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Abstract
Background Although more than 8 years have passed since HPV vaccination was implemented first,
as an interim programme (Emergent vaccine promotion programme) in November 2010, followed by
incorporating into the National Immunization Programme in April, 2013 and suspended in June 2013,
limited studies have investigated the HPV vaccine effectiveness against high-grade cervical lesions in
Japan.
Methods We collected the matched data of the results of cervical biopsy and history of vaccination
from the Japan Cancer Society database. The subjects were women aged 20 to 29 years screened for
cervical cancer between April, 2015 and March, 2017, and with information on HPV vaccination status.
We estimated the relative risk of developing high-grade cervical lesions in a vaccinated group using
Poisson regression as compared to an unvaccinated group.
Results Among the 34,281 women screened, 3,770 (11.0%) were vaccinated. The prevalence of
CIN2+ was significant lower in the vaccinated women as compared to the unvaccinated women
(Vaccine Effectiveness (VE) =76%; RR=0.24, 95% CI:0.10-0.60). High VE against CIN3+ was also
observed (91%; RR=0.09, 95% CI:0.00-0.42).
Conclusion Women aged 20–29 years who received at least one dose of HPV vaccine had a
significantly lower risk of high-grade cervical lesions than those not vaccinated. In Japan, HPV
vaccination should be resumed in order to reduce the incidence of cervical cancer.

Background
The incidence rate of cervical cancer in developed countries is lower than that in developing
countries. However, the estimated age-standardized incidence rate of cervical cancer in Japan is
higher than other developed countries (14.7 per 105 person-years in Japan; 6.5 in USA; 8.4 in UK) [1],
but it is comparable to that in low- and middle-income countries such as India (14.7) or in The
Philippines (14.9) [1]. Moreover, the age-standardized mortality rate is also higher than the rates of
countries of similar economical level (2.7 per 105 person-years in Japan; 1.9 in USA; 1.7 in UK) [1].
Persistent infection with human papillomavirus (HPV) can cause cervical lesions and cervical
cancer [2, 3], while high efficacy of HPV vaccine has been demonstrated in clinical trials [4-7].
Bivalent, quadrivalent and nonavalent HPV vaccines are incorporated into National Immunization
Programmes (NIPs) and they had already been introduced in 96 countries by June 2019 [8]. The
nonavalent vaccine that can prevent infection by 90% of the oncogenic HPV strains has not yet been
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approved in Japan.
The Bivalent vaccine was licensed in Japan in October 2009, and an interim national programme
(Emergent vaccine promotion programme) started in November 2010, followed by inclusion in the NIP
and given for free to girls aged 12-16 years old from April 2013. However, after numerous media
reports on adverse events following HPV vaccination [9], the Japanese Ministry of Health, Labor and
Welfare (MHLW) suspended proactive recommendation for the vaccine in June 2013 as a
precautionary measure [10]. Although a recent epidemiological study from a Japanese team reported
that there was no causal association between the vaccine and reported symptoms or adverse events
[11], MHLW is persisting in suspending the HPV vaccine proactive recommendation. If this suspension
continues, both incidence and death rates from cervical cancer are likely to continue rising [12].
Numerous clinical trials [4-7] and epidemiological studies [13-19] showed strong efficacy and
effectiveness of HPV vaccine. In Japan, years have passed since HPV vaccine started as an interim
national programme, adolescent girls who have received the public HPV vaccine have attained the
age of 20 years or older; 20 years old being the starting target age of the cervical cancer screening
programme. Several studies reported the vaccine effectiveness against cervical cytological
abnormalities [20, 21]. Our earlier study investigated 22,743 women who were screened for cervical
cancer between April, 2015 and March, 2016. The vaccine effectiveness against histologically
confirmed high-grade cervical lesions, CIN 2 or worse (CIN2+) was 71%, but CIN3+ could not be
considered due to the limited sample size [22]. Because of the lack of national vaccine registry and
national screening registry in Japan, we cannot use the national database in order to evaluate the
vaccine effectiveness in the “real world”. In place of the national database, we used the maximum
official data available as possible as in current Japan. We conducted the present study to investigate
the effectiveness of HPV vaccine against histologically confirmed high-grade cervical lesions (CIN2+,
CIN3+) in young women aged 20 to 29 years who underwent cervical cancer screening between April,
2015 and March, 2017.

Methods
Data sources
The Japan Cancer Society (JCS) with 46 branches among 47 prefectures nationwide, is the Japan’s
largest cancer screening organization, screening more than 11 million people every year. Some
branches collect information on vaccination history, results of screening (cytology and if biopsy done,
pathological results) and grade of cervical lesion. Pathological diagnosis is reported according to the
WHO 2014 classification [23] and CIN classification. Women fill a self-reported questionnaire with
information on vaccination history at the time of cervical cancer screening. In the present study, we
collected the data from 26 branches of JCS. Among 26 branches, the 7 branches that did not inquire
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about vaccination history at screening were excluded. The study subjects were women aged 20 to 29
years who underwent cervical cancer screening in the FY 2015 (April 2015 to March 2016) and
FY2016 (April 2016 to March 2017). We defined women who received at least one dose of HPV
vaccine as vaccinated. The study outcomes are histologically confirmed diagnosis of CIN2 or worse
(CIN2+) and CIN3 or worse (CIN3+).

Statistical analyses
The analysis was performed in two parts. In the first analysis, to evaluate the effectiveness of HPV
vaccine against the high-grade precursor lesions of cervical cancer (CIN2+, CIN3+) for aged 20-29
and 20-22, we estimated the relative risk (RR) and associated 95% confidence interval (CI) for
vaccinated group using Poisson regression as compared to the unvaccinated group. We adjusted for
age as fixed effect and JCS branches as random effect. For CIN3+, RR and associated 95% CIs were
estimated using exact Poisson regression for aged 20-29. Vaccine effectiveness (VE) was calculated
as: (1- adjusted relative risk) × 100.
In the MHLW guidelines, the recommended screening interval of cervical cancer is 2 years;
actually, however, the intervals of screening vary depending on the local governments responsible of
the cancer screening organization. Therefore, some women might have undergone cervical cancer
screening in both FY2015 and FY2016, i.e. within less than the 2-year interval of the recommended
national guidelines. We defined this fact as “overlapping”. Therefore, a sensitivity analysis was
performed after removing this overlapping in FY2016 (3024 women (15.6%) screened in both FY2015
and FY2016). Statistical analyses were performed using the SAS statistical software package, Version
9.4 (SAS Institute, Cary, NC, USA).

Results
The characteristics of the subjects are shown in Table1. Among the 37,305 women aged 20-29
years, 4,083 (10.9%) were vaccinated. The vaccination rates of 20 and 21 years who correspond to an
interim national vaccination recipient were high at 62.7% and 44.6%, respectively, and 2.6% to 7.9%
after 24 years. In the vaccinated group, the total number of cases of CIN2+ was only 7 (0.17%) with
no CIN3+. In the unvaccinated group, the cases of CIN2+ and CIN3+ were 188 (0.57%) and 78
(0.23%), respectively.
After removal of overlapping, we included 34,281 women in the analyses (Table2). In the
vaccinated group, the cases of CIN2+ were 5 (0.13%) and no CIN3+. In the unvaccinated group, the
cases of CIN2+ and CIN3+ were 182 (0.59%) and 77 (0.25%), respectively.
The relative risk of developing high-grade cervical lesions according to the vaccination status is
shown in Table3. Vaccine effectiveness against CIN2+ and CIN3+ was 67% (RR=0.33, 95% CI=0.154

0.73) and 91% (RR=0.09, 95% CI=0.00-0.41), respectively. High vaccine effectiveness against CIN2+
was also observed for those aged 20-22 years old (VE=77%; RR=0.23, 95% CI=0.06-0.82).
In the sensitivity analysis (without overlapping), the vaccine effectiveness against CIN2+ and
CIN3+ in the age-group 20-29 was 76% (RR=0.24, 95% CI=0.10-0.60) and 91% (RR=0.09, 95%
CI=0.00-0.42), respectively. Vaccine effectiveness against CIN2+ was also observed for those aged
20-22 years old (VE=76%; RR=0.24, 95% CI=0.10-0.60). The effect of age was not significant in all
analyses.

Discussion
In the present study, we compared the prevalence of histology confirmed high-grade cervical
abnormalities (CIN2+, CIN3+) between an HPV-vaccinated group and unvaccinated group. As a result,
the risk of high-grade cervical abnormalities was significantly lower in the vaccinated group as
compared to the unvaccinated group.
Population-based studies are also conducted in many countries [13-19]. In Scotland, the risk for
CIN3+ following bivalent vaccine at age 20 years was reduced by 86% in women who were
vaccinated at the age of 12-13 years old [19]. In Sweden, the risk for CIN2+ and CIN3+ following
quadrivalent vaccine was reduced by 75% and 84% in women who were vaccinated before the age of
16 years old [14]. These results were based on vaccination in women with 3 doses [14, 17], while our
results were based on vaccination with at least one dose, because we did not have information on the
number of doses. Several studies focused on the effectiveness of the number of doses received on
CIN occurrence [24, 25]. In a case-control study from Australia, vaccine effectiveness for CIN2+ was
observed in both 2- and 3-dose recipients (VE=46% in the 3-dose recipients, VE=21% in the 2-dose
recipients) [25]. In the database linkage study from Australia, the vaccine effectiveness against highgrade was observed in the 3-dose recipients (hazard ratio=0.86, 95% CI: 0.78-0.94) and, women who
were vaccinated before the age of 16 years old, trends of effectiveness were observed in less than 3dose recipients [24]. A recent publication from India reported a rate of CIN1+ of 4.5% (5/132) in
unvaccinated group, while there were no case (0/24) in vaccinated women (2- and 3-dose) [26]. These
studies suggest that less than 3-dose regimens of HPV vaccine are effective against CIN.
In the recent reports from Denmark and Australia (with high coverage), one-dose regimen showed
similar effectiveness than 3-dose regimen [27, 28].
Considering the results of these studies, it is reasonable to support that high effectiveness of
vaccine was observed in the present study (although coverage was not so high). Moreover,
distribution of HPV sub-types in Japanese women is also associated with high effectiveness in the
present study. A previous study reported that prevalence of HPV-16/18 varied in accordance with age,
prevalence of HPV-16/18 was highest in those aged 20-29 (53.8% and 90% in patients with CIN2/3
and cervical cancer, respectively) [29]. The HPV type distribution in Japanese women aged 20-25
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enrolled in a clinical trial showed that HPV-16 was often found in HSIL cases (57.1%, 4/7) and CIN2+
cases (83.3%, 5/6) [30]. In short, detection rate of HPV-16/18 is high in young Japanese women,
vaccination against HPV-16/18 is therefore considerably effective to prevent cervical cancer [31].
Several limitations of this study should be acknowledged. First, HPV vaccination status is selfreported and may be affected by recall bias. Japan has neither national vaccine registry nor national
screening registry. Therefore, it is difficult to collect history of vaccination and screening results of
individuals, and to link these data is even more difficult [32]. Deployment of the epidemiological
surveillance at the national level is one of the most important challenges in the public health policy in
Japan. Second, because screening uptake of cervical cancer in Japan is low, representativeness
cannot be guaranteed, however we collected the linked data of 37,505 women, this is the largest
study ever in Japan. Previous studies were based on limited sample size, and on cytology results
solely [20, 21]. Our previous study using the data of 22,743 women from JCS showed the
effectiveness of the vaccine against CIN2 + only [22]. This time, we can report the high effectiveness
of vaccine against both CIN2+ and CIN3+.
In Japan, MHLW suspended proactive recommendation for the vaccine, as a result, uptake rate for
HPV vaccine was plummeted from 70 percent to 0.3 percent [10]. Evidence of effectiveness and
safety of vaccine has been accumulated, the recommendations have not yet been resumed.
Additionally, screening uptake of cervical cancer younger than 30 is considerably low. Therefore,
incidence rate is increasing especially among Japanese women aged 20-29 years old (5.1% per year
between 1985 to 2012) [33].
In Ireland, uptake rate for HPV vaccine has also declined due to concerns about vaccine safety,
however the uptake rate has recovered owing to efforts such as social media and governmental
campaigns [34]. Since cervical cancer is a preventable disease [35], it is important to take steps to
improve the HPV vaccination uptake rate in order to discontinue the increase in incidence and
mortality from cervical cancer.

Conclusions
We showed the high vaccine effectiveness against high-grade cervical lesions in Japanese young
women. We hope that HPV vaccination will be recommended actively again, therefore incidence and
mortality rates from cervical cancer will stop increasing and will eventually decline.
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Age at
screening
(year)

Vaccine(-)

Vaccine(+)

n

n

CIN2+

%

CIN3+

Vaccine(
-)
n

Vaccine(
+)
n

Vaccine()
n

20

522

878

62.7

4

1

1

21

1,860

1,496

44.6

6

1

3

22

1,569

489

23.8

8

1

2

23

2,517

217

7.9

17

1

8

24

2,985

214

6.7

11

1

4

25

3,035

149

4.7

17

0

6

26

5,367

189

3.4

34

1

14

27

3,849

128

3.2

20

0

7

28

6,820

184

2.6

50

0

22

29

4,698

139

2.9

21

1

11

Total

33,222

4,083

10.9

188

7

78

Table2 Vaccination status, CIN2+, CIN3+, among women aged 20-29 years (without overlapping)
Age at
screening
(year)

Vaccine(-)

n

Vaccine(+)

n

CIN2+

%

CIN3

Vaccine(
-)
n

Vaccine(
+)
n

Vaccine(
-)
n

20

514

869

62.8

4

1

1

21

1,822

1,436

44.1

5

1

3

22

1,435

399

21.8

8

0

2

23

2,367

197

7.7

17

1

8

24

2,710

189

6.5

11

1

4

25

2,740

115

4.0

17

0

6

26

4,998

175

3.4

33

1

14

27

3,428

108

3.1

20

0

7

28

6,354

165

2.5

48

0

22

29

4,143

117

2.8

19

0

10

Total

30,511

3,770

11.0

182

5

77

14

Table3. Relative risk of developing CIN2+ or CIN3+ lesions among vaccinated women as compared to
the unvaccinated women
CIN2+
RR(95%CI)

Pvalu
e

Aged 20-29
Unvaccinated

1.00

Reference

Vaccinated

0.33

(

0.15

,

0.73

)

Age

1.04

(

0.98

,

1.10

)

Aged 20-29 (no overlapping)
Unvaccinated

1.00

Vaccinated

0.24

(

0.10

,

0.60

)

Age

1.03

(

0.97

,

1.09

)

Unvaccinated

1.00

Vaccinated

0.23

(

0.06

,

0.81

)

Age

0.95

(

0.51

,

1.76

)

Aged 20-22(no overlapping)
Unvaccinated

1.00

Vaccinated

0.24

(

0.10

,

0.60

)

Age

1.03

(

0.97

,

1.09

)

0.00
6
0.23
3

1.0
0
0.0
9
1.0
6

0.00
3
0.36
0

1.0
0
0.0
9
1.0
6

Reference

Aged 20-22
Reference

0.02
3
0.86
9

Reference

15

RR(95%CI)

0.00
3
0.30
6

Referen
(
(

0.0
0
0.0
0

Referen
(
(

0.0
0
0.9
6

