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Objective: To evaluate uterine and ovarian cancer mortality trends in East Asian countries.

Methods: For three Asian countries and one region {(Japan, Korea, Singapore, and Hong Kong), we extracted number of deaths
for each year from the World Health Organization (WHO} mortality database, focusing on women 220 vears old. The WHO
population data were used 10 estimate person-years at risk for women. The annual age-standardized, truncated rates were
evaluated for four age groups. We also compared age-specific mortality rates during three calendar periods (1979 1o 1988,
1989 to 1998, and 1999 to 2010). Jeinpoint regression was used to determine secular trends in mortality, To obtain cervical and
uterine corpus cancer mortality rates in Korea, we re-aliocated the cases with uterine cancer of unspecified subsite according to
the proportion in the National Cancer Incidence Databases.

Resuits: Overall, uterine cancer mortality has decreased in each of the Aslan regions. In Korea, corrected cervical cancer mortality
has declined since 1993, at an annual percentage change (APC) of ~4.8% (95% confidence interval [}, —5.3 to —4.4). On the
ather hand, corrected uterine corpus cancer mortality has abruptly increased since 1995 (APC, 6.7; 95% (I, 54 to &0}, Ovarian
cancer mortality was stable, except in Korea, where mortality rates steadily increased at an APC of 8.2% (95% (1, 34 t0 9.0)
during 1995 to 2000, and subsequently stabilized.

Conclusion: Although uterine cancer mortality rates are dedlining in East Asia, additional effort is warranted to reduce the
burden of gynecologic cancer in the future, through the implementation of early detection programs and the use of optimal
therapeutic strategies.

Keywords: Mortality, Ovarian neoplasms, Time trends, Uterine neoplasms

NTRODUCTION

Uterine and ovarian cancers are responsible for 10% and
2% of all cancer deaths worldwide, respectively, causing an
estimated 489,000 deaths annually. Indeed, cancers of the
cervix and ovary are respectively the fifth and seventh most

common causes of death from cancer in Asia [1]. It has been
estimated that the number of deaths due to uterine and ovar-
ian cancer will reach approximately 347,100 by 2020 in Asia
alone [1].

Mortality from cancers of the uterus and ovaries has been de-
clining in Western countries for decades [2-5]. The incidence
and mortality rates of gynecologic cancers in Asian countries
differ from those in Western countries. Cervical cancer remains
a major health problem in East Asia, although incidence rates
have been decreasing 16,7, In recent decades, East Asia has
experienced rapid economic growth and sodial transforma-
tion. These socioeconomic changes have resulted in improved
treatments and advances in screening. In particular, cervical
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cancer screening programs were introduced as early as the
1980s, and routine gynecologic examination has become
popular in East Asian countries. In addition, behavioral factors
such as delayed and reduced childbearing, use of hormone-
replacernent therapy, and reduced physical activity have aiso
become more prevalent among East Asian women. These
reproductive and lifestyle changes are associated with higher
incidences of uterine corpus and ovarian cancer [8,9]. Howsver,
there are few studies on temporal trend in gynecologic cancer
mortality in East Asian regions.

Specific trends in gynecologic cancer mortality differ widely
by geographic region, age group, and time period. The aim of
this study was to report and compare secular trends of uterine
and ovarian cancer in Hong Kong, Japan, Karea, and Singapore.
We designed our study to fully investigate the different cancer
trends that are present in different regions, age groups, and
time periods. In addition, we used national cancer incidence
data from Korea to correct cervical and uterine corpus cancer
mortality rates, which are otherwise substantially biased by
rrissing cancer subsite information in mortality databases.

MATERIALS AND METHODS

1. Dala source

The World Health Organization (WHO) obtains data on
deaths by age, sex, and cause of death, as reported annually
by member states based on their civil registration systems.
WHO compiles these data in the WHO mortality database.
The 4 East Asian regions with data available for longest period
were fapan, Singapore, Korea, and Hong Kong. The coverage
of cause of death in the registration systems had increased
over 85% since 1990, We extracted annual uterine cancer
mortality data for women aged 220 years in Hong Kong {1966
to 2009), Japan (1955 to 2010}, Korea {1985 to 2010}, and
Singapore (1966 to 2009 from the WHO mortality database
{101 Ovarian cancer mortality data were also extracted from
the same database for Hong Kong (2001 to 2009), Japan (1979
10 2010), Korea (1985 to 2010}, and Singapore {1979 to 2009
To obtain estimates of person-years at risk, we used WHO
population data [10].

Uterine cancer mortality was defined as deaths in the WHO
mortality database that were coded as (53 {uterine cervical
cancer), (54 (uterine corpus cancer), or (55 {unspecified
uterine cancer), according to the International Statistical
Classification of Disease and Related Health Problems, 10th
revision {ICD-10} [111 Assessment of ovarian cancer mortality
was based on the ICD-10 code (56, Uterine cervical cancer
and uterine corpus cancer have different etiologies and prog-

JGynecol Oncoi Vo
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noses, and the ICD-16 code T55 (which is, "uterus, unspecified
site”) makes it difficult 1o determine the exact cervical and
uterine corpus cancer mortality trends [12-151. To solve this
problem, we corrected the number of cervical cancer and
uterine corpus cancer deaths using death certificate data dur-
ing 1993 to 2010 from the Statistics Korea and data on cases of
unspecified uterine cancer from the National Cancer Incidence
Databases (NCIDB) of Korea [16]. To obtain a corrected count
of cervical cancer deaths, we multiplied the total number of
registered unspecified uterine cancer deaths {ICD-10: C55)
hy the proportion of registerad, incident uterine cancer cases
that were specifically coded as cervical cancer (CD-10: C53).
We then added the result to the deaths known to cause cervi-
cal cancer, thereby achieving at a corrected total of cervical
cancer deaths. Analogous methods were applied to obtain a
corrected estimate of uterine corpus deaths. The details of this
correction procedure have been described in a previous re-
port [171. As the personal identification number used for data
was deleted, this study did not require the ethical approval of
the Institutional Review Board.

2. Statistical analysis

Annual age-standardized mortality rates were estimated
using the world standard population [18]. Rates were age-
standardized to the Segi's 1960 world standard, using the
direct method. Annual percentage change (APC) was used
to compare changes in gynecologic cancer mortality by
age group within each time period. We also compared age-
specific mortality rates across three calendar periods (1979 to
1088, 1989 to 1998, and 1999 1o 2010). Trends in gynecologic
cancer mortality were assessed using joinpoint regression
model. This analysis was performed using the Joinpoint
software ver. 3.5.3 from the Surveillance Research Program
of the US National Cancer Institute (Bethesda, MD, USA) [19],
The joinpoint method identifies the best-fit lines through
several years of data. The method proceeds by fitting a series
of joined lines, which are straight on a logarithmic scale, to
trends in the annual age-adjusted cancer mortality rates. The
line segments are joined at points called joinpoints, each of
which indicates a statistically significant change in trend.

RESULTS

1. Uterine and ovarian cancer mortality rates

Table 1 presents age-standardized uterine and ovarian
cancer mortality rates per 100,000 women for each region. In
general, mortality rates due to uterine cancer are higher than
those due to ovarian cancer, During 1966 to 2009, Singapore
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experienced the highest uterine cancer mortality rates among
the four regions. I 2009, Korea had the lowest uterine cancer
mortality rates among these regions. Between 2000 and 2009,
Singapere had the highest ovarian cancer mortality rates,
Furthermare, Korea and Hong Kong had the lowest ovarian
cancer mortality rates.

2. Trevads in uterine cancer mortality rates

Fig. 1A presents overall trends in uterine cancer mortality
rates for each of the four East Asian regions. When certified
wierine cancer deaths (ICD-10: €53, (54, and (55} are plotied,
a significantly decreasing trend is evident throughout the
entire study period.

Indeed, overall, uterine cancer mortality rates significantly
declined across the study period for each of the four regions
{Table 2, Fig. 1A). During the entire study period, Singapore
had the highest uterine cancer mortality of the four regions,
atthough there has been a trend of decreasing uterine cancer
mortality in Singapore since 1966 {(APC, ~2.3%; 95% confi-
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dence interval [Cl], 2.6 to ~2.1} in Hong Kong, there was
an overall trend of decrease of uterine cancer mortality since
at feast 1966 (APC, —4.0%; 95% (1, —4.6 to —3.5). More rapid
reductions in uterine cancer mortality occurred in Japan be-
tween 1970 and 1990 (APC, ~4.9%; 95% Cl, ~5.1 to ~4.8) and
in Korea between 1994 and 2010 (APC, ~4.4%,; 95% {1, ~48 1o
~4.0). After 1990, however, the trend of decreased mortality
began to slow in Japan. In the three Asian countries and Hong
Kong, uterine cancer mortality rates have been declining sig-
nificantly in almost all age groups. Fig. 28 presents changes in
mortality rates by age group. Interestingly, the uterine cancer
mortality rates tended to increase among women 20 to 34
years of age in Japan and among women over 70 years of age
in Korea.

3, Trends in ovarian cancer mortality rate

Overall, no significant changes in ovarian cancer mortality
were observed, except in Korea and Japan (Table 2). In Korea,
ovarian cancer mortality rates significantly increased (APC,
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Fig. 1. Trends in uterine® and ovarian cancer mortality rates (age-standardized, women 220 years) obtained by jolnpoint regression for 4 female
Asian populations. {A) Uterine cancer, (B) Ovarian cancer. *Uterine cancer includes cervix uted {International Statistical Classification of Disease
and Related Health Problems, 10th revision [ICD-10] code C53); corpus uterd (JCD-10 code C54); and uterus, unspecified (ICD-10 code CS5).

Age-adjusted uterine cancer® death rate

Age-adjusted ovarian cancer death rate

Country Period (220 yr) per 100,000 women Period {220 yr} per 100,000 women
1970 1980 19490 2000 2009 1980 199G 2000 2009
HongKong  1966-2009 167 121 9.0 63 60 200122009 .~ S = 38
Japan 1955-2010 184 13 69 6.5 6.2 1979-2010 46 55 53 53
Korea 1985-2010 = = 108 78 5.3 1985-2010 = = 34 38
Singapore 1966-2009 21.7 17.1 125 11.9 7.2 1979-2009 - - 6.1 5.7

*Uterine cancer includes cervix uteri (International Statistical Classification of Disease and Related Health Problems, 10th revision [ICD-10] code
C53); corpus uteri (CD-10 code €54} and uterus, unspecified (1CD-10 code C55).
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Fig. 2. Uterine and ovarian cancer montality by age group, period, and region. (A) Utering cancer. {B) Ovarian cancer. *Uterine cancer includes
cervix uteri Intermnational Statistical Classification of Disease and Related Health Problems, 10th revision [ICD-10] code C53); corpus uteri (ICD-10
code C54); and uterus, unspecified (ICD-10 code C55).

Table 2. Estimated annual percentage change of gynecologic cancer death rates, with 95% Cls

Trend 1 Trend 2 Trend 3
Year APC 959% Cl Year APC 95%Ci Year APC 950% C|

Uternecancert - 0 0 L E ST =
 HongKong: 19662008 . 40" —46-35 .
 Japan 19551970  -32'  ~34,-30 1970-1990 -49'  -51,-48 1990-2010 - ~04,-0.1
Korea  1985-1994  -14'  -23,-05 1994-2010 -44°  -48-40 ' e
_ Singapore  1966-2009  -23'  -26,-21 * ‘ T
Ovarian cancer

Heong Kong 2001-20092 -0.4 -31,23

Japan 1990-1997  11% 0418  1997-2000 ~31  -79,20 20002010 0.0 ~04,0.4

Korea 1995-2000  62' 34,90 20002010 1.1 00,23

Singapore 1991--2009 -0.5 -16,05

APC, annual percentage change; Cl, confidence interval.
*Uterine cancer includes cervix uteri {International Statistical Classification of Disease and Related Health Problems, 10th revision {ICD-10] code
C53); corpus uteri (ICD-10 code C54); and uterus, unspecified (ICD-10 code C55). "The APC is significantly different from zero {(p<0.05}.
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Table 3. Calculation of the corrected cervical cancer and uterine corpus cancer deaths in Korea (1993 10 2010)
No. of deaths by cause of death®
Uterine, unspecified (55} Proportion among all cancer {8 Corrected deaths

Year Uterine,  Uterine, . Registered as cancer incidence cases”
cervix carpus Uterw}g, Registered as Litering Uterine, Uterine, cervix  Uterine, corpus  Uterine, cervix  Utarine, corpus
©53)(A) (C54)(a) unspecified Regi a ering, jterine, 2rine, carvix Fine, cory 2rine, cervi erine, :; :
cs5yBy  cancerofall cervix Corpus E=0y {ej=(d)/ {Gy=(A) gi={ays
sites {()* €831 {C54) iy X100 {Ox100 By {EV100  (BIX{E/100

1993 416 4 944 5432 419 22 773 4.1 1,125 50
1994 548 925 575 450 27 783 4.7 1,268 55
1995 544 29 839 576 448 26 778 45 1,192 69
1996 656 29 714 483 282 26 7.1 54 1,213 65
1997 680 30 709 507 384 28 757 55 1216 67
1998 606 37 665 511 395 31 773 6.1 1,116 78
1599 890 38 593 476 345 40 725 84 1,118 85
2000 726 50 534 431 328 33 76.1 7.7 1,134 87
2001 807 56 485 419 313 37 747 88 1177 S 96
2002 1009 120 252 166 104 17 62.7 10.2 1,168 143
2008 1A 146 140 94 54 o9 574 96 1w 157
2004 1078 125 122 72 28 14 389 19.4 1,135 144
2005 1,066 151 128 84 4 22 500 262 1,133 183
2006 1002 146 92 60 28 11 46.7 183 1,045 163
2007 987 165 89 43 22 21 349 - 333 14018 195
2008 954 210 97 77 41 1 53.2 273 1,007 236
2000 949 221 87 66 24 13 364 197 o982 “238,
2010 a56 222 94 67 25 23 37.3 343 995 249
Total 14,785 1,787 7519 5,269 3832 421 615 14 20,235 2360

*National death certificate data, Statistics Korea. "Korea National Cancer Incidence Databases.

2.6%; 95% (1, 1.8 to 3.5) across the entire period {1995 to
2010}, Especially, rapid increase in ovarian cancer mortality
occurred during 1995 to 2000 (APC, 6.2%; 95% (], 34 to 90). In
Japan, ovarian cancer mortality rates began to increase during
1990 to 1997 (APC, 1.19%; 95% (1, 0.4 to 1.8). Subsequently,
the mortality rates appeared to decline, but the reduction
was not statistically significant. Fig. 1B presents overall
trends in ovarian cancer mortality rates for the four regions
that were investigated in the current study. Fig. 2B presents
ovarian cancer mortality by age group, again for each of these
four regions. Among women older than 70 years, prominent
increasing trends were found in Japan, Korea, and Singapore.

4. Corrected trends in uterine cervin and corpus mortality
rates in Korea
Table 3 presents our method of correcting the number of
annual deaths due 1o uterine cervix and uterine Corpus cancer,
based on the NCIDB in Korea. The proportion of all uterine
cancer deaths with unspecified subtype was the highest in
1993 (69.2%) and gradually diminished until 2010 {7.4%j),

178  www.ejgo.org

which suggest significant improvement of quality of the death
certificate over the past two decades.

Fig. 3 presents the overall trends in cervical and uterine
corpus cancer mortality rates in Korea, using the corrected
estimates of mortality. After corrections, it was evident that
overall age-standardized cervical cancer mortality rates
significantly declined during 1993 to 2010 (APC, ~4.8%; 95%
Cl, =5.3 10 ~4.4}. On the other hand, increase in corrected
uterine corpus mortality rates were observed during 1995
to 2010 (APC, 6.7%; 95% Cl, 5.4 to 8.0). Suppl. Table 1 and
Fig. 1 present changes in mortality rates by age group.
Whereas cervical cancer mortality rates have been declining
significantly in almost all age groups, a nonsignificant trend of
increasing mortality rates was found among women 20 to 34
years of age after 2004 (APC, 64%; 95% Cl, =26 10 16.2).

DISCUSSION

In the present study, we compared and assessed secular
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trends of gynecologic cancer mortality among four East Asian
female populations, including specific examinations of age-
specific mortality, In some European countries, aver 70% of
deaths from uterine cancer were allotted to "uterus unspeci-
fied” during 1960; however, this proportion had reduced to
30% by around 1995 [14]. In Korea, a proportion of classifica-
tion of “uterus, unspecified” has decreased from 69.1% of uter-
ine cancer deaths in 1993 to 184% of uterine cancer deaths
in 2002 [17]. We corrected the counts of cervical cancer and
uterine corpus cancer deaths by referencing NCIDB in Korea.
Our correction procedure allowed us to estimate separate
maortality rates for cervical and uterine corpus cancer, After
correcting the WHO mortality data, we found that cervical
cancer mortality rates had decreased since at least 1993. On
the other hand, the corrected data also revealed a trend of
increasing uterine corpus cancer mortality rates, which began
during or before 1995,

Considering the similar cancer mortality patterns that we
observed across the four Asian regions, it is likely that the ma-
jority of deaths registered as “uterus, unspecified site” are the
result of cervical cancer, as we found in Korea. Therefore, the
overall trend of declining uterine cancer montality might be
attributed to the specific decline in cervical cancer mortality.
This finding is also confirmed by gynecologic cancer mortality
statistics from the Singapore Cancer Registry (Suppl. Fig. 2)
[201.

Cervical cancer mortality has been decreasing in most de-
veloped countries, possibly as a result of early diagnosis and
improved treatments [12,21-23]. Two causes likely explain the
majority of the trend of decreasing cervical cancer mortality
that we found in the four East Asian regions. First, mortality
reductions have resulted from trends of decreasing incidence.

necol Oncol Vol 25 No

Particularly, cervical cancer incidence has decreased as lesions
have been detected increasingly early, when they are pre-
cancerous. The value of cervical cancer screening programs
is widely accepted, and national screening programs for
cervical cancer have been introduced in Japan {1983}, Korea
{(1988), Talwan (1995), and Hong Kong (2004). Cervical cancer
screening programs have led to decreases in the incidence of
invasive cervical cancer in Japan [7], Korea [24], and Taiwan
[25]. Further, successful treatment of precancerous lesions
{such as intraepithelial neoplasm and carcinoma in situ) has
resulted in a decreasing trend of invasive cervical cancer.
Second, mortality reductions have resulted from advances
in cervical cancer therapy, particularly the introduction of
concurrent chemoradiation. In 1999, Keys et al. [26] demon-
strated that concurrent chemoradiation is associated with
better outcomes than radiation alone. Since then, concurrent
chernoradiation has been accepted as a standard treatrment in
the form of either a primary treatment or adjuvant treatment
after surgery.

A worrying finding of our study was that uterine cancer
mortality rates appeared 1o be increasing among women
<50 years in Japan. Most deaths from uterine cancer among
women <50 years can be attributed to cervical cancers [14].
Accordingly, the trend of increasing uterine cancer among
younger women in Japan may reflect the trend of increasing
cervical cancer incidence in this same population [27-29].
In Korea, cervical cancer mortality rates tended to increase
among women 20 to 34 years of age after 2004, Although
this increase was not statistically significant (APC, 6.4%; 95%
Cl, ~2.6 to0 18.2), further efforts are required to improve the
outcomes in this young age group.

Despite decreasing trends of cervical cancer mortality in
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Asian countries, cervical cancer still has the second greatest
incidence of all cancers among young women in East Aslan
countries [30]. Because cervical cancer has been demonstrated
10 be g preventable disease, additional efforts are warranted
in East Asia. Specific strategies 1o prevent cervical cancer are
required, including both primary and secondary preventive
measures, such as human papillornavirus vaccination and
national cervical cytology screening.

Although the trends of decreasing cervical cancer mortafity
are promising, our results show an abrupt increase in utering
corpus cancer mortality in Korea. This finding should be inter-
preted in the context of the abruptly increasing incidence of
endometrial cancer i East Asla {7,311, Uterine cancer is mainly
diagnosed amang postmenopausal wornen, Endemetrial can-
cer constitutes the majority of cases, while uterine sarcoma is
a rare malignancy that accounts for approximately 3% of ail
uterine cancers {32, Although endometrial cancer is the most
common malignancy of the fernale genital tract in Westermn
countries, its incidence is rather fow in East Asia [33]. Changes
in risk factors, especially those associated with lifestyle, have
heen suggested as the principal cause of the increasing
endometrial cancer incidence in East Asla 311 in particular,
one of the established risk factors for endometrial cancer is
an increase in unopposed estrogen, which can result from
obesity or diabetes mellitus. Based on the trend of increasing
uterine corpus cancer incidence that has been reported 134},
we suggest that the burden of mortality from uterine corpus
cancer wili also increase in East Asia within the near future.

A troubling finding of the present study was the persistently
high pattern of ovarlan cancer mortality rates in Hong Konag,
Japan, and Singapore, along with the trend of increased mor-
tality in Korea. In Korea, increases in ovarian cancer mortality
rates were found for all age groups, except women 20 to 34
vears of age. In Japan and Singapore, it appeared that past
age-specific decreases ovarian cancer mortality were reversing,

in the United States, ovarian cancer mortality rates leveled
off during the 1980s and declined during the 1850s, with
ar annual average change of 0.9% (351 Three or more years
of oral contraceptive use reduces the risk of ovarian cancer,
and consequently, widespread use of oral contraceptives has
contributed to the trend of declining mortality [361 Although
oral contraceptives have long heen the most common method
of contraception for women in the United States and European
countries, the rate of contraceptive use in East Asia has been
substantially lower. The proportion of the Chinese women
who used pills was only 2.1% in 2006 [37], while approximately
30% of European women used oral contraceptives in 2003
[381, Therefore, the protective effects of oral contraceptives
only contribute minimatly to population cancer rates in Korea.

180  www.ejgo.org

i addition, early age at menarche age at menopause,
lower fertility rates, and cther reproductive factors are alse
risk factors for ovarian cancer. Korea and Japan are among the
countries that have the lowest total ferdlity rates. indead, the
total fertility rate has remained below 1.3 in Korea since 2005
391 Last Asia underwent rapid industrialization during the
1960s, and Asian women born after the 1960s have tended
to undergo menarche at earlier, delay childbirth, and have
reduced fertifity rates. The very low fertility rate and the low
use of oral contraceptives will presumably sustain the trend
of increasing ovarlan cancer rates In East Asia [40]. Considering
that epithelial ovarian cancer is mostly found at an advanced
stage, and has low survival rates, we expect the burden from
ovarian cancer 1o increase in Asian countries. Therefore,
improvements to optimal cytoreductive surgery and new
therapectic modalities are urgently required for ovarian cancer.

In the current study, most of the deaths due to ovarian
cancer occurred in women older than 50 years. Mortality rates
for wormnen over 70 vears of age showed an increasing trend
in Asian countries, while rates for women younger than 35
years remalned stable or decreased. The present study shows
that mortality rates for women over 70 years of age have
doubled in past 20 years in Korea and Singapore. Considering
that ovarian cancer incidence has not increased abruptly
during the same period {and indeed has remained stable) [34],
the increasing wend of mortality in old age groups could be
the result of under treatment of ovarian cancer [41]. Elderly
patients have been less likely to undergo standard treatments
for ovarian cancer, such as optimal debulking surgery, and
have been less likely to complete chemotherapy. Indeed, it
has been reported that, among patients who do receive opti-
mal treatment, old age is not an independent poor prognostic
factor {421

The main limitation to this study is the presence of "uterus,
unspecified site” as the cause of death on many death certifi-
cates. This made it impossible to evaluate cervical and uterine
corpus cancer trends separately, based on the WHO mortality
database alone. We corrected Korean cervical and uterine
corpus cancer maortality rates using Korea NCIDB, However, we
were unable to correct the mortality rates for other regions.
In addition, this study is limited by several problems that are
inherent to the WHO mortality database. Specifically, some
mortality data are incomplete and the database does not
include full coverage of all deaths in every region. Inaccuracies
in death registration coverage and cross-national differences
in coding practices should be considered when applying the
results of this study. 4

In conclusion, uterine cancer mortality has decreased in
Hong Kong, Japan, Korea, and Singapore. After correcting the
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cervical and uterine corpus mortality rates in Korea, a signifi-
cant trend of decreasing mortality was found for cervical can-
cer, and a trend of rapidly increasing mortality was observed
for uterine corpus cancer. The most important contributor
to declines in cervical cancer mortality has been the early
diagnosis and improved treatments. Overall, ovarian cancer
mortality was stable in East Asia, with the exception of Korea.
A continuing increase in ovarian cancer mortality should be
expected hecause of trend of increasing incidence in East Asia.
Preventive measures, early detection programs, and standard
use of optimal therapeutic strategies are urgently required,
particularly for oider age groups. Such improvements could
include obesity control programs, increases in fertility, wider
oral contraceptive use, optimal cytoreductive surgery, and
novel target agents.
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Objective: Human papillomavirus vaccines are being introduced worldwide and are expected
to reduce the incidence of cervical cancer. Here we report a cross-sectional study using a vali-
dated human papillomavirus genotyping method to reveal the human papillomavirus prevalence
and genotype distribution in Japanese women with cervical intraepithelial neoplasia Grade 2/3
and invasive cervical cancer.

Methods: Cervical exfoliated cells were collected from 647 patients with abnormal cervical
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Grade 3, n= 334; and invasive cervical cancer, n= 149), and subjected o the PGMY-
PCR-based genotyping assay. The association between human papillomavirus infection and
lesion severity was calculated using a prevalence ratio.

Results: Overall, the prevalence of human papillomavirus deoxyribonucleic acid was 96.3% in
cervical intraepithelial neoplasia Grade 2, 88.8% in cervical intraepithelial neoplasia Grade 3 and
88.0% in invasive cervical cancer (97 .8% in squamous cell carcinoma and 71.4% in adenocarcin-
oma). The three most prevalent types were as follows: human papiliomavirus 16 (29.3%}, human
papillomavirus 52 (27.4%) and human papillomavirus 58 (22.0%) in cervical intraepithelial neopla-
sia Grade 2; human papillomavirus 16 (44.9%), human papillomavirus 52 (26.0%} and human
papillomavirus 58 (17.4%) in cervical intraepithelial neoplasia Grade 3; and human papiliomavirus
16 (47.7%), human papillomavirus 18 (23.5%) and human papiliomavirus 52 (8.7%) in invasive
cervical cancer. The prevalence ratio of human papillomavirus 16 was significantly higher in cer-
vical intragpithelial neoplasia Grade 3 compared with cervical intraepithelial neoplasia Grade 2
{prevalence ratio, 1.62; 95% confidence interval, 1.26—2.13) and in squamous cell carcinoma
compared with cervical intraepithelial neoplasia Grade 3 (prevalence ratio, 1.55; 95% confidence
interval, 1.25-1.87). Muitiple infections decreased from cervical intraepithelial neoplasia Grade
213 (38.4/29.6%) to invasive cervical cancer (14.1%), whereas co-infections with human papillo-
mavirus 16/52/58 were found in cervical intraepithelial neoplasia Grade 2/3.

Congclusions: The resulis of this study provide pre-vaccination era baseline data on human papil-
fomavirus type distribution in Japanese women and serve as a reliable basis for monitoring the
future impact of human papillomavirus vaccination in Japan.
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INTRODUCTION

Persistent infection with a subset of human papillomaviruses
{(HPVs). known as high-risk HPVs, is a primary cause of the
development of cervical precancerous lesions and invasive
cervical cancer (ICC) (1). At least 15 genotypes (HPV16, 18,
31,33, 35,39, 45,51, 52, 56, 58, 59, 68, 73 and 82) arc recog-
nized as high-risk HPVs (2), among which HPV 16 is most fre-
quently detected in ICC cases worldwide, followed by
HPV18. Recent worldwide introduction of HPV vaccines tar-
geting HPV16/18 (Cervarix® and Gardasil®) is expected to
prevent incident HPV16/18 infection, thereby reducing cer-
vical cancer cases (3). However, clinical trials on HPV vac-
cines have so far only evaluated its efficacy in preventing
precancerous lesions, including cervical intraepithelial neo-
plasia (CIN) Grades 2 and 3. as a surrogate clinical endpoint,
and its final effect on reducing 1CC cases is not yet proven.
Because the progression into ICC generally requires =10
years of persistent HPV infection, HPV type distribution in
CIN2/3 lesions in the general population provides an carly in-
dicator to assess the effectiveness of HPV vaccination and
thus to estimate any subsequent reduction in ICC cases.

East Asian countries including China, Korea and Japan show
region-specific variation in HPV type distribution in 1CC cases
{4). In particular, HPV32 and HPVS5R are more prevalent in
these countries compared with Europe, North America and
Africa (3, 6). Previous studies report that HPV16/18 cause the
majority of ICC cases in Japan (7—10}, ranging from 50 to 70%,
whereas HPVS52/58 are individually detected in ~7% of
Japanese ICC cases. Since the HPV vaccines against HPV16/18
infection have exhibited only a limited efficacy for cross protec-
tion against other high-risk HPVs (11) it is important to monitor
the prevalence of HPV52/58 in CIN2/3 and 1CC cases in order
to evaluate whether type-replacement occurs in post-vaccination
era Japan.

In this study, we used a validated HPV genotyping method
(123 to record the most recent data on the prevalence and type
distribution of high-risk HPVs in Japanese women with CIN2/3
lesions and ICC. The results provide reliable baseline data on
the HPV type distribution in Japanese women with precancerous
{esions and cervical cancer that will enable accurate assessment
of any future impact from HPV vaccination in Japan.

PATIENTS AND METHODS
Srupy SUBIECTS AND SPECIMEN COLLECTION

We enrolled 647 Japanese women who were histologically
diagnosed with CIN2/3 or ICC by punch biopsy or cervical
conization (CIN2, n = 164; CIN3, n = 334; and ICC, n =
149} at three hospitals in the Tokyo metropolitan area (NTT
Medical Center Tokyo, Keio University Hospital, and The
University of Tokyo Hospital) from September 2009 to
December 2013, Histological diagnosis was made using
hematoxylin—eosin-stained sections according to the World
Health Organization (WHO) classification by experienced
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pathologists at each hospital. When diagnoses between punch
biopsy and cervical conization were discordant, a higher grade
of histology was taken as final diagnosis. The mean age +
standard deviation and age range in each histological grade

38.9 & 8.0 years (2167 years)y; 1CC, 48.0 £ 14.9 years (27—
88 years). In Japan, Cervarix® and Gardasil®™ were approved
for use in 2009 and 2011, respectively, but all the study partici-
pants reported no history of HPV vaccination except for one
CIN2 case that had recently been administered with Gardasil®.

Before histopathological diagnosis, cervical exfoliated cells
were collected in Thinprep® media using a Cervex-brush®™
combi for subsequent HPV genotyping. The study protocol
was approved by the Ethics Committee at each hospital and
the National Institute of Infectious Diseases, and written
informed consent for study participation was obtained from
each patient,

HPV GeNOTYPING

DNA extraction and HPV genotyping were centralized in a la-
boratory at the National Institute of Infectious Diseases. Total
DNA was extracted from a 200-p! aliquot of cervical exfoliated
cells using the QIAamp DNA Blood Mini Kit (Qiagen) and a
MagNA Pure LC 2.0 (Roche Diagnostic). An aliquot of the
purified DNA was then used for PCR amplification with
AmpliTag Gold® polymerase (GE Healthcare Bio-Sciences),
biotinylated PGMY09/11 primers to amplify the LT DNA of
mucosal HPVs, and biotinylated HLA primers to amplify cellu-
far FILA DNA. Positive control (0.1 pg/mL of HPV16 DNA as
a plasmidy and negative control (dH>O) were included to verify
the sensitivity of PCR and menitor contamination of HPV DNA
in reagents. The PCR products were run on 1.5% agarose gels to
assign the positivity of HPV DNA amplification and to confirm
the integrity of the extracted DNA by amplification of HLA
DNA. Reverse blotting hybridization was performed as
described (12, 13). Briefly, 15 ul denatured PCR products were
allowed to hybridize with oligonucieotide probes specific for 31
HPV types (HPV6, 11, 16, 18,26, 31, 33,34, 35,39, 40,42, 44,
45, 51,52, 53, 54,55, 56,37, 58, 539, 66, 68, 69, 70, 73, 82, 83,
and 84) immobilized on a Biodyne C membrane (Pall corpor-
ation) using a Miniblotter MN43 (Immunetics, Cambridge,
MA, USA). The hybridized DNA was detected using streptavi-
din—HRP (GE Healthcare Bio- Sciences, Piscataway, NJ, USA)
and the ECL detection reagent (GE Healthcare Bio-Sciences).
For adenocarcinoma samples with negative results from the
L1 PCR, E6 PCR was performed using PCR Human
Papillomavirus Typing Set {Takara, Ohtsu. Japan) that detects
HPV16, 18, 31, 33,35, 52 and 58.

STATISTICAL ANALYSIS

A generalized linear model with binomial distribution and log
link was used to calculate the prevalence ratio (PR) of high-
risk HPVs between different histological grades with 95%
confidence intervals (Cl). The PR was adjusted with the
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Fable 1. Human papillomavirus (HPV) genotype distribution in CIN2/3 in Japunese women

Type CINZ (5 = 164) % CING (n = 334) % PR (CIN3 vs. CINZ) (95% C1) P (Wald test)
High risk: )
16 a8 203 150 449 1.62 (1.26-2.13) 0.0003%*
18 " 67 24 72 103 (0.53-2.15) 0.93
26 I 0.6 o 0.0 ND
31 16 9.8 42 126 1.30(0.77-2.32) 0.3s
3 6 37 15 45 1,33 (0.54-3.69) 0.55
35 5 3.0 6 18 0.63 (0.19-2.19) 0.45
39 6 a7 8 24 0.67(0.23-2.03) 0.46 g
4 4 24 3 0.9 (.35 (0.67—1.61) 048 g
51 16 9.8 20 6.0 0.65 (0.34-125) 0.18 &
52 45 274 87 26.0 0.93 (0.68--1.28) 0.63 )
53 10 6.1 4 12 0.23 (0.06-0.69) 6013+ z
56 9 553 8 24 0.43(0.16-1.12) 0.08 2
58 36 248 58 174 (.81 (0.561.20) 028 g
59 | 0.6 ! 03 0.41 (0.02-10.5) 0.53 Z
66 3 18 3 0.9 0.39 (0.08-1.78) 022 £
68 5 3.0 5 L5 0.6 (0.18-2.35) 051 2
73 0 0.0 o 0.0 ND 4
82 8 49 10 3.0 (.66 (0.26-1.72) 038 =
Lo risk g
6 3 18 6 L8 =
1 2 12 b 0.0 é
40 { 0.6 0 0.0 &
a2 | 0.6 0 0.0 E
43 0 0.0 0 0.0 2
44 | 0.6 0 0.0 :
54 2 12 2 0.6 EX
55 4 24 2 0.6 =
57 0 0 0 0.0 p
9 3 18 i 03 £
<
70 2 12 i 0.3 b
83 0 0.0 1 03 =
84 0 0.0 2 0.6 -
Negative 6 3.7 4 1.2
Multiple 3 384 99 206

Single and muitiple infections combined.

FEL Q001 AP < 0.05; ND, not determined. Statistically significant values are indicated in boldface.

One case having HPV vaceination history (HPV16, 18, 33 and 58 positive) is included in CIN2.

CINZ, cervical intracpithehal neoplasia Grade 2: CIN3, cervical intraepithelial neoplasia Grade 3; PR, prevalence ratio; Cl, confidence interval,

women’s age af the time of diagnosis. Pearson’s y° test with ~ RESULTS
Yates” continuity correction was used to examine differences
in the proportion of HPV infections. Two-gided P values were
calculated and considered to be significant at <0.05. All Overall, HPV DNA was detected in 138 of the 164 CIN2
statistical analyses were performed using R version 2.11.1. cases (96.3%), 330 of the 334 CIN3 cases (98.8%) and 131 of
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