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ABSTRACT

Objective To assess incidence of condyloma after two
doses of quadrivalent human papillomavirus (qHPV)
vaccine, by time since first vaccine dose, in girls and
women initiating vaccination before age 20 years.

Design Register-based nationwide open cohort study.
Setting Sweden.

Participants Girls and women initiating qHPV vaccination
before age 20 years between 2006 and 2012. The study
cohort included 264 498 girls, of whom 72 042 had
received two doses of gHPV vaccine and 185 456 had
received all three doses.

Main outcome measure Incidence rate ratios (IRRs) of
condyloma estimated by time between first and second
doses of gHPV in months (m) and age at vaccination,
adjusted for attained age.

Results For girls first vaccinated with two doses before
the age of 17 years, the IRR of condyloma for 0—3 months
between the first and second doses was 1.96 (95% Cl
1.43 10 2.68) as compared with the standard three-dose
schedule. The IRRs were 1.27 (95% Cl 0.63 to 2.58) and
4.36 (95% Cl 2.05t0 9.28) after receipt of two doses with
4-7 months and 8+ months between doses, respectively.
For women first vaccinated after the age of 17 years,
vaccination with two doses of gHPV vaccine and 0-3
months between doses was associated with an IRR of
2.12 (95% Cl 1.62t0 2.77). For an interval of 4—7 months
between doses, the IRR did not statistically significantly
differ to the standard three-dose schedule (IRR=0.81, 95%
Cl 0.36t0 1.84). For women with 8+ months between dose
1 and dose 2 the IRR was 3.16 (95% Cl 1.40to 7.14).
Conclusion A two-dose schedule for gHPV vaccine with
4-7 months between the first and second doses may

be as effective against condyloma in girls and women
initiating vaccination under 20 years as a three-dose
schedule. Results from this nationwide study support
immunogenicity data from clinical trials.

INTRODUCTION

Human papillomavirus (HPV) vaccines are
subunit vaccines containing virus-like parti-
cles, and typically require multiple doses to

Strengths and limitations of this study

» We were able to link vaccination status to disease
outcome on an individual level through use of high-
quality national register-based data.

» Observation studies such as this are able to look at
the pragmatic effectiveness of vaccination in a large
population.

» We did not look at HPV disease outcomes other than
condyloma.

» The majority of girls and women in the cohort had
0-3 months between first and second doses, which
limited the power for other exposure groups in our
study.

» A small proportion of condyloma cases may have
been missed, as some patients will neither seek
hospital care for condyloma nor receive prescription
for treatment, and thus will not be included in the
registers.

confer an immune response,1 therefore, a
three-dose schedule (0, 2, 6 months) was
initially approved by the European Medicines
Agency (EMA). As the immune response has
been shown to be stronger in young girls 9-14
years of age compared with women 15-25
years of age, recommendations to reduce the
number of doses to two have been put forward
for the younger age groups, provided doses
are optimally spaced.Q_6 Thus, in 2014, HPV
vaccines were licensed in a two-dose schedule
for girls aged between 9 years to 14 years with
doses at 0 months and 6 months.””

In Sweden, HPV vaccination was originally
introduced as part of a subsidised three-dose
schedule in 2007 for girls and women aged
13-17 years. Other ages could still be vacci-
nated, but were required to pay the full cost
of the vaccine. In 2012, an organised national
programme was initiated, with girls aged

BM)

FL, etal. BMJ Open 2017;7:€015021. doi:10.1136/bmjopen-2016-015021 1


http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2016-015021
http://dx.doi.org/10.1136/bmjopen-2016-015021
http://dx.doi.org/10.1136/bmjopen-2016-015021
http://crossmark.crossref.org

Open Access 8

10-12 years routinely vaccinated as part of the child-
hood vaccination programme. Catch-up vaccinations
were offered to girls aged 13-18 years. In January 2015,
a two-dose schedule for girls aged 10-13 years was imple-
mented.

Several potential benefits may be conferred by such a
reduced dosing schedule, including increased compli-
ance, lower programme costs and improved logistics.
However, the recommendation for a two-dose schedule
was based on immunogenicity results and does not
take into account the antibody threshold at which HPV
diseases may be prevented—a threshold that has yet to be
identified.” Therefore, observational studies are necessary
to ascertain effects of dose alterations in HPV vaccination
on clinical end points. The use of condyloma as a marker
for vaccine effectiveness is in this context timely, due to
its considerably shorter latency period than precancerous
cervical lesions and cancer. We here investigate whether
optimal timing of two doses of qHPV vaccine could
confer the same level of protection against condyloma as
a standard three-dose schedule on a population level in
Sweden.

METHODS

Study population

This study was a nationwide open cohort of girls and
young women aged 10-27 years and registered as living
in Sweden between 1 January 2006 and 31 December
2012. Subjects entered the study cohort on the date of
administration of the second dose of qHPV vaccine and
were followed up for first occurrence of condyloma. The
cohort of girls was sampled prior to the implementation of

the two-dose schedule in Sweden, that is, girls and women
were sampled during a three-dose schedule period.

To ensure only incident condyloma infection was
measured, all individuals with condyloma diagnosis
prior to follow-up were excluded, as were individuals
who emigrated or received bivalent HPV vaccine before
follow-up. Women that initiated qHPV vaccination over
the age of 20 years or turned 27 years of age before the
start of follow-up were also excluded (figure 1). Women
were censored during follow-up if they died (n=58),
received a condyloma diagnosis (n=619), emigrated
(n=1087), were not resident in Sweden (n=4) or received
the bivalent HPV vaccine (n=38).

Data sources

Data were collected using the Swedish national popula-
tion registers and linked through use of unique personal
identification numbers."’ The Swedish HPV Vaccination
Register (SVEVAC), a voluntary national HPV vaccina-
tion register initiated in 2006, was used for information
on HPV vaccination exposure. Timing between doses
was calculated using data from this register. In addition
to SVEVAC, data were also collected from the Prescribed
Drug Register (PDR), which contains information on
all prescriptions handled at Swedish pharmacies since
July 2005. The Patient Register and PDR were used
to extract information on condyloma outcomes. The
Patient Register contains data regarding all inpatient and
outpatient visits in Swedish hospitals and specialist care
since 1987 and 2001, respectively. Information regarding
deaths was collected from the Cause of Death Register
and emigration status was collected from the Migration

included in the source population

336 259 girls and women vaccinated with two doses
of qHPV, aged 10-27 years living in Sweden
between January 2006 to December 2012 were

71 761 excluded

2133 had a condyloma diagnosis before start of follow-up

480 had emigrated before start of follow-up

53 were vaccinated with bivalent vaccination before start of follow up
7920 were >19 years of age before start of follow-up

1098 reached 27 before start of follow-up

60077 enter after the study period

v

79 042 received two doses

264 498 girls and women included in study cohort

185 456 received three doses

Figure 1

Details on study exclusions and the population analysed to investigate timing of two versus three doses of

quadrivalent human papillomavirus (HPV) vaccine and associated effectiveness against condyloma.
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Register. Parents were identified from the Multigenera-
tion Register and their highest education level nearest to
the date of entry, as a proxy for socioeconomic status, was
identified from the Education Register.

Case definition

Condyloma cases were defined as a first diagnosis of
condyloma in the Patient Register or a prescription for
condyloma-specific treatments in the PDR. In the Patient
Register, all women that received a main or secondary
diagnosis of condyloma were identified using the ICD10
(International Classification of Diseases, Tenth Revi-
sion) code A63.0."" In the PDR, all women who received
podophyllotoxin and imiquimod were identified using
Anatomical Therapeutical Chemical Codes (ATC)
DO06BB04 and DO6BB10, respectively.'”

Vaccination status

SVEVAC was used to obtain bivalent HPV and qHPV vacci-
nation dates and was complemented with prescription
data collected from the PDR, using ATC codes JO7BMO01
and JO7BMO02, respectively.

Statistical analysis

Crude incidence rates (IRs) per 100 000 person-years
were calculated as the number of cases of condyloma
per accrued person-time, stratified by the time interval
between first and second doses (0-3 months, 4-7 months
or 8+ months). As we have previously shown an effect
of age at vaccination on vaccine effectiveness,'” ' girls
and women were grouped into two age-atfirst-vaccina-
tion categories (10-16 years and 17-19 years), a divide
reflecting the median age for sexual debut in Sweden at
16.5 years."*

Poisson regression was used to model IRs by time
between first and second doses and age at first vaccina-
tion and adjusted for attained age. The time scale for
individual follow-up was attained age, which was split
into five intervals (10-13 years, 14-16 years, 17-19 years,
20-21 years and 22+ years), to reflect increasing risk of
infection and disease with increasing age. Vaccine dosage
(three doses vs two doses) was handled as a time-varying
exposure, so that women could contribute person-time
to both dose categories. The effect of time between doses
was allowed to vary by age at first vaccination via an inter-
action term. This model was then used to estimate IR
ratios (IRRs) and 95% CIs after two doses of qHPV rela-
tive to three sets of reference groups: First, compared with
women who had initiated vaccination at the same age and
had received three doses of qHPV (0 months, 2 months
and 6 months); these IRRs measure effectiveness of a
two-dose schedule with different timings between dose
1 and dose 2 relative to a standard three-dose schedule.
Second, compared with women who had initiated vacci-
nation at the same age and had received three doses of
qHPV with the same timing between first and second
doses (two doses with 0-3 months vs three doses with
0-3 months, etc.); this matched comparison addresses

the question of how much extra protection is gained on
average by a third dose for different timings for the first
two. Third, compared with women who had initiated
vaccination at the same age and had received three doses
of qHPV with no restriction on the time between dose 1
and dose 2 or dose 2 and dose 3e; these IRRs measure
effectiveness of a two-dose schedule relative to a prag-
matic three-dose schedule. IRs and IR differences (IRDs)
with corresponding 95% CIs predicted by the models and
averaged across levels of attained age in the study cohort
were also reported. Furthermore, two sensitivity analyses
were carried out. First, to determine whether socioeco-
nomic status was a confounder in our study, and second, a
sensitivity analysis restricting the time between dose 1 and
dose 2 to 12 months, were conducted.

RESULTS

Study cohort

At the end of the study period 264 498 girls under the
age of 20 years were vaccinated with at least two doses of
qHPV. Of these, 79 042 (29.9%) received only two doses
of qHPV vaccine and 185 456 (70.1%) received all three
doses. The majority (n=154440, 83.3%) of the individ-
uals fully vaccinated followed the recommended dosing
schedule given at 0 months, 2 months and 6 months.
Median time in follow-up was 259 days (IQR 186-1271
days).

Crude IRs

For girls initiating vaccination with qHPV before 17 years
the IR after vaccination with two doses was 84 (95% CI
66 to 108), 95 (95% CI 48 to 190), and 351 (95% CI 168
to 737) per 100 000 person-years, when there were 0-3
months, 4—7 months and 8+ months between doses 1 and
2, respectively (table 1).

Condyloma incidence after two-dose vaccination was
higher in girls initiating vaccination after 17 years of
age, with IRs of 408 (95% CI 335 to 498), 154 (95% CI
69 to 344) and 603 (95% CI 271 to 1343) per 100 000,
when there were 0—3 months, 4-7 months and 8+ months
between dose 1 and 2, respectively (table 1).

IRRs comparing two doses versus standard three-dose
vaccination

For girls initiating vaccination before the age of 17
years there was a statistically significantly increased risk
for condyloma when comparing two-dose vaccination
0-3 months apart (IRR=1.96, 95% CI 1.44 to 2.68) and
8+ months apart (IRR=4.36, 95% CI 2.05 to 9.28) to a
standard three-dose schedule. No statistically significant
association (IRR=1.27, 95% CI 0.63 to 2.58) was found
after vaccination with two doses given 4-7 months apart.
The IRDs predicted by the model were 59 (95% CI 25 to
92), 17 (95% CI -38 to 71) and 205 (95% CI 8to 402)
extra cases per 100 000 person-years for 0-3 months, 4-7
months and 8+ months between doses 1 and 2, respec-
tively (table 2).
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Table 1 Number of individuals, cases, person-years and crude incidence rate (IR) by age at vaccination initiation and time
between doses 1 and 2
Age at first Number of Time between doses 1 and 2 Individuals Condyloma Person- Crude IR,
vaccination doses (months) (n) cases (n) years (95% CI)*
<16years Two doses 0-3 204103 63 74611 84 (66; 108)
4-7 8095 8 8404 95 (48; 190)
8+ 1894 7 1992 351 (168; 737)
Three doses 0-3 142046 222 275495 81 (71;92)
4-7 2803 8 6619 121 (60; 242)
8+ 919 2 1646 121 (30; 486)
Standard dosing schedule (0, 2, 6) 122425 182 231393 79 (68; 91)
17-19years Two doses 0-3 46712 97 23750 408 (335; 498)
4-7 2965 6 3886 154 (69; 344)
8+ 615 6 995 603 (271; 1343)
Three doses 0-3 38705 197 93908 210 (182; 241)
4-7 808 3 2087 144 (46; 446)
8+ 175 0 365 -
Standard dosing schedule (0, 2, 6) 32015 146 76168 192 (163; 225)

*IR reported per 100 000 person-years

A similar pattern is seen in girls and women initi-
ating vaccination after turning 17 years, with increased
risks for condyloma after two doses if given 0-3 months
(IRR=2.12, 95% CI 1.62to 2.77) or 8+ months (IRR=3.16,
95% CI 1.40to 7.14) apart. No association was found
when comparing two doses versus three doses with 4-7
months between dose 1 and dose 2 (IRR=0.81, 95% CI
0.36to 1.84) (table 2).

The first sensitivity analysis including socioeconomic
status revealed no significant change to the point esti-
mates (see supplementary 1). In the second sensitivity
analysis the IRRs were comparable, therefore the cut-off
at 12 months was not applied (data not shown).

IRRs comparing two-dose versus matched three-dose
vaccinations
Comparing two-dose vaccination, 0-3 months apart,
versus three-dose vaccination with 0-3 months between
doses 1 and 2, results remained effectively unchanged
both for girls initiating vaccination prior to age 17 years
(IRR=1.95, 95% CI 1.44to 2.64) and girls initiating vacci-
nation between 17 years and 19 years (IRR=1.88, 96% CI
1.46to 2.42) (table 3).

Comparing two-dose versus three-dose vaccinations with
4-7 months and 8+ months between the first two doses
for both schedules, we found non-significant associations

Table 2
between dose 1 and dose 2, adjusted for attained age

IR, IRR and IRD comparing two-dose versus three-dose vaccination by age at vaccination initiation and time

Time between

Age at first Number of dose 1 and dose
vaccination doses 2 (months) IR, 95% CI* p Value IRR, 95% CI p Value IRD, 95%CI* p Value
<16years Three doses Standard dosing 61 (52; 70) <0.001 Ref Ref Ref Ref
schedule (0, 2, 6)
Two doses  0-3 119 (88; 151)  <0.001 1.96 (1.44;2.68) <0.001 59 (25; 92) 0.001
4-7 77 (24; 131) 0.005 1.27 (0.63;2.58) 0.506 17 (-38;71) 0.551
8+ 265 (68; 462) 0.008 4.36 (2.05;9.28) <0.001 205 (8; 402) 0.042
17-19years Three doses Standard dosing 113 (90; 135) <0.001 Ref Ref Ref Ref
schedule (0, 2, 6)
Two doses  0-3 239 (187; 291) <0.001 2.12(1.62;2.77) <0.001 126 (73; 179) <0.001
4-7 91 (18; 165) 0.015 0.81(0.36; 1.84) 0.615 -21(-97;54) 0.580
8+ 355 (68; 643) 0.015 3.16(1.40;7.14) 0.006 243 (44;530) 0.097

*IR, IRD reported per 100 000 person-years. Reference groups: <16years with three doses of gHPV (0 months, 2 months, 6 months) and

17-19years with three doses of gHPV (0 months, 2 months, 6 months)

IR, incidence rate; IRD, incidence rate difference; IRR, incidence rate ratio; gHPV, quadrivalent human papillomavirus.
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Table 3

vaccination by age at vaccination initiation, adjusted for attained age

IR, IRR and IRD comparing two-dose vaccination with varying time between doses 1 and 2 versus three-dose

Time between

Age at first Number of dose 1 and
vaccination doses dose 2 (months) IR, 95% CI* p Value IRR, 95% ClI p Value IRD, 95%CI* p Value
<16years Three doses 0-3 63 (55; 72) <0.001 Ref Ref Ref Ref
Two doses  0-3 123 (90; 156)  <0.001 1.95(1.44;2.64) <0.001 60 (26; 94) <0.001
<16years Three doses 4-7 91 (28; 154) 0.005 Ref Ref Ref Ref
Two doses  4-7 79 (24; 133) 0.005 0.87 (0.33; 2.32) 0.779 -12(-95;71)  0.779
<16years Three doses 8+ 86 (-33;205) 0.158 Ref Ref Ref Ref
Two doses 8+ 270 (70; 470) 0.008 3.14(0.65; 15.09) 0.154 184 (-49;417) 0.122
17-19years Three doses 0-3 129 (107; 150) <0.001 Ref Ref Ref Ref
Two doses  0-3 242 (190; 294) <0.001 1.88(1.46;2.42) <0.001 114 (60; 167) <0.001
17-19years Three doses 4-7 88 (-12;189) 0.084 Ref Ref Ref Ref
Two doses  4-7 95 (19; 172) 0.015 1.08 (0.27; 4.31) 0.916 7(-119;133) 0.915
17-19years Three doses 8+ 0 Ref Ref Ref Ref
Two doses 8+ 373 (72; 675) 0.015 - - 373 (72; 675) 0.015

*IR, IRD reported per 100 000 person-years. Matched reference groups: <16years with three doses of qHPV with 0-3 months between dose

1 and dose 2, <16years with three doses of qHPV with 4-7 months between dose 1 and dose 2 and <16 years with three doses of gHPV with
8+ months between dose 1 and dose 2; 17-19years with three doses of gHPV with 0-3 months between dose 1 and dose 2, 17-19years with
three doses of gHPV with 4-7 months between dose 1 and dose 2 and 17-19years with three doses of gHPV with 8+ months between dose

1 and dose 2.

IR, incidence rate; IRD, incidence rate difference; IRR, incidence rate ratio; gHPV, quadrivalent human papillomavirus.

with IRRs of 0.87 (95% CI 0.33to 2.32) and 3.14 (95%
CI 0.65 to 15.09), respectively, for girls initiating vaccina-
tion prior to 17 years, with corresponding IRDs of -12
(95% CI-95 to 71) and 184 (95% CI -49 to 417) cases per
100 000 person-years (table 3). For girls initiating vacci-
nation between 17 years and 19 years, no association was
found for 4-7 months in between doses (IRR=1.08, 95%
CI 0.27to0 4.31); no cases of condyloma were reported in
fully vaccinated women initiating vaccination between 17
years and 19 years (table 3).

IRRs comparing two doses versus pragmatic three-dose
vaccination

Changing the reference group to pragmatic three-dose
vaccination did not materially affect the results. (see
supplementary table 2).

DISCUSSION

Statement of principle findings

This population-based study investigates the incidence
of condyloma after two doses of qHPV by time between
first and second doses. Our results suggest that a two-dose
regimen is similarly effective as a standard three-dose
schedule if given 4-7 months apart. This is in line with the
recommendations from the EMA and the WHO Strategic
Advisory Group of Experts and immunological results
from clinical trials.”®° %71

In relation to other studies
The impact of HPV vaccines was first recognised for HPV
infections, and HPV-related diseases with shortincubation

times following infection such as genital warts.”’ Studies
have shown that three-dose schedules of qHPV vacci-
nation have been effective in the prevention of genital
warts at a population level.”’ ! In addition, observational
studies assessing the effectiveness of qHPV against cervical
abnormalities have been carried out.” ™ A recent review
by Garland et al suggested that in successive birth cohorts
that are beginning screening, there have been reductions
in the number of low-grade cytological abnormalities and
high-grade histology confirmed cervical lesions (approxi-
mately 45% and 85%, respectively).”

Alternative dosing schedules on condyloma incidence
have been investigated in Denmark and Sweden,” " with
both studies showing that condyloma incidence was statis-
tically significantly higher in women aged 19-24 years
after two doses rather than three. However, receipt of
two vaccine doses with optimum interval was reported as
non-inferior to three doses in terms of condyloma reduc-
tion, a finding with which the present study concurs.

Strengths and weaknesses

This was a nationwide study including the entire vacci-
nated Swedish female population aged 10-27 years. The
use of high-quality national register-based data meant that
we were able to link vaccination status to disease outcome
on an individual level.

A limitation of our study is that a small proportion of
patients will neither seek hospital care for condyloma nor
receive prescription for treatment, and thus will not be
included in the registers, resulting in an underestimation
of the true number of condyloma cases.'” However, we

FL, etal. BMJ Open2017;7:¢015021. doi:10.1136/bmjopen-2016-015021
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expect this to be negligible in our study, as (A) vaccinated
women have been found to have higher screening uptake
than unvaccinated women and can thus also be assumed
not to be less prone to access healthcare® and (B) the
estimated effect of the two-dose schedule would only be
inflated if girls less willing to complete the three-dose
schedule would have been more likely to seek healthcare
for condyloma than those going on to complete three
doses.

Another potential limitation is that SVEVAC was a
voluntary register for the period 2006-2010, with only
80%-85% coverage. To avoid an underestimation of
vaccination exposure, we complemented missing data
using the PDR. This method has been used previously in
a study by Herweijer et al, who found unique vaccination
dose dates for 99.6% of the vaccinated girls and women
in the cohort."”

It is also possible that individuals might have a preva-
lent HPV infection at the time of vaccination, resulting
in an underestimation of protective effect of the vaccine.
We have attempted to control for this by excluding
women who had a history of condyloma before the start
of individual follow-up. Additionally, given that we start
follow-up for condyloma incidence only after the second
dose, we have the automatic benefit of a buffer period as
used in a previous study conducted by Herweijer et al."”

It is also of note that the majority of women in the
cohort had 0-3 months between the first and second
doses, which limited the power for other exposure groups
in our study and resulted in wider CIs, particularly in
comparisons with the older age group and increasing
time between doses. While we did not find socioeconomic
status as a confounder in our study and we hypothesise
that this is because we only follow subjects from the
second dose forwards, so there has already been a large
degree of self-selection with regard to the role of socio-
economic factors in our study participants.

Implications

Reducing the number of HPV vaccine doses from three
to two could potentially lead to a number of positive
effects, including lower costs, increased compliance and
improved logistics of the vaccination programme. It is
however key to remain vigilant with regards to follow-up
of disease outcomes and supplement clinical trial data
and policy recommendations with real life evidence,
such as those presented here. The findings imply that the
current recommendation of two-dose schedules is appro-
priate, but we reinforce the significance of optimal timing
between doses.

Unanswered questions and future research

We did not consider HPV-related disease outcomes other
than condyloma. More studies with longer follow-up time
are needed to ascertain the effectiveness of a two-dose
schedule for HPV-related disease outcomes such as
cervical intraepithelial neoplasia or cervical cancer.
As more countries implement two-dose schedules, the

impact on transmission dynamics and herd immunity will
also become clearer.”” It should also be taken into account
that the duration of protection for both the two-dose and
three-dose schedules is not yet known and more time
and data are required before conclusions can be drawn
regarding the long-term effectiveness of these schedules,
and a reduced-dose schedule can be recommended for
girls older than 15 years.””!

The finding that the 8+ months between doses was less
protective that the 4-7months group was unexpected as
for one-dose priming schedules it is often better with a
longer interval between doses. Since this is an observa-
tional study, we cannot exclude that our finding was due
to an unmeasured confounding factor, however, with
some (unknown) underlying reason why these girls had a
longer time to dose three and high incidence/exposure.
While we can only speculate about this higher risk in the
8+ months group, it has highlighted the need for further
studies with a longer follow-up time investigating the
upper time limit between doses and vaccine effectiveness.

CONCLUSION

For prevention of condyloma, a two-dose schedule of
qHPV vaccine with 4-7 months between first and second
doses may be as effective as standard three-dose vaccina-
tion, for women first vaccinated before the age of 20 years.
The results from this nationwide observational study
support immunogenicity findings from clinical trials.
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