during last 6 mo;
or a history of an anaphylactic reaction to a component included
in the study vaccines.

The sample size was calculated based on previously reported
data on seroconversion rates after two doses of gHPV and HAV/
HBV vaccine.®"7!8 A sample size of 145 subjects per group was
estimated to be sufficient to assess non-inferiority between the
two groups assuming a seroconversion rate for HPV and HAV/
HBV of 98% with a power of at least 80% and a level of sig-
nificance of 5%. This sample size was also estimated to be suffi-
cient to detect a difference of 0.33 (small to moderate size effect)
between the GMTs responses. Based on an anticipated 5% loss

of subjects per year,””* an enrolment of 200 subjects per study
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Table 1. Baseline socio-demographic characteristics of the subjects

Characteristic Group Co-adm Group Sep
Female 213 (100%) 203 (100%)
Age (years)
Mean 9.6 9.6
Median 9.5 9.6
Range 9.0-10.8 9.0-10.9
Body mass index 17.3 174
Race/ethnicity
Caucasian 98.6% 98.4%

group was necessary to ensure that 145 evaluable subjects per
study group would complete the second phase of the study in
2012.

The study was approved by the Research Ethics Board of
the Laval University Hospital Center and by the Ethics Board
of Centre de santé et de services sociaux de la Vieille-Capitale.
Written informed consent was obtained from the parents or legal
guardians, and an assent from participating children. This scudy
is registered with ClinicalTrials.gov, NCT01456715.

Vaccine administration and blood sampling

One commercial lot of qHPV (NG31270) and one of com-
bined HAV/HBYV vaccine (AHABB118AD) were used in this
study. Both vaccines were provided by the Quebec Ministry of
Health and Social Services. The same vaccines lots were used in
provincial school-based immunization program. Vaccines were
administered intramuscularly in the deltoid at dosages recom-
mended by the manufacturers. Blood samples were collected 6
mo post-first dose of HAV/HBV and qHPV vaccine in Group
Co-adm and 6 mo post-first dose of HAV/HBYV vaccine in Group
Sep. Blood samples were also collected in both study groups 1 and
36 mo post-second dose of each vaccine administration (Fig. 1).
This study design was chosen in order: 1) to optimize partici-
pant retention in the study (aiming at a maximum of three blood
samples collected from each participant); 2) to generate immuno-
genicity data post-first dose of gHPV (in Group Co-adm); 3) to
be able to make comparisons of immune response observed in the
two study groups six months post-first dose of combined HAV/
HBV vaccine; and 4) to be able to compare immunogenicity data
observed in the two study groups one month post-second dose
administration (for anti-HPV, anti-HAV and anti-HBs). Given
that in a previous study® we assessed the long-term persistence
of immunity after two doses of the same combined HAV/HBV
vaccine administered to the same age group according to the
same schedule, it was decided to test blood samples collected 36
mo post-second dose for the presence of anti-HPV only. Limited
financial resources available were also taken into consideration
when designing this study. Ten milliliters of blood were collected
at each study time point.

Laboratory procedures

Quantitative HPV type specific antibody levels were mea-
sured using the Luminex Total IgG assay. The assay performance
was validated using 140 blinded specimens which were previously
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Table 2. Anti-HAV and anti-HBs seropositivity/seroprotection rates and GMTs (ATP analysis)

Results 6 mo after 1st dose of HAV/HBV vaccine* 1 mo after 2nd dose of HAV/HBV vaccine
Group Co-adm Group Sep Group Co-adm Group Sep
n =207 n=199 n =207 n=199
(95%Cl) (95%Cl) (95%Cl) (95%Cl)
. 100% 100% 100% 100%
Anti-HAV + (98.3-100) (98.2-100) (98.2-100) (98.2-100)
. 67.1% 72.9% 100% 99.5%
Anti-HAY 2 201U/ (60.3-73.4) (66.1-78.8) (98.2-100) (97.2-99.9)
Anti-HAV 30.5 1U/L 38.21U/L 2962 IU/L 2129 1U/L
GMTs (27.1-34.3) (33.4-43.6) (2598-3379) (1808-2507)
Anti-HBs + 56.5% 72.9% 98.1% 99.0%
(49.5-63.4) (66.1-78.9) (95.1-99.5) (96.4-99.9)
. 43.5% 59.3% 97.6% 97.5%
Anti-HBs = 101U/L (36.6-50.5) (52.1-66.2) (94.5-99.2) (94.2-99.2)
Anti-HBs 7.31U/L 12.51U/L 1701 1U/L 2005 IU/L
GMTs (5.8-9.2) (9.8-15.8) (1339-2159) (1585-2536)

*HAV/HBV vaccine — Twinrix-Junior’

tested by the Merck cLIA, Merck TIgG and a HPV 16 and 18
pseudovirus assay implemented by the BC Centre for Disease
Control, British Columbia, Canada.”’ HPV antibody titers are
reported in Luminex Units (LU). Anti-HBs was measured by
the MONOLISA Anti-HBs EIA and MONOLISA Anti-HBs
Calibrator Kit (Bio-Rad Laboratories). Anti-HAV was measured
by HAV Total Assay EIA (BIO-Rad Laboratories). Commercial
assays were performed using the manufacturers recommended
protocols. Samples displaying signals at the upper limit of the
respective assay’s linear range were diluted in specimen dilution
buffer and retested to determine the final antibody concentra-
tion. Positive and negative quality control sera were included in
each assay run to monitor inter- and intra-run performance and
assure the quantitative validity of the results.

Data analysis

We assessed the proportion of subjects with detectable anti-
HPV, anti-HBs and anti-HAV in samples collected in the
two study groups at the different study time points with 95%
Clopper-Pearson confidence intervals. An anti-HBs titer equal or
greater than 10 IU/L was considered seroprotective.??

There is no consensus regarding the levels of anti-HPV that
are seroprotective. We selected a threshold of 3 LU because it
correlated best with results obtained with the three assays which
were used to cross validate the Luminex assay (r > 0.9). Similarly,
there is no consensus regarding anti-HAV seroprotective levels.
We arbitrarily used the threshold of 20 IU/L as a proxy for sero-
protection for anti-HAV*# and defined a priori for all study vac-
cines an anamnestic response as a > 4-fold rise in antibody level.
For subjects with anti-HBs titers under 10 IU/L, a level above
this threshold was also required to be considered as an anam-
nestic response. Log-transformed antibody levels were used for
geometrical mean titers (GMTs) calculation. To allow GMTs
calculation, samples with undetectable antibodies were assigned
the arbitrary value of 1 TU/L. Fisher’s exact test was used for the
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comparison of antibody distribution and Wilcoxon test was used
for continuous variables. All statistics were two-tailed. P values
0f 0.05 or less were considered significant. Bonferroni correction
was used to counteract multiple comparisons. SAS Institute soft-
ware version 9.2 (Cary, NC, USA) was used for statistical anal-
ysis. All available serological results were included in the Total
Vaccinated Cohort (T'VC) analysis. The results of subjects who
had two serological results available in 2008—2009 and of those
who had three serological results available in 2011-2012 were
included in the According to Protocol (ATP) analysis.

Results

Study participation

Among the 671 potential participants contacted by a research
nurse, 420 agreed to participate and 416 met the study inclusion
criteria and were enrolled. The baseline socio-demographic char-
acteristics of the study subjects at the first visit are presented in
Table 1. The study flowchart is presented in Figure 1.

The differences between the TVC and ATP immunogenicity
results were minimal and not statistically significant. We present
here the According to Protocol results only.

HAV immunogenicity results

Six months post-first dose of HAV/HBV vaccine all sub-
jects (100%) had detectable anti-HAV levels and 67.1% (Group
Co-adm) and 72.9% (Group Sep) an anti-HAV of > 20 IU/L.
Anti-HAV GMTs were 30.5 and 38.2 IU/L in Group Co-adm
and Group Sep, respectively (all P> 0.05) (Table 2).

One month post-second dose of HAV/HBV vaccine, 99.5—
100% of subjects had an anti-HAV level of > 20 IU/L. A 56-97-
fold increase of anti-HAV GMTs was observed post-second dose
administration (Table 2). An anamnestic response post-second
dose was observed in 98.5-99.5% of subjects.
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Table 3. Anti-HPV GMTs at different study time points (LU*; 95% Cl; ATP analysis)

GMTs 6 mo after 1st dose of 1 mo after 2nd dose of gHPV vaccine 36 mo after 2nd dose
qHPV vaccine** of qHPV vaccine
Group Co-adm Group Co-adm Group Sep Group Co-adm Group Sep
n =207 n =207 n=199 n=182 n=177
Anti-HPV 6 11 1103 1220 77 85
(10-14) (989-1230) (1094-1362) (66-91) (72-101)
Anti-HPV 11 71 3897 4136 308 336
(62-81) (3575-4248) (3773-4533) (268-353) (291-388)
Anti-HPV 16 42 3287 3543 286 330
(36-49) (2977-3628) (3224-3893) (243-336) (283-384)
Anti-HPV 18 12 887 993 45 60
(10-14) (791-994) (890-1109) (37-55) (50-71)

*LU- Luminex Units; **qHPV vaccine - Gardasil

HBYV immunogenicity results

Results for anti-HBs in the two study groups were differ-
ent post-first dose of HAV/HBV vaccine but not post-second
dose. With separate administration of the first dose of HAV/
HBYV and HPV vaccine, there was a higher proportion of sub-
jects with detectable anti-HBs (72.9% vs. 56.5%; P < 0.0001)
or a seroprotective anti-HBs level (59.3% vs. 43.5%; P = 0.02).
The GMTs were 12.5 IU/L and 7.3 IU/L in Group Sep and
Group Co-adm, respectively (P = 0.053) (Table 2). One month
post-second dose, no statistically significant difference per-
sisted between the two study groups (all 2 > 0.05). In both
study groups, 98.1-99% of subjects had detectable anti-HBs
and 97.5-97.6% a seroprotective anti-HBs level. A 158-234-
fold increase of anti-HBs GMTs were observed post-second
dose administration (Table 2). An anamnestic response was
observed in 97.0- 97.6% of subjects.

HPV Immunogenicity results

Six months post-first dose of gHPV vaccine administration
(Group Co-adm) and before the second dose, 94%, 100%, 99%
and 96% had detectable antibodies and 87%, 100%, 99%, and
86% had an anti-HPV titer > 3 LU to HPV 6, 11, 16 and 18,
respectively. The GMTs were 11, 71, 42 and 12 LU for HPV 6,
HPV 11, HPV 16 and HPV 18, respectively (Table 3).

One month post-second dose of gHPV vaccine, all subjects
(100%) in both study groups had an antibody titer > 3 LU to all
4 HPV types included in the vaccine. A 55 to 100-fold increase
of GMTs was observed post-second dose administration when
compared with pre-second dose (6 mo postfirst dose). No sta-
tistically significant difference was observed in anti-HPV sero-
positivity rates or GMTs in the two study groups (Table 3). A
> 4-fold antibody level increase post-second dose administration
was observed in 98-99% of subjects. The 6 subjects who did not
have at least a 4-fold anti-HPV titer increase already had high
titers pre-second dose. All 17 subjects with undetectable antibod-
ies 6 mo post-first dose showed an anamnestic response post-
second dose, with antibody titers varying from 79 to 2901 LU.

Thirty-six months post-second dose of qHPV vaccine all but
four subjects (99%) had detectable antibodies to HPV 18 and
all (100%) had detectable antibodies to HPV 6, 11 and 16. The
great majority (97-100%) had also an anti-HPV equal or greater
than 3 LU (Fig. 2). GMTs varied from 45 to 336 LU depending
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on the HPV type (Table 3). These GMTs were 11 to 18-fold
lower when compared with those observed one month post-sec-
ond dose.

Discussion

To our knowledge, this is the first clinical trial assessing the
potential interference when co-administering qHPV and com-
bined HAV/HBYV vaccine. For anti-HBs seroconversion/seropro-
tection and anti-HBs GMTs, our results are consistent with those
previously reported.’*'> Namely, post-first dose of vaccine lower
seroprotection/seroconversion rates and lower anti-HBs GMTs
were observed when the two vaccines were co-administered when
compared with administration of the two vaccines one month
apart. However, in our study the above mentioned differences
were no longer statistically significant post-second dose admin-
istration. It is of note that the GMTs observed one month post-
second dose in the co-administration group was 170-fold higher
than the recognized seroprotective threshold for hepatitis B.*?
Similarly, the anti-HAV GMTs in both study groups were more
than 100-fold higher than the antibody titers cited in several
publications as seroprotective.?** Thus, the differences in anti-
HAV and anti-HBs GMTs observed one month post-second dose
of vaccine should have no clinical significance.

This study is also the first to assess the presence of antibodies
after a single dose of the qHPV vaccine. Six months after a single
dose of gHPV vaccine, the great majority of subjects (94-100%
n = 207) had detectable anti-HPV to genotypes included in the
vaccine and subjects without detectable antibodies demonstrated
an anamnestic response post-second dose of vaccine. The high
magnitude of the immune response to the second dose of qHPV
(55-100-fold increase in the GMTs) indicates excellent priming
after a single dose of vaccine. Given these results, preadolescent
girls vaccinated with qHPV appear well protected by two-doses
administered at 0 and 6 mo and, in absence of the immediate
risk of being infected the second dose of the three doses schedule
(0, 2, 6 mo) does not seem necessary. The kinetics of antibodies
observed during the first three years post-second dose is similar
to those reported after three doses in older females in which vac-
cine efficacy was demonstrated.®?® Additionally, the pattern of
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Figure 2. Proportion of subjects with detectable HPV antibodies and with anti-HPV titer = 3 LU ‘

antibody kinetics in our study is consistent with that reported
recently in another Canadian study which compared the immu-
nogenicity of two-dose schedule (0—6 mo; given at the age of
9-13) with that observed after three-dose schedule (0—2-6 mo;
given at the age of 9-13 or 16-26)* and with those observed in
a study conducted in Vietnam with alternative three-dose sched-
ules (0-2-6; 0-3-9; 0—6-12 and 0—-12—24 mo; with the start of
vaccination at the age of 11-13)."® Although direct comparison
of results among these three studies cannot be done because of
different study designs, different populations and different labo-
ratory assays used, the high consistency of results reported 32-36
mo after vaccination with two or three doses of gHPV vaccine
are encouraging.

In our study, 4 out of 366 tested subjects (1.1%) had no
detectable antibodies to HPV18- 36 mo post-second dose. This
is also consistent with previous studies’ results observed after two
or three doses of qHPV vaccine when using total IgG assay?"*"%
which has a higher sensitivity when compared with Merck cLIA
assay, especially for the detection of antibodies to HPV18.%"

As data from previous follow-up studies indicate an excellent
protection even in individuals with very low or undetectable post-

vaccination antibodies,?*3°

the excellent persistence of antibod-
ies in preadolescent girls vaccinated three years earlier with two
doses of qHPV suggests that their protection will be retained. At
present, the duration of HPV vaccine induced protection remains
unknown. It is unclear if a booster dose of HPV vaccine will
be required to maintain protection in women who have received
either two or three doses of vaccine. However, if two doses of
HPV could provide similar protection to a three dose schedule,
the resources saved by eliminating a dose could be applied to fur-
ther extend existing HPV immunization programs. Additionally,
the use of two doses schedule makes the program more attractive

www.landesbioscience.com
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financially, less health resource demanding and allows diminish-
ing the number of vaccination related injections.

This study has some limitations. First, immunosuppressed
individuals were excluded from this study and the observed
immune response should not be extrapolated to this popula-
tion. Second, this was a single-center open-label study. However,
participants were randomly assigned to receive the two vaccines
during the same vaccination session or one month apart. Thus,
the open-label design should not have impacted the immuno-
genicity results observed in two study groups. Third, we used
a 0—6 mo vaccination schedule and the results might be differ-
ent when using other vaccination schedules, especially sched-
ules with short intervals between doses (e.g., 0—-1 or 0-2 mo;
when a “prime-prime” effect is expected). Forth, virtually all
subjects in this study were Caucasians and we cannot exclude
that immunogenicity of the alternative schedule we used might
differ in non-Caucasians. However, studies conducted with the
HPV vaccines in Asia and Africa do not indicate any meaningful
difference in immune response in these populations and in the
Caucasian population.’33 Additionally, only girls were eligible to
participate in this study. The decision regarding study population
was based on girls only eligibility to publicly funded provincial
HPV immunization program. Another limitation is that we mea-
sured anti-HPV titers post-first dose only in subjects belonging
to the Group Co-adm. Thus, we cannot exclude that different
results might have been observed after a single dose of qHPV
given alone. However, based on previous studies results which
showed no interference for HPV components when HPV vac-
cines were co-administered with HBV vaccines'?*? our hypothesis
is that when given alone the first dose of qHPV should be at least
as immunogenic as when given in co-administration. Finally,
in this study the presence of antibody and the antibody levels
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were measured 6 mo postfirst dose and by doing so we may have
underestimated the proportion of subjects who seroconverted
and the GMTs that were present 4—6 wk postfirst dose. This
hypothesis is supported by the magnitude of immune response to
the second dose of vaccine observed in subjects with no detect-
able antibody 6 mo post-first dose.

In conclusion, qHPV and combined HAV/HBV can be
given during the same vaccination session. A two-dose schedule
(0, 6 mo) induces a strong immune response to all components
included in these two vaccines. This schedule was therefore
chosen for the Quebec publicly funded school-based immuni-
zation program in preadolescents.*® For gHPV, WHO Strategic
Advisory Group of Experts also recently recommended for con-
sideration a two-dose schedule for preadolescent girls.?
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