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Abstract: Few studies have reported on the increase in cervical cancer incidence in Japan. We aimed
to determine the relevant trends in the metropolitan regions of Japan and to identify the population
with the highest risk, based on histological subtype, cancer stage, and diagnostic processes. Using
population-based data (2009-2013), we identified 2,110 women, aged > 20 years, with cervical cancer.
We estimated the age-standardized and age-specific incidence rates of cervical cancer for the study
period based on the 1985 national model population. The average annual percent change (AAPC)
and 95% confidence interval (CI) were calculated using the joinpoint regression analysis. We
stratified the analyses based on histological subtypes, stage, and diagnostic process via cancer
screening. The increase in the overall age-standardized incidence was not significant. However, the
increase was significant for women aged 30-39 years (AAPC 20.0%/year, 95% CI: 9.9-31.1), which
was attributable to the increase in the incidence of squamous cell carcinoma (SCC) subtype (AAPC
23.1%/year, 95% CI: 10.7-36.8). Among younger women, aged <50 years, further stratification
showed an increase in the undiagnosed early-stage SCC subtype via cancer screening. In Japan, the
incidence of HPV-related cervical cancer has been increasing in undiagnosed younger women.

Keywords: Cervical cancer; Incidence; Screening; Squamous cell carcinoma; Histology subtype

1. Introduction

Cervical cancer is the fourth most common cancer that affects women worldwide in addition to
ranking fourth among the causes of cancer-related mortality [1]. In Japan, the estimated number of
patients with cervical cancer newly diagnosed in 2016 was approximately 34,000 (23,000 cases of
carcinoma in situ (CIS) and 11,000 cases of invasive cancer) [2]. The incidence of cervical cancer
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remains higher in developing countries than in developed countries [1]. For instance, in 2013, the age-
standardized incidence rates for invasive cervical cancer, defined by the diagnosis code of C53 in the
International Classification of Diseases, 10t revision (ICD-10), were 15.7/100,000 population in
developing countries and 9.6/100,000 population in developed countries [3]. Nevertheless, the global
trend in terms of the incidence has been declining as a result of the implementation of two critical
prevention strategies: human papillomavirus (HPV) vaccination and early detection via cancer
screening (Papanicolaou (Pap) smear and HPV-test) [1-4].

Compared with that in other developed countries, in Japan, some urgent concerns have been
raised for the prevention of cervical cancer. In 2013, the Japanese government suspended proactive
recommendations for HPV vaccination owing to suspected adverse events, such as complex regional
pain syndrome, which resulted in low HPV vaccination rates (<1% to date) [4,5]. The cervical cancer
screening rate is lower in Japan (42.4%) than in other Western countries (83.3% in the United States
and 80.0% in Italy) [6].

Furthermore, the high ratio (23,000/11,000 cases) for the newly diagnosed patients with CIS and
invasive cervical cancer may also reflect the failure of cervical cancer prevention in Japan [2]. Indeed,
a few recent studies have highlighted an increase in the incidence of cervical cancer during the last
two decades in this country, contradicting the current global trend [7-9]. For instance, a significant
average annual percent change (AAPC) of 1.2% (95% confidence interval [CI]: 0.2-2.2) was observed
in the incidence of invasive cervical cancer from 1991 to 2010 [7], and a substantial increase (AAPC
17.9%, 95% CI: 10.5-25.8) was also observed in the incidence of CIS from 2006 to 2012 [8]. A
continuous increase in the incidence of squamous cell carcinoma (SCC) cervical cancer has been
observed in Osaka prefecture since 2000 (although this study included cancer of the corpus uteri) [9].
However, in another study, the incidence of the SCC subtype, the most common (~90%) HPV-related
histological subtype of cervical cancer, was null or it showed a potentially decreasing trend (AAPC -
0.4%, 95% CI: -2.2 to 1.5) [8]; thus, there is an ambiguity regarding the actual trend. Therefore, we
aimed to further highlight and investigate this unexpected increase in cervical cancer incidence in
this high-risk population for which the national prevention strategy has achieved much less than the
level for which there is a global consensus. Additionally, to the best of our knowledge, the increase
in cervical cancer incidence has not been fully assessed in terms of age, histological subtypes, cancer
stage, and diagnostic processes [10-13].

In this study, we examined the trends of cervical cancer incidence in Japan. Using a population-
based data set with >2,000 patients with cervical cancer in Tochigi prefecture, we sought to determine
whether the incidence of cervical cancer was increasing. Furthermore, we sought to determine
whether the increasing trend, if any, differs in terms of age, histological subtypes, cancer stage, and
diagnostic processes.

2. Materials and Methods

2.1. Data sources and study subjects

We obtained a population-based dataset of patients, aged 220 years, with cervical cancer,
registered in the Tochigi Cancer Registry (TCR) from 2009 to 2013. Tochigi prefecture, which has a
population of nearly 2 million (approximately 1.5% of the Japanese population), is located
approximately 100 km north of Tokyo. The major industries in Tochigi prefecture are related to
manufacturing and agriculture/forestry [14]. The obtained dataset included basic information on
patients with cervical cancer (age and date of diagnosis), clinical information (diagnosis, pathology,
and stage), and information regarding diagnostic processes. Because of limited data accessibility,
survival data were not available. The Tochigi model population data were obtained from the National
Cancer Center [2].

We identified 2,170 patients registered in the TCR with a diagnosis of cervical cancer (C53 and
D06 in ICD-10) [8]. We then excluded patients for whom information on stage (15 patients, 0.6%) and
diagnosis process (45 patients, 2.0%) was not available. A total of 2,110 patients with cervical cancer
having complete data were analyzed. In this study, the death certificate only (DCO) was 0.6% during
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the study period; hence, the quality of this registry dataset was deemed appropriate for analysis in
accordance with a previous study [15]. The Tochigi Prefecture and the Bioethics Committee of
Dokkyo Medical University approved this study (Protocol No. 29006).

2.2. Definition of histology, cancer stage, and diagnostic process

According to previous studies [8], we classified histological subtypes (identified according to
the International Classification of Disease for Oncology, Third edition pathological codes) into SCC
(8051-8084 and 8120-8131), adenocarcinoma (8140-8490), and other subtypes (8000-8045 and 8560-
8900). It should be noted that in this study, severe dysplasia (cervical intraepithelial neoplasia 3) was
included in CIS. We classified cancer stages based on the Surveillance, Epidemiology, and End
Results system into four categories (CIS, localized, regional, and distant metastasis) [9, 16]. According
to the International Federation of Gynecology and Obstetrics (FIGO) classification, stage IA-IB2, [IA—
IVA, and IVB corresponded to stages of localized, regional, and distant metastasis, respectively, in
the present study. Furthermore, we divided patients with cervical cancer into early-stage
(CIS/localized) and advanced-stage (regional/distant metastasis) cancer groups.

For the diagnostic processes, we identified patients with cervical cancer who were diagnosed
via cancer screening in the public and private sectors. The patients who were not diagnosed via cancer
screening were designated so. There were two kinds of such patients: (1) those who were diagnosed
with cervical cancer during diagnoses/treatments for other diseases and (2) those who directly visited
clinics/hospitals with some symptoms of ill health without undergoing cancer screening.

Furthermore, we classified patients into 10-year age categories (e.g., 20-29 years) considering
the limited sample size. We also divided the patients into two groups—the younger (<50 years) and
older (=50 years) groups—based on the age of onset of cervical cancer decline [2].

2.3 Statistical analysis

Using the 1985 national model population, we estimated the age-standardized and age-specific
incidence rates of cervical cancer in women aged >20 years in Tochigi prefecture during the study
period. The AAPC and 95% CI were calculated for the 5-year study period (2009-2013). Joinpoint
regression analysis, which shows the temporal trend of incidence by estimating the percent change
over time using piecewise log-linear regression, and the joinpoint regression program (version
4.7.0.0) from the National Cancer Institute were applied according to the methodologies used in
previous studies [8,9].

Moreover, to elucidate the trend of the increasing cervical cancer incidence and to identify the
population at risk, we estimated age-specific AAPCs stratified by pathological subtypes.
Additionally, we stratified the analysis according to the cancer stage and the diagnostic process. In
this additional analysis, we used the binary age category (<50 years or >50 years) considering the
limited sample size.

In a subgroup analysis, we used a limited study sample of 859 patients with invasive cancer (C53
in ICD-10), which corresponded to cervical cancer patients at FIGO stages IA1 and greater. We
performed the same analytic procedure, although additional stratifications with cancer stage and
diagnostic process were not possible due to the limited sample size. Alpha was set at 0.05, and all P-
values were two-sided. For statistical analyses, data were analyzed using the joinpoint regression
program [17] and the IBM SPSS Statistics 25 version for windows.

3. Results

The overall age-standardized incidence was 45.1/100,000 population during the 5-year study
period; although the annual incidence rate did not significantly increase, it tended to show a potential
increase (Table 1).

However, the age-specific incidence was the highest in women aged 30-39 years (Figure 1), and
the incidence showed a significant increase in this age group: AAPC 20.0 (95% CI: 9.9-31.1; Table 1).
In addition, the incidence of CIS, as well as early-stage cancer, was the highest in women aged 30-39
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years (Figure 1), and the incidence showed a significant increase (Table 1) [AAPCs for CIS and early-
stage cancers: 17.8 (95% CI: 6.4-30.4) and 12.6 (95% CI: 2.7-23.4), respectively]. The dominant
histological subtype was SCC (88.2%), and the overall incidence of SCC showed a potential increase
(Table 1). The percentage of patients diagnosed via cancer screening was 46.8% (Table 1). No
joinpoints were observed in the joinpoint regression analysis (Figure S1).

Table 1. Characteristics of cervical cancer registry cases in the Tochigi prefecture (2009-2013).

2009 2010 2011 2012 2013 2009-2013 AAPC
N (%) N (%) N (%) N (%) N (%) N (%) (95% CI)
Overall 331 409 456 398 516 2110 8.8 (2.2,21.1)
Age, years, mean (SD) 46.8 (15.04) 45.5 (14.77) 45.2 (14.40) 43.8 (13.94) 43.2(13.82) 44.8 (14.39)
Age category (years)
20-29 29 (8.8) 39(9.5) 47(10.3) 30 (7.5) 60 (11.6) 205(9.7) 17.6(-9.3,52.6)
30-39 90 (27.2) 132(32.3) 143 (31.4) 153(38.4) 193(37.4) 711(33.7) 20.0(9.9,31.1)
40-49 90 (27.2) 106 (25.9) 126 (27.6) 110 (27.6) 126 (24.4) 558 (26.4) 5.1 (-5.3,16.5)
50-59 51(154) 52(12.7) 52(11.4) 45 (11.3) 54 (10.5) 254 (12.0) 3.1(-44,11.2)
60-69 42 (12.7) 43(105) 55(12.1) 31(7.8) 53(10.3) 224 (10.6) 0.7 (-20.7,28.1)
70-79 19 (5.7) 25 (6.1) 22 (4.8) 16 (4.0) 23 (4.5) 105 (5.0) -2.0(-19.2,18.9)
>80 10 (3.0) 12 (2.9) 11(2.4) 13 (3.3) 7 (1.4) 53(25) -7.2(-27.7,19.2)

Historical subtype
Squamous cell carcinoma 282 (85.2) 360 (88.0) 390 (85.5) 359 (90.2) 470 (91.1) 1861 (88.2) 10.5(-0.1,22.3)

Adenocarcinoma 40 (12.1)  41(10.0) 49(107)  31(7.8) 40(7.8)  201(9.5) -2.3(-185,17.0)
Other 9(2.7) 8(20) 17(37) 8 (2.0) 6 (1.2) 48 (2.3)  -5.4(-45.9, 65.4)
Stage
Carcinoma in situ 158 (50.8) 231 (56.5) 253 (55.5) 261 (65.6) 348 (67.4) 1251(59.3) 17.8(6.4,30.4)
Localized 92(29.6) 88(215) 114 (25.0) 83(209)  94(182) 471 (22.3) -0.2(-13.9,15.6)
Regional 67(15) 70(17.1) 71(156) 44(111)  55(107) 307 (145) -7.7(-21.9,9.1)
Distant metastasis 14 (4.5) 20 (4.9) 18 (3.9) 10 (2.5) 19 (3.7) 81(3.8) 0.6(-24.9,34.7)
Early-stage 250 (75.5) 319 (78) 367 (80.5) 344 (86.4) 442 (85.7) 1722 (81.6) 12.6 (2.7,23.4)
Advanced-stage 81(24.5) 90(22.0) 89(195)  54(13.6) 74(143) 388 (184) -6.0(-22.3,13.6)
Diagnostic process
Via cancer screening 149 (45.0) 203 (49.6) 206 (45.2) 176 (44.2) 253(49.0) 987 (46.8) 9.6 (-5.7,27.4)
Not-via cancer screening 182 (55.0) 206 (50.4) 250 (54.8) 222 (55.8) 263 (51.0) 1123 (532) 8.1 (-1.0,18.2)
Death Certificate Only, % 0.9 0.5 0.9 0.7 0.6 0.6
Age-standardized incidence
(C53 & D06)? 33.9 42.9 48.2 43.6 57.7 45.1
Age'Standa(er;;;’f incidence 15.8 18.7 12.8 16.0 15.8

Abbreviation: SD, standard deviation; AAPC, average annual percent change; CI, confidence interval; N, number.
aAge-standardized incidence/100,000 population was calculated with the 1985 National model population.
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Figure 1. Age-specific cervical cancer incidence for each cancer stage between 2009 and 2013. The incidence of
CIS and early-stage cancer was the highest in women aged 30-39 years. The age-specific incidences of regional and distant
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metastatic cancers/100,000 population in their 40s, 50s, 60s, 70s, and >80s were, respectively, as follows: regional cancer, 9.2,
8.1, 10.0, 8.7, and 7.2; distant metastatic cancer, 2.9, 2.9, 3.2, 1.9, and 2.3.

In the analyses stratified by histology (Figure 2 and Table 2), the increase in age-specific AAPC
was only significant in SCC among women aged 30-39 years (AAPC 23.1, 95% CI: 10.7-36.8).

Squamous cell carcinoma Adenocarcinoma
20-29- —f—— ———
30-39 —— —.— PR BN
40-49 - —q— ——
50-59 1 -~ T ——
60-69 — 4 N
70-79 —e— e N N
280 — —
Overall | — Lo— — o
20-29 — —_——>
30-39 —r— ——
40-49+ —e —— ——
50-59 1 —.- —4 el
60-694 ~——¢T— — —
70-79 — — >
280 < —T— —
Overall —— —— ——

T T T T T T T T T T
50 25 0 25 50 50 25 0 25 50 50 25 0 25 50

Figure 2. Age-specific average annual percent change for cervical cancer stratified by histological subtype.
The average annual percent change (dot) and 95% confidence intervals (line) were estimated using joinpoint regression
analyses. Upper panels indicate data of overall cervical cancer patients, including those with carcinoma in situ (ICD-10, D06)

and invasive cancer (C53). Lower panels indicate data of those with only invasive cervical cancer (C53).

In the additional analyses stratified by cancer stage and diagnostic process, the incidence of
early-stage cancer through the non-cancer screening processes, particularly that specific for the SCC
subtype among younger women, showed a significant increase (Table 3).

In the subgroup analysis limited to invasive cervical cancer (C53 in ICD-10), the overall age-
standardized incidence was 15.8/100,000 population (Table 1). The age-specific incidence stratified
by histology showed a similar pattern (Figure 2 and Table 2).

Table 2. Age-specific average annual percent change estimated with joinpoint regression stratified by
histological subtype for 2009-2013.

Age category N AAPC (95% CI)
All
20-29 205 17.6 (-9.3, 52.6)
30-39 711 20.0 (9.9, 31.1)
40-49 558 5.1 (-5.3,16.5)
50-59 254 3.1(-44,11.2)
60-69 224 0.7 (-20.7, 28.1)
70-79 105 -2.0(-19.2,18.9)
>80 53 -7.2(-27.7,19.2)
Squamous cell carcinoma
20-29 194 17.0 (-10.4, 52.9)
30-39 651 23.1(10.7, 36.8)
40-49 492 5.2(-7.9,20.2)
50-59 209 6.4 (-4.9,19.0)
60-69 185 1.6 (-18.6, 26.9)
70-79 85 -1.4 (-18.9, 20.0)
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>80 45 -8.6 (-32.6, 24.0)
Adenocarcinoma

20-29 10 Not available
30-39 47 -8.0 (-57.1,97.7)
40-49 54 3.7 (-12.3,22.5)
50-59 37 -4.7 (-17.8, 10.6)
60-69 32 4.4 (-26.7, 24.8)
70-79 17 -2.9 (-48.3, 82.4)

>80 4 Not available

Abbreviation: AAPC, average annual percent change; CI, confidence interval; N, number.

Table 3. Age-specific average annual percent change further stratified by cancer stage and screening process.

All Squamous cell carcinoma Adenocarcinoma
N AAPC  95%CI N AAPC  95%CI N AAPC 95%CI
Early-stage cancer
Via cancer screening
Overall 924 11.6 -3.8,29.5 853 12.5 -3.3,31.0 59 6.8 -21.0,44.3
Age <50 729 15.0 -3.9,37.6 677 15.7 -3.5,388 45 124  -27.0,73.0
Age 250 195 3.3 -0.3,7.0 176 4.4 -0.3,92 14 0.4 -29.6,43.2
Not-via cancer screening
Overall 798 13.6 49,231 712 15.7 69,253 74 21 234,252
Age <50 623 16.5 8.7,25.0 571 180  10.6,260 43 -01  -30.1,427
Age 250 175 7.6 -11.1, 30.3 141 112 -105,382 31 -31  -232,221
Advanced-stage cancer
Via cancer screening
Overall 63 -16.5  -34.0,5.6 49 -148  -279,06 11 237 -484,128
Age <50 26 2.0 271,319 21 43 -26.5,48.1 4 n/a
Age 250 37 -262  -445,-19 28 279 486,11 7 202 -353,-16
Not-via cancer screening
Overall 325 -39 200,155 247 35 222,196 57 -63 277,213
Age <50 96 29 231,227 68 -1.6 299,380 19 -28  -47.1,789
Age 250 229 46 204,144 179 43  -206,155 38 3.6 -34.2,413

Abbreviation: AAPC, average annual percent change; CI, confidence interval; N, number.

4. Discussion

In this study, we show that the incidence of cervical cancer increased among younger women in
Japan. Specifically, women in their 30s are at risk for early-stage cervical cancer with the SCC subtype.
Additionally, this trend has been increasingly observed in cancer patients not diagnosed via cancer
screening processes.

Our findings confirm that the recent concerns for eliminating cervical cancer in Japan are valid —
the incidence of cervical cancer is increasing, particularly among young women. In this study, the
age-standardized incidence of overall cervical cancer in Japan was higher than that in Western
countries [3], which is in concordance with the findings of previous studies [7-9]. Likewise, Yagi et
al. reported a continuous increase in SCC cervical cancer (including that in corpus cancer) among
younger women aged <40 years in Osaka prefecture since 2000 (AAPC 5.9%/year) [9]. Similarly,
Utada et al. reported a skyrocketing of CIS cases among younger women aged 30-39 years in
Nagasaki prefecture since 2007 (AAPC 19.0%/year) [8].

Although the reasons for this trend are yet to be fully determined, it might be related to the
trajectory of sexual practice, including the prevalence of HPV infection and sexual behavior. In a
hospital-based study in Japan, later birth cohorts had a higher prevalence of HPV infection, including
HPV16/18 [18]. This difference might be associated with early sexual debut and having multiple
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sexual experiences with different partners, as well as the less frequent use of condoms among recent
birth cohorts [19]. Indeed, the increasing trend of cervical cancer incidence slightly differed across
Japan (including that in our study) [8, 9], reflecting geographical differences in sexual practice.
However, the cervical cancer incidence among younger South Korean or Japanese American women
did not show an increase, implying that the increasing rates of cancer screening may offset even
cultural shifts toward a higher risk for cervical cancer [9].

In this study, contrary to our expectations, diagnosis via the non-cancer screening process
played a role in the increased detection of cervical cancer. We need to elucidate the mechanism
further because early-stage cancer patients (particularly those with CIS) have few symptoms, and
regular practice would merely detect this type of cancer. One potential explanation (yet to be
determined due to our limited data) might include a routine Pap smear during regular pregnancy
checkups or infertility treatments in Japan; these processes are not recognized as “cancer screening”
in prevention strategies. The average age of women during the first births in Japan in 2017 was 30.7
years [20], and the birth rate among women aged 30-39 has been the highest ever [21]. Besides, the
number of married couples with a history of receiving infertility treatment has increased to 18.2%
[22]. Nevertheless, the regular checkup is not designed to prevent cervical cancer in this high-risk
population and does not cover women who are not willing to conceive. Therefore, it is necessary to
increase the rate of cancer screening at the population level, particularly in high-risk younger women.

For older women, although the age-standardized incidence of advanced-stage cancer (i.e., life-
threatening cancer) remained constant regardless of age, with a higher percentage of advanced-stage
(Figure 1), the overall incidence of cervical cancer was low. In a British study, adequate screening by
50-65 years of age tended to reduce the risk of subsequent cervical cancer [23]. Cervical cancer
screening should aim to decrease the overall mortality at the population level; however, healthcare
resources are limited in Japan. Currently, as the cervical cancer screening program does not have an
upper age limit (i.e., all women aged >20 are eligible), further studies addressing the age limit from
the perspective of health economics are warranted.

This study has several limitations. First, the study period was short, and the data with the small
sample size are only for a single prefecture in the metropolitan region (with an approximate
population of only 1.5% of the Japanese population), thereby limiting the external generalizability. In
addition, our staging was not entirely according to the FIGO classification, and potential
misclassifications might have been introduced. However, we followed the latest diagnostic
classification (The Bethesda system), and the age distribution of patients with cervical cancer (from
the Tochigi prefecture) paralleled those reported in previous studies and national statistics [7-9].
Second, we could not explicitly specify the increasing trend in public cancer screening, and HPV
infection- and smoking-related data were not available. However, in Japan, the cancer screening rate
is low, and smoking is attributable to approximately 2% of the incidence of overall cervical cancer;
further, the rate of smoking has been decreasing among women in Japan [9]. Third, due to the
limitations of our dataset, we did not assess socioeconomic disparities [24]. As socially disadvantaged
women are less likely to have access to cancer screening or HPV vaccination even under the universal
health coverage system in Japan, future studies should address the socioeconomic gap affecting the
increasing trend of cervical cancer.

Despite these limitations, using high-quality population-based data, we specifically identified
the prioritized target population to prevent cervical cancer—the recent increase in cervical cancer in
Japan is likely attributable to the early-stage HPV-related cancer subtype among young women in
their 30s who are unlikely to undergo cervical cancer screening. Although cancer prevention has to
be a government policy, in a population poll conducted by the Cabinet Office in Japan, the reasons
for individuals not undergoing cancer screening included “not having time to undergo cancer
screening” (30.6%) and “no need due to their confidence in their health” (29.2%) [25]. This poll
highlighted insufficient public education as the probable reason for the low cancer screening rate.
Hence, public awareness that screening can eliminate the risk of cervical cancer at the population
level, particularly in young women, should be promoted while considering the introduction of the
combination of HPV testing and Pap smear. Furthermore, the HPV vaccination program, which was
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suspended in 2013 in Japan, should be resumed, and cancer screening should be promoted to
eliminate cervical cancer.

5. Conclusions

In Japan, the incidence of cervical cancer has been increasing in young women, with the trend
being most pronounced in those with early-stage cancer of the SCC subtype diagnosed without
cancer screening processes. The national prevention strategy should explicitly incorporate HPV
vaccination and cancer screening for eliminating cervical cancer.

Author Contributions: Conceptualization, T.N., M.Z,, L.O., Y.H., and G.K,; data curation, T.N. and M.Z.; formal
analysis, T.N., M.Z,, Y.H., K.U,, and T.S,; investigation, T.N., LO., Y.H., and G.K.; methodology, T.N., M.Z., Y.H.,
1.0, TS, KU, KN, TS, and G.K; project administration, M.Z., Y.H., and G.K; resources, T.N., M.Z,, 1.O., and
G.K; supervision, M.Z,, 1.O., Y.H., and G.K,; software, T.N., M.Z,, and Y.H.; validation, T.N., M.Z,, 1.O., Y.H,,
K.U, and T.S; writing - original draft, T.N., M.Z., and Y.H.; writing - review and editing: T.N., M.Z,, 1.O., Y.H.,
and G.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bray, F.; Ferlay, ]J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. Ca-Cance
r J. Clin. 2018, 68, 394-424.

2. Cancer Information Service, National Cancer Center, Japan (Ministry of Health, Labour and Welfare,
National Cancer Registry Cancer Registry and Statistics. Available online: https://ganjoho.jp/reg_stat/statis
tics/dl/index.html (accessed on 7 September 2020).

3. Fitzmaurice, C.; Dicker, D.; Pain, A.; Hamavid, H.; Moradi-Lakeh, M.; MacIntyre, M.F.; Allen, C.; Ha
nsen, G.; Woodbrook, R.; Wolfe, C.; Hamadeh, R.R.; Moore, A.; Werdecker, A.; Gessner, B.D.; Te Ao,
B.; McMahon, B.; Karimkhani, C.; Yu, C.; Cooke, G.S.; Schwebel, D.C.; Carpenter, D.O.; Pereira, D.M.;

Nash, D.; Kazi, D.S.; De Leo, D.; Plass, D.; Ukwaja, K.N.; Thurston, G.D.; Yun Jin, K;; Simard, E.P.;
Mills, E.; Park, E.K,; Catala-Lépez, F.; deVeber, G.; Gotay, C.; Khan, G.; Hosgood, H.D.; Santos, LS.;
Leasher, J.L.; Singh, J.; Leigh, ]J.; Jonas, ].B.; Jonas, J.; Sanabria, J.; Beardsley, J.; Jacobsen, K.H.; Takah
ashi, K.; Franklin, R.C.; Ronfani, L.; Montico, M.; Naldi, L.; Tonelli, M.; Geleijnse, J.; Petzold, M.; Shri
me, M.G.; Younis, M.; Yonemoto, N.; Breitborde, N.; Yip, P.; Pourmalek, F.; Lotufo, P.A.; Esteghamat
i, A; Hankey, G.J.; Ali, R; Lunevicius, R.; Malekzadeh, R.; Dellavalle, R.; Weintraub, R.; Lucas, R.; H
ay, R.; Rojas-Rueda, D.; Westerman, R.; Sepanlou, S.G.; Nolte, S.; Patten, S.; Weichenthal, S.; Abera, S.
F.; Fereshtehnejad, S.M.; Shiue, I; Driscoll, T.; Vasankari, T.; Alsharif, U.; Rahimi-Movaghar, V.; Vlas
sov, V.V.; Marcenes, W.S.; Mekonnen, W.; Melaku, Y.A.; Yano, Y.; Artaman, A.; Campos, I.; MacLach
lan, J.; Mueller, U.,; Kim, D.; Trillini, M.; Eshrati, B.; Williams, H.C.; Shibuya, K.; Dandona, R.; Murth
y, K,; Cowie, B.; Amare, A.T.; Antonio, C.A,; Castafieda-Orjuela, C.; van Gool, C.H.; Violante, F.; Oh,
L.H.; Deribe, K.; Soreide, K.; Knibbs, L.; Kereselidze, M.; Green, M.; Cardenas, R.; Roy, N.; Tillmann,
T.; Tillman, T.; Li, Y.; Krueger, H.; Monasta, L.; Dey, S.; Sheikhbahaei, S.; Hafezi-Nejad, N.; Kumar,
G.A.; Sreeramareddy, C.T.; Dandona, L.; Wang, H.; Vollset, S.E.; Mokdad, A.; Salomon, J.A.; Lozano,
R.; Vos, T.; Forouzanfar, M.; Lopez, A.; Murray, C.; Naghavi, M.; Collaboration, Global Burden of Di
sease Cancer PMC4500822; The Global Burden of Cancer 2013. JAMA Oncol. 2015, 1, 505-527.

4. Simms, K.T.; Hanley, S.J.B.; Smith, M.A.; Keane, A.; Canfell, K. Impact of HPV vaccine hesitancy on
cervical cancer in Japan: a modelling study. Lancet Public Health 2020, 5, e223-e234.

5. Gilmour, S.; Kanda, M.; Kusumi, E.; Tanimoto, T.; Kami, M.; Shibuya, K. HPV vaccination programm
e in Japan. Lancet 2013, 382, 768.

6. Organisation for Economic Co-operation and Development Health Care Utilization: Screening. Availab
le online: https://stats.oecd.org/index.aspx?queryid=30159 (accessed on 7 September 2020).


https://ganjoho.jp/reg_stat/statistics/dl/index.html
https://ganjoho.jp/reg_stat/statistics/dl/index.html
https://stats.oecd.org/index.aspx?queryid=30159

291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342

Int. |. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW 9 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19

21.

22.

23.

24.

25.

Katanoda, K.; Hori, M.; Matsuda, T.; Shibata, A.; Nishino, Y.; Hattori, M.; Soda, M.; Ioka, A.; Sobue,
T.; Nishimoto, H. An updated report on the trends in cancer incidence and mortality in Japan, 1958-
2013. Jpn. J. Clin. Oncol. 2015, 45, 390-401.

Utada, M.; Chernyavskiy, P.; Lee, W.].; Franceschi, S.; Sauvaget, C.; de Gonzalez, A. B.; Withrow, D.
R. Increasing risk of uterine cervical cancer among young Japanese women: Comparison of incidence
trends in Japan, South Korea and Japanese-Americans between 1985 and 2012. Int. J. Cancer 2019, 144,
2144-2152.

Yagi, A.; Ueda, Y.; Kakuda, M.; Tanaka, Y.; Ikeda, S.; Matsuzaki, S.; Kobayashi, E.; Morishima, T.; Mi
yashiro, I.; Fukui, K;; Ito, Y.; Nakayama, T.; Kimura, T. Epidemiologic and clinical analysis of cervica
1 cancer using data from the population-based Osaka Cancer Registry. Cancer Res. 2019, 79, 1252-1259.
White, M. C.; Shoemaker, M.L.; Benard, V.B. PM(C5821231; Cervical cancer screening and incidence b
y age: Unmet needs near and after the stopping age for screening. Am. J. Prev. Med. 2017, 53, 392-395.
American Cancer Society Cervical Cancer Survival Rates | Cancer 5 Year Survival Rates. Available on
line: https:/[www.cancer.org/cancer/cervical-cancer/detection-diagnosis-staging/survival.html (accessed on 7 Sept
ember 2020).

Lorin, L.; Bertaut, A.; Hudry, D.; Beltjens, F.; Roignot, P.; Bone-Lepinoy, M.; Douvier, S.; Arveux, P.
About invasive cervical cancer: a French population based study between 1998 and 2010. Eur. ]. Obste
t. Gynecol. Reprod. Biol. 2015, 191, 1-6.

Andrae, B.; Andersson, T.M.; Lambert, P.C.; Kemetli, L.; Silfverdal, L.; Strander, B.; Ryd, W.; Dillner,
J.; Tornberg, S.; Sparén, P. PMC3291751; Screening and cervical cancer cure: population based cohort
study. BM] 2012, 344, €900.

Department of Industry, Labor, and Tourism TOCHIGI PREFECTURE. Available online: http://www.pre
f.tochigi.lg.jp/english/documents/english_2017_all.pdf (accessed on 7 September 2020).

Zaitsu, M.; Toyokawa, S.; Tonooka, A.; Nakamura, F.; Takeuchi, T.; Homma, Y.; Kobayashi, Y. PMC4
380962; Sex differences in bladder cancer pathology and survival: analysis of a population-based canc
er registry. Cancer Med 2015, 4, 363-370.

Quinn, B. A; Deng, X.; Colton, A.; Bandyopadhyay, D.; Carter, J. S.; Fields, E. C. PMC6338515; Incre
asing age predicts poor cervical cancer prognosis with subsequent effect on treatment and overall sur
vival. Brachytherapy 2019, 18, 29-37.

National Cancer Institute Joinpoint Regression Program, Version 4.7.0.0 - February 2019; Statistical M
ethodology and Applications Branch, Surveillance Research Program. Available online: https://surveillan
ce.cancer.gov/joinpoint/ (accessed on 7 September 2020).

Onuki, M.; Matsumoto, K.; Satoh, T.; Oki, A.; Okada, S.; Minaguchi, T.; Ochi, H.; Nakao, S.; Someya,
K.; Yamada, N.; Hamada, H.; Yoshikawa, H. Human papillomavirus infections among Japanese wom
en: age-related prevalence and type-specific risk for cervical cancer. Cancer Sci. 2009, 100, 1312-1316.

. Saotome T. The Reality of Sexuality for Teenage Girls in Japan. JMA] 2010, 53, 279-284.
20.

Organisation for Economic Co-operation and Development OECD Family Database. Available online:
http:/lwww.oecd.org/social/family/database.htm (accessed on 3 May 2020).

Ministry of Health, Labour and Welfare Vital Statistics 2018. Available online: https://www.mhlw.go.jple
nglish/database/db-hw/vs01.html (accessed on 3 May 2020).

National Institute of Population and Social Security Research The 15th Japanese National Fertility Sur
vey in 2015. Available online: hittp://www.ipss.go.jp/ps-doukoule/doukoul5/Nfs15R _points_eng.pdf (accessed o
n May 3, 2020).

Castandn, A.; Landy, R,; Cuzick, J.; Sasieni, P. PMC3891624; Cervical screening at age 50-64 years an
d the risk of cervical cancer at age 65 years and older: population-based case control study. PLoS Me
d.2014, 11, e1001585.

Zaitsu, M.; Kaneko, R.; Takeuchi, T.; Sato, Y.; Kobayashi, Y.; Kawachi, I. PMC6019265; Occupational i
nequalities in female cancer incidence in Japan: Hospital-based matched case-control study with occu
pational class. SSM Popul. Health 2018, 5, 129-137.

Cabinet Office, Government of Japan. An opinion poll on cancer control. Available online: https://surve
y.gov-online.go.jp/h28/h28-gantaisaku/index.html (accessed on 7 September 2020)


https://www.cancer.org/cancer/cervical-cancer/detection-diagnosis-staging/survival.html
http://www.pref.tochigi.lg.jp/english/documents/english_2017_all.pdf
http://www.pref.tochigi.lg.jp/english/documents/english_2017_all.pdf
http://www.oecd.org/social/family/database.htm
https://www.mhlw.go.jp/english/database/db-hw/vs01.html
https://www.mhlw.go.jp/english/database/db-hw/vs01.html
http://www.ipss.go.jp/ps-doukou/e/doukou15/Nfs15R_points_eng.pdf
https://survey.gov-online.go.jp/h28/h28-gantaisaku/index.html
https://survey.gov-online.go.jp/h28/h28-gantaisaku/index.html

Int. J. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW 10 of 10

© 2020 by the authors. Submitted for possible open access publication under the terms
@ ® and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).

343



