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Abstract

In Japan, public funding for HPV vaccination began in 2010 for girls aged 13-16 years
(birth cohort years 1994-1997) and women born in 1994 who turned 25 in 2019. We
aimed to verify the long-term effectiveness of the bivalent HPV vaccine in women
aged 25 years. Subjects were women aged 25-26 years who underwent cervical can-
cer screening and HPV testing in Niigata from 2019 to 2020 (birth cohort years 1993-
1994). Information on vaccination status and sexual behavior was obtained from a
questionnaire and municipal records. We compared the HPV infection rates of the vac-
cinated and unvaccinated groups. Of the 429 registrants, 150 (35.0%) and 279 (65.0%)
were vaccinated and unvaccinated, respectively. The average period from HPV vac-
cination to HPV testing was 102.7 months (8.6 years), with a median of 103 months
(range 92-109 months). The HPV high-risk infection rate was 21.3% (32/150) in
the vaccinated group and 23.7% (66/279) in the unvaccinated group (P = 0.63). The
HPV16/18 infection rate was 0% (0/150) in the vaccinated group and 5.4% (15/279)
in the unvaccinated group, showing a significant difference (P = 0.0018), and the vac-
cine effectiveness was 100%. The cross-protective type HPV31/45/52 infection rate
in the vaccinated group was significantly lower than that in the unvaccinated group
(3.3% vs. 10.0%, P = 0.013). There was no significant difference in the mean age at
sexual debut and the number of previous sexual partners between the two groups.
We have demonstrated the long-term 9-year effectiveness of the bivalent vaccine

against HPV infection for the first time in Japan.
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1 | INTRODUCTION

In Japan, the bivalent HPV vaccine Cervarix®

was approved in 2009
and the four-valent HPV vaccine Gardasil® was approved in 2011.
A publicly funded HPV vaccination program began in 2010 for girls
aged 13-16 years by each municipality, and HPV vaccination was
included in the national immunization program (NIP) in April 2013.
However, 2 months later, the Ministry of Health, Labor and Welfare
(MHLW) in Japan announced that proactive recommendations for
the vaccine were to be suspended. As a result, the vaccination rate,
which was about 70% nationwide, decreased to less than 1%.2
Although the HPV vaccine is still included in the NIP and girls in the
target age group can be inoculated with public funds, coverage re-
mains low.>> Women born in or after 1994 were eligible for publicly
funded HPV vaccination. According to a report by Nakagawa et al.,
the vaccination rate of women born in 1994 was 55.5%, and the rate
for those born between 1995 and 1999 increased to 75.7%. After
that, coverage in women born in 2000 decreased sharply to 14.3%,
and it fell to less than 1% in women born after 2001.°

We previously reported a significant preventive effect of the HPV
vaccine against HPV 16/18 infection in Japanese women aged 20-
22 years.®” We also analyzed the preventive effect against abnormal
cytology and histology in women aged 20 years and compared pre-
vaccination cohorts (those born between 1991 and 1993) to those
born when public funding became available for the HPV vaccine
(born between 1994 and 1996). We found that the incidence of cy-
tological abnormalities, ASC-US or worse (ASC-US+) decreased by
24%, LSIL or worse (LSIL+) decreased by 73%, and CIN3 decreased
significantly from 0.8% to 0% (P = 0.016) in cohorts eligible for pub-
licly funded vaccination.®? We also estimated the likelihood of ab-
normal histology in women aged 20-24 years. We found that the
odds ratios for those vaccinated against HPV compared to those who
were not were 0.42 (95% confidence interval [CI] 0.31-0.58), 0.25
(0.12-0.54), and 0.19 (0.03-1.15) for “CIN1 or worse (CIN1+)", “CIN2
or worse (CIN2+)", and “CIN3 or worse (CIN3+), respectively. These
results showed the short-term effectiveness of HPV vaccination for
women in their early 20s. So far, there have been no reports in Japan
of the preventive effect of the HPV vaccine after the age of 25 years.

HPV infection rates for women in their 20s was highest at 23-
26 years, and is reflective of sexually activity in this age group10
(Figure S1). Therefore, it is important to verify the effect of the HPV
vaccine around the age of 25 years, when exposure to HPV is high.
In this study, we aimed to ascertain the effectiveness of the HPV
vaccine against HPV infection about 10 years after vaccination in

women aged 25-26 years.

2 | MATERIALS AND METHODS

Subjects were women aged 25-26 years who underwent cervi-
cal cancer screening in Niigata City from April 2019 to March 2020
(birth cohort years 1993-1994). Residual screening specimens
were used for HPV genotype testing. All samples were tested with
the BD Onclarity™ HPV kit (Becton, Dickinson and Company, New

Jersey, USA)'**2 and only those samples positive for the Onclarity™
Genotyping was performed with the MEBGEN™ HPV kit (MBL,
Tokyo, Japan).13 Information on vaccination status and sexual behav-
ior (age at sexual debut, number of previous sexual partners) was ob-
tained from a questionnaire. For women who were vaccinated with
public funds, the official vaccination records of Niigata city were ex-
amined to confirm the date of vaccination and type of vaccine. We
recruited participants regardless of HPV vaccination status, sexual
activity, and cancer screening results to minimize selection bias. To
evaluate the effectiveness of the vaccine against high-risk HPV infec-
tion, we compared the following two groups: (1) a vaccinated group to
an unvaccinated group and (2) a publicly funded HPV vaccine cohort
(birth cohort year 1994: publicly funded generation) to a cohort that
was not legible for publicly funded HPV vaccination (birth cohort year
1993: pre-introduction generation). We used EZR software to perform
Fisher's exact test, chi-square test, t test, and sample size calculation.
The formula for vaccine effectiveness (VE) is VE = (1 - OR) x 100,
where OR is the odds ratio. P values of <0.05 were considered to be
statistically significant. The present study protocol was approved by
the institutional review board of Niigata University Graduate School
of Medical and Dental Sciences and registered at the UMIN Clinical
Trials Registry, trial number UMINO00026769. Written informed
consent was obtained from all participants.

3 | RESULTS
3.1 | Characteristics of the registrants

In Japan, national cervical cancer screening is usually done once
every 2 years. Among 7100 females aged 25 and 26 years in Niigata
City, 770 women underwent cervical cancer screening in 2019
(770/7100 = 10.8%). All 770 women were asked to participate in the
study using a document outlining the study. Of them, 482 (62.6%)
were enrolled in the study.

Of the 482 registrants, 429 were included in this study; one
woman who received the 4-valent vaccine and 52 who did not com-
plete the questionnaire were excluded from the analysis. There were
150 (35.0%) women in the vaccinated group and 279 (65.0%) in the
unvaccinated group. Table 1 shows the characteristics of the regis-
trants in this study by vaccination status. The average period from
HPV vaccination to HPV testing was 102.7 months (8.6 years), with
a median of 103 months (range 92-109 months). When registrants
were divided by year of birth, the vaccination rate was 17.7% for
women bornin 1993 and 77.4% for women born in 1994. There were
no significant differences between the two groups in sexual experi-
ence, number of previous sexual partners, and age at sexual debut.

3.2 | HPVinfection rates in vaccinated and
unvaccinated groups

Infection rates by high-risk HPV type (HPV 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 66, 68 types) are shown in Table 2. The HPV
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TABLE 1 Characteristics of the registrants in this study
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All (n = 429) Vaccinated (n = 150) Unvaccinated (n = 279) P value
Age (y)
Mean (+ SD) 25.7 (+0.5) 25.4(+0.5) 25.9 (+0.3) <.0001°
Birth year (fiscal year)
1993: pre-introduction generation 305 (71.1%) 54 (17.7%) 251 (82.3%) <.0001°¢
1994: publicly funded generation 124 (28.9%) 96 (77.4%) 28 (22.6%)
Follow-up period (mo)?
Mean + SD - 102.7+3.5 - -
Median (range) - 103 (92-109) - -
Sexual intercourse, n (%)
Experienced 413 (96.3%) 143 (95.3%) 270 (96.8%) 44
Inexperienced 16 (3.7%) 7 (4.7%) 9 (3.2%)
Number of sexual partners, n (%)
210 71 (16.6%) 22 (14.7%) 49 (17.6%) .762°
6-9 80 (18.6%) 25(16.7%) 55 (19.7%)
2-5 197 (45.9%) 72 (48.0%) 125 (44.8%)
1 65 (15.2%) 24 (16.0%) 41 (14.7%)
None 16 (3.7%) 7 (4.7%) 9 (3.2%)
Age at sexual debut, n (%)
<15 64 (14.9%) 21 (14.0%) 43 (15.4%) .87¢
16-18 168 (39.2%) 58 (38.7%) 110 (39.4%)
219 181 (42.2%) 64 (42.7%) 117 (41.9%)
None 16 (3.7%) 7 (4.7%) 9 (3.2%)
Mean (+ SD) 18.3 (+2.8) 18.3 (x2.6) 18.2 (+2.9) 775°
®Period from HPV vaccination to HPV testing.
Pt test.
‘Fisher's exact test.
TABLE 2 High-risk HPV infection rates in vaccinated and unvaccinated groups
Vaccinated Unvaccinated
All (n = 429) (n = 150) (n=279)
n (%) n (%) n (%) OR (95% Cl) VE (95% CI) P value®
High-risk HPV® 98 (22.8) 32(21.3) 66 (23.7) 0.88 (0.52 to 12.5% (-44.4 to .63
1.44) 47.7)
HPV 16/18 15(3.5) 0(0.0) 15(5.4) 0.00 100.0% .0018
HPV 31/45/52 33(7.7) 5(3.3) 28 (10.0) 0.31(0.09 to 69.0% (16.3 to 90.9) .013
0.84)

Abbreviations: OR, odds ratio; VE, vaccine effectiveness.
*HPV 16/18/31/33/35/39/45/51/52/56/58/59/68.
PFisher's exact test.

high-risk infection rate was 21.3% (32/150) in the vaccinated group
and 23.7% (66/279) in the unvaccinated group. Although the in-
fection rate was slightly lower in the vaccinated group, there was
no significant difference between the two groups (P = 0.63). The
HPV16/18 infection rate was 0% (0/150) in the vaccinated group
and 5.4% (15/279) in the unvaccinated group, showing a significant
difference (P =0.0018), and the VE was 100% (Table 2 and Figure 1).
Regarding the infection rate for HPV31/45/52, types which have

been reported to offer a cross-protection effect by the bivalent
HPV vaccine in Japanese women, the infection rate in the vacci-
nated group was 3.3% (5/150) and that in the unvaccinated group
was 10.0% (28/279), thus significantly lower in the vaccinated group
(P = 0.013). Regarding the preventive effect against HPV infection
for each HPV type, there were HPV16, 18, 33, or 45 infections in
the vaccinated group, showing a high infection-preventing effect
(Table 3).
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Vaccine effectiveness against HPV 16/18 and 31/45/52 infection

12.0%
10.0%

A P =0.0018*
5 8.0% —
@
a 5.4%
S 6.0% (15/279)
3
o 4%

2.0%
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HPV 16/18 infection

P =0.013*

10.0%
(28/279)
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(5/150)

Vaccinated Unvaccinated

HPV 31/45/52 infection

* Fisher's exact test

FIGURE 1 Vaccine effectiveness against HPV 16/18 and 31/45/52 infection in vaccinated and unvaccinated groups. The HPV16/18
infection rate was 0% (0/150) in the vaccinated group and 5.4% (15/279) in the unvaccinated group, showing a significant difference

(P =0.0018). Regarding the cross-protection effect of the bivalent vaccine, the HPV31/45/52 infection rate in the vaccinated group was
3.3% (5/150) and that in the unvaccinated group was 10.0% (28/279), therefore it was significantly lower in the vaccinated group (P = 0.013)

TABLE 3 Type-specific HPV infection rates in vaccinated and
unvaccinated groups

Vaccinated Unvaccinated

All(n=429) (n=150) (n=279)

n (%) n (%) n (%)
HPV 16 14 (3.3) 0(0.0) 14 (5.0)
HPV 18 2(0.5) 0(0.0) 2(0.7)
HPV 31 11 (2.6) 1(0.7) 10 (3.6)
HPV 33 2(0.5) 0(0.0) 2(0.7)
HPV 35 0(0.0) 0(0.0) 0(0.0)
HPV 39 14 (3.3) 5(3.3) 9(3.2)
HPV 45 2(0.5) 0(0.0) 2(0.7)
HPV 51 18 (4.2) 7 (4.7) 11 (3.9)
HPV 52 24 (5.6) 4(2.7) 20(7.2)
HPV 56 17 (4.0) 6 (4.0) 11(3.9)
HPV 58 18 (4.2) 5(3.3) 13(4.7)
HPV 59 6(1.4) 2(1.3) 4(1.3)
HPV 68 13(3.0) 3(2.0) 10 (3.6)

In addition, we show the results of cytology of the registrants in
Table S1. There was no significant difference in the rate of abnormal

cytology between the vaccinated and unvaccinated groups.

3.3 | HPVinfection rates in the publicly funded
generation and pre-introduction generation

The registrants in the publicly funded generation (birth year 1994)
and pre-introduction generation (birth year 1993) were 124 (28.9%)
women in the former and 305 (71.1%) women in the latter, respec-
tively (Table S2). The HPV vaccination rate was 77.4% (96/124) for
the former and 17.7% (54/305) for the latter (P < 0.0001). There
was no significant difference in the mean age at sexual debut and

the number of previous sexual partners between the two groups.
The high-risk HPV infection rate was 24.2% (30/124) in the former
and 22.3% (68/305) in the latter. There was no significant differ-
ence between the two groups (P = 0.70). The HPV16/18 infection
rate was 0% (0/124) for the publicly funded generation, which was
significantly lower than the 4.9% (15/305) for the pre-introduction
generation (P = 0.0077). Regarding the cross-protective effect on
HPV31/45/52, the infection rate in the publicly funded generation
was 4.8% (6/124), which was lower than that in the pre-introduction
generation (27/305 = 8.9%), but not statistically significant (P = 0.23).

4 | DISCUSSION

We have demonstrated the long-term effectiveness of the bivalent
vaccine against HPV infection in Japanese women aged 25-26 years,
9 years after vaccination, with real-world data. Sexual activity in
Japanese women in their mid-20s is high.X® HPV 16/18 infection ac-
counts for 84.8% of the cause of cervical cancer in Japan, but in
the younger generation aged 20-29 years the proportion is even
higher, accounting for 90.0%.1 HPV vaccines are included in the NIP
of more than 100 countries around the world,’® and effectiveness
against high-risk HPV infection and precancerous lesions has been
reported.’®” Furthermore, in October 2020 it was reported that
invasive cervical cancer was reduced by 88% in women vaccinated
under the age of 17 years in Sweden.® Currently, there are wide-
spread HPV vaccination programs worldwide, with most programs
primarily targeting girls under the age of 17 years. The risk of HPV
infection depends on the sexual activity of the woman and the risk
continues not only during the first sexual intercourse but also during
sexually active periods. Therefore, it is very important to investigate
the long-term effect of the HPV vaccine for assessing the reduction
in cervical cancer risk over a woman's life.

According to previous reports on the long-term efficacy for pre-
cancers in clinical trials,’ the observation period for the bivalent
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vaccine was 3.6 yearsin HPV 001,%°6.4 yearsin HPV 007,218.4 years
in HPV 023,72 9.4 years in the Extension HPV023,%% and 11.1 years
in the Costa Rica Vaccine Trial.>* In the Costa Rica Vaccine Trial
for assessing the efficacy of the bivalent vaccine, women aged 18-
25 years were enrolled in a randomized, double-blind, controlled
trial. As a result, cumulative VE against HPV 16/18-associated
CIN2+ and CIN3 specifically over the 11-year period was 97-4%
(95% C1 88.0-99.6) and 94-9% (73.7-99.4), respectively.?* So far, this
report shows the longest efficacy of the bivalent vaccine.

For the 4-valent vaccine, the observation period is 3.6 years in
FUTURE I,% 5 years in HPV-P007,%' 8 years in Nordic PO15%° and
14 years in FUTURE 11.% So far, the longest observation period for
vaccine efficacy has been 14 years for the 4-valent vaccine. In a 14-
year long-term follow-up of women aged 16 to 26 years, no cases of
HPV16/18-related CIN2+ and cervical cancer were observed in the
per-protocol effectiveness population during the entire study. VE of
100% was demonstrated with a trend toward continued protection
through 14 years post-vaccination. Seropositivity rates of HPVé, 11,
16, and 18 types were 90.6%, 91.1%, 98.3%, and 52.4%, respec-
tively.?® Regarding the long-term cross-protective effectiveness,
onethe Australian study showed that prevalence of HPV31/33/45
was also lower among vaccinated (4%) compared with unvaccinated
(7%) women (OR = 0.51, 95% Cl 0.29-0.89).

On the other hand, regarding the long-term effectiveness in
real-world data, the observation period for the 4-valent vaccine was
10 years in a Danish study,?” and 12 years in an Australian study.?®

We previously reported that the VE of the bivalent vaccine
was more than 90% against HPV 16/18 type infection in Japanese
women aged 20-22 years,® and the results provided the Japanese
public with reliable scientific data on the effectiveness of the HPV
vaccine in Japan. The present survey confirmed the long-term ef-
fectiveness against HPV 16/18 and 31/45/52 infection at the age of
25-26 years, which is when sexual activity is high.

There are several limitations to this study. The first is that antibody
titers were not measured. No HPV 16/18-infected individuals were
found in the vaccinated group, however, it has not been confirmed
whether the preventive effect is due to a sustained antibody titer. The
correlation between the immunological effect of the antibody and
the clinical effect of preventing HPV infection has not yet been es-
tablished, and it is unclear if maintaining a high antibody level really
prolongs the prevention period of HPV infection. Furthermore, the
minimum amount of antibody required to prevent HPV infection is still
unclear. Second, we compared the HPV 16/18 infection rate between
vaccinated and unvaccinated groups, and also between a publicly
funded cohort and a cohort not eligible for publicly funded HPV vacci-
nation. However, it may be difficult to discuss the herd immunity effect
of the HPV vaccine in this analysis. More cases and years of follow-up
may be needed to discuss the herd immunity effect. The third limita-
tion is selection bias in the cohort study. There is concern that women
who undergo cancer screening and participate in epidemiological stud-
ies tend to be more health conscious. Regarding the correlation be-
tween the intention to undergo cancer screening and HPV vaccination,
Taniguchi et al. reported that vaccinated women had a higher rate of
cervical cancer screening.?’ However, the HPV vaccination rate in the

Cancer Science U103

subjects of this analysis was 77.4%, which was lower than the vaccina-
tion rate in women born in 1994 in Niigata City (93.1%). Of the cancer
screening examinees aged 25-26 years in Niigata City, 7.7% (59/770)
of women needed to make a detailed examination (ASC-US+ 7.7%,
LSIL+ 5.2%) in 2019, whereas 6.8% (29/429) of the females needed
to make a detailed examination (ASC-US+ 6.8%, LSIL+ 4.0%) among
the participants in this study. The difference was not significant, there-
fore we consider that there is no clear interaction between HPV vac-
cination and the outcome of cancer screening, and it is unlikely that
a selection bias has occurred. The fourth limitation is confounding
factors for age and vaccination status. Women aged 26 years (born
in 1993) have a very low vaccination rate because they are the gener-
ation before the introduction of publicly funded vaccination. On the
other hand, women aged 25 years (born in 1994) have a vaccination
rate of 77.4% due to the introduction of publicly funded vaccination. In
Niigata City, the cancer screening rate was 5.0% at age 25 and 17.0%
at age 26 in 2019. On the other hand, the registration rate was 76.9%
at the age of 25 and 58.2% at the age of 26. Considering that women
aged 25 years have a lower screening rate and higher registration rate
than women aged 26 years, there may be differences in population
characteristics between women aged 25 and 26 years. For example, if
a person who had a cancer screening at the age of 25 was more health
conscious and had a higher vaccination rate than the age of 26, it is
possible that the VE is highly estimated in the analysis. On the other
hand, if women aged 25 years have more symptoms and/or HPV in-
fections than women aged 26 years, VE may be estimated to be low
due to the high vaccination rate in women aged 25 years. Regarding
the statistical power in this analysis, we predicted that the HPV16/18
infection rate in 25-year-old women would be 4% in the unvaccinated
group and 0.1% in the vaccinated group based on our previous data,®®
thus we considered 480 cases were required for the analysis. In the ac-
tual analysis, 150 subjects (infection rate 0%) in the vaccinated group
and 279 subjects (infection rate 5.4%) in the unvaccinated group were
analyzed, and the statistical power was 0.817. Therefore, we consider
that the statistical power is sufficiently maintained.

In conclusion, we consider that the NIP for HPV vaccination in
Japan will help prevent cervical cancer in young Japanese women,
however almost all adolescent Japanese girls have not been vacci-
nated due to the discontinuation of proactive recommendation of
the vaccine. Now, they are over 20 years old and are about to enter a
period of high sexual activity. After the MHLW in Japan has resumed
proactive recommendation for HPV vaccination, the following ac-
tions are required: accurate and scientific information dissemination
in the media, enlightenment activities using a behavioral economics
approach, policies for catch-up vaccination, and inclusion of 9-valent
vaccine in the NIP. We will continue this survey to verify the long-
term effectiveness of the HPV vaccine against cervical precancers in
women at the age of 25-26 years and the long-term effectiveness of
the 9-valent vaccine in the future.
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