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Epidemiological characteristics of ovarian cancer in Korea
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Objective: This study was conducted to examine recent trends in ovarian cancer incidence and mortality and secular
trends in demographic factors in Korea.

Methods: With the data from Korea Central Cancer Registry, International Agency for Research on Cancer, Korean
Death Registry, and World Health Organization’s Statistical Information System, we calculated age-standardized
incidence and mortality rates for ovarian cancer. Also we estimated future incidence of ovarian and cervical cancer
using linear regression model. To assess the demographic trend, data from national surveys in Korea or results from
published papers were searched.

Results: Ovarian cancer incidence rate was similar to that in women worldwide but lower than those in Western
countries, and the trend has been increased steadily. Ovarian cancer-related mortality rates have been increasing in
Korea, even though those in western and some Asian countries, such as China, have been decreasing. Age-specific
incidence rate and mortality rate showed steep increases with advancing age. The incidence rate of ovarian cancer was
estimated to surpass that of uterine cervix cancer in 2015. Korea showed rapid changes in nutritional, reproductive,
and anthropometric factors.

Conclusion: These recent trends in ovarian cancer incidence and mortality may be partly attributed to gradual
westernizing of life styles and to changes in socio-demographic behavior factors. In particular, the increasing trend in
ovarian cancer mortality in Korea may be attributed to a real rise in mortality as well as, in part, a decline in

misclassification bias related to an increase in the proportion of deaths confirmed by physician diagnosis.
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INTRODUCTION

Ovarian cancer is the second most common gynecological
cancer in western women and the most common in the UK."?
Also, it is the second commonest gynecological cancer, next to
uterine cervix cancer, in Korea.* From 1999 to 2007, ovarian
cancer (International Classification of Diseases Code 10
[ICD10]: C56) ranked ninth or tenth among women, and the
incidence rate for ovarian cancer has been relatively stable
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over time, although a slight increase in the incidence rate has
been reported.” In contrast, mortality rates for ovarian cancer
have been increasing in Korea, even though those in western
countries and some Asian countries such as China have been
decreasing."*” In this report, we examined the recent trends
in ovarian cancer incidence and secular trends in demographic
factors of the population in Korea in order to uncover addi-
tional factors in ovarian cancer etiology.

MATERIALS AND METHODS

1. Cancer incidence
The Korea National Cancer Center produced the incidence da-
ta for cancers based on data collected by the Korea Central
Cancer Registry, eight regional cancer registries, national death
certification, and nationwide health insurance data. The base-
line population for cancer incidence estimation covers most of
the entire population of Korea.® For the time-trend analysis and
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international comparison, we used direct age-standardized in-
cidence rates for ovarian cancer (ICD10: C56) using the Segi
world standard population.” We used nationwide ovarian can-
cer incidences for the period 1999-2007.* For comparison of
rates with other countries, ovarian cancer rates from the USA,
UK, and Japan, were obtained from the International Agency
for Research on Cancer (IARC) publication, Cancer Incidence
in Five Continents Volume VIIL® The age group 75+ was an
aggregate of age groups 75-79, 80-84, 85-89, 90-94, 95-99, and
100+.

2. Mortality

Based on national death certification data, annual age-specif-
ic death rates for ovarian cancer in Korea were acquired from
the Korea Statistical Information System (KOSIS) of the
National Statistical Office in Korea’ for the years 1983-2008.
Ovarian cancer rates for the USA, UK, and Japan were ob-
tained from Surveillance, Epidemiology and End Results
(SEER) statistics,'® and from the Mortality Database of the
World Health Organization (WHO)’s Statistical Information
System.'' All mortality rates were age-adjusted to the Segi
world standard population’ using the direct method. Our age
group 80+ was an aggregate of the age groups 80-84, 85-89,
90-94, 95-99, and 100+.
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3. Future incidence estimation of ovarian cancer and
uterine cervix cancer
Using the incidence rates of ovarian cancer and uterine cervix
cancer from 1999 to 2007, we established a linear regression
model to estimate the future incidence rate. The regression
model was as follows: Yi= @ + 8 tx, where ty=calendar year and
Yi=age-standardized incidence rate. We obtained the best-fit
@ and £ values using the regression model, and the estimated
incidence rates after 2008 were calculated by extrapolation.

4. Demographic factors

We accessed the Demographic factors in the three aspects -
nutritional factors, reproductive factors, and anthropometric
factors. To study the changes of nutritional factors, the national
data on food consumption from the reports of Korea National
Health and Nutrition Examination Survey (KNHANES) by the
Ministry of Health and Welfare,'* which was based on the
amount of nutrients per capita in the food available for con-
sumption in Korea were obtained. Data from national surveys
or results from published papers were obtained for re-
productive and anthropometric factors. If data from national
surveys existed, they were primarily considered but if not, re-
sults from papers were considered as alternatives. The sources
that we used are described in the Table 1 and Fig. 1.

Table 1. Changes in reproductive, anthropometric and daily dietary intake patterns in Korea

Variables [reference] Results Results Change per year
Reproductive factors
Age at menarche (mean) [13,14] 16.9' 13.8° —0.05
12.0° —0.07
Proportion of women whose menopausal age is over 55 years old (%) [15] 6.5" 9.1° +0.33
Oral contraceptive intake rate (%) [16] 7.8° 1.77 —0.22
Age at marriage (mean) [17,18] 23.3¢ 28.7° +0.19
Crude birth rate (per 100,000) [17,18] 31.2¢ 9.0° -0.77
Total fertility rate (per a woman) [17,18] 453 1.15° —0.12
Proportion of the over three children (%) [17] 38.4" 9.6 —0.96
Age at first childbirth (mean) [17] 24.72 3021 +0.22
Breast feeding rate (%) [19] 90.0° 24.2M —2.53
Infertility rate (%) [20] 13.5" 26.2° +1.41
Anthropometric factors [21]
Mean BMI of female aged 40-49 (kg/m’) 229" 23.6° +0.03
Mean weight of female aged 40-49 (kg) 53.7' 57.4° +0.17
Mean height of female aged 40-49 (cm) 153.1' 156.1° +0.12
Daily dietary intake factors (%)
Proportion of calories from fat 8.6" 18.4° +0.3
Proportion of calories from protein 12.8'° 14.6° +0.05
Proportion of fat intake from meat and meat products 6.0" 44.2° +1.16
Proportion of protein intake from meat and meat products 2.3%° 45.6° +1.31
Cancer incidence (per 100,000) [22]
Ovarian cancer incidence rate among women 5.5 6.2 +1.7
Breast cancer incidence rate among women 24.5"7 39.9' +6.6
Colorectal cancer incidence rate among women 17.17 24.3'8 +5.3

"Those born in 1920-1924. *Those born in 1980-1985. *Those born in after 1990. *Year of 1996. *Year of 2004. ®Year of 1976. "Year of 2006.
8¥ear of 1970. *Year of 2009. Year of 1975. 'Year of 2005. *Those born in 1955. *Those born in after 1980. *Year of 2006. *Year of 2000.

%Year of 1979. "Year of 1999. *®Year of 2007.
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Fig. 1. Changes in dietary patterns in Korea.
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RESULTS

Fig. 2 shows the age-adjusted incidence of ovarian cancer in
some countries.® Global ovarian cancer incidence rate was 6.3
per 100,000 women-years, and that among Korean women
was similar to that of women worldwide (5.8 per 100,000
women-years).

Although the periods for which incidences have been re-
ported were variable, ovarian cancer incidence rates in Asian
countries, including Korea, were lower than those in Western
countries, including the USA, the UK, and France. The in-
cidence for women in Israel, in which a large proportion of
population are Caucasian, was higher than those of other
Asian countries. Rates in Korea exceeded only those in China
and Egypt where ovarian cancer incidences have been among
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source: KOSIS, 1983-2005. SEER,
1975-2007.

the lowest in the world.

Fig. 3 shows the trend of age-adjusted incidence and mortal-
ity rates related to ovarian cancer in two western countries
(the USA and the UK) and two Asian countries (Japan and
Korea). In Korea, the nationwide incidence of ovarian cancer
was 5.5 per 100,000 women-years in 1999, 5.2 per 100,000
women-years in 2000 and 2001, 5.4 per 100,000 women-years
in 2002, and 5.5 per 100,000 women-years in 2003-2005. The
incidence rate in 2005 rose relative to that of 2000 (5.8% in-
crease); however, the rate in 2005 was not changeable (0%)
relative to that of 1999. The age-adjusted incidence rates in
Japan has been increasing, while those in the USA have shown
a decreasing trend since 1975. Those in the UK had increased
until 1997, but since then have decreased. Relative to the in-
cidence rate in 2000, the rate in 2004 rose 16.0% in Japan,
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Fig. 4. Age-specific incidence (1999-2007) and mortality rate (1983-2008) in Korea.
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Fig. 5. Yearly changes in age-specific incidence (1999-2007) and mortality rates (1983-2008) in Korea.
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the incidence in 2005-2007 had increased. In particular, the in- Tine cervix cancer in Korea.

cidence gap between 1999-2001 and 2005-2007 was first ex-

hibited in the 25-29 age group and the gap became wider with 1999 to 2007, age-specific incidence rates in the youngest age-
increases in age categories. The mortality gap between 1983- groups (under 34 years old) were not changeable, whereas the
1987 and 2003-2008 started in age category 25-29, and the gap rates increased in older age-categories. From 1983 to 2008, age-
also widened with an increase in age category (Fig. 4). From specific mortality rates showed a similar pattern to that of age-
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specific incidence rates. Age-specific incidence and mortality
rates in the 65-79 and 80+ age groups fluctuated year by year;
however, increases in both were detected in both age groups
(Fig. 5).

Fig. 6 shows estimated age-standardized incidence rates of
ovarian and uterine cervix cancers. The incidence rate of ovar-
ian cancer is continually increasing, whereas that of uterine
cervix cancer is continuously decreasing. The R* value of both
regression models for ovarian cancer and uterine cervix were
0.98 and 0.97, respectively. When we assumed that the slope
in the rate change regression from 1999 to 2007 is maintained
in the future until 2020, the incidence rate of ovarian cancer
could surpass that of uterine cervix cancer in 2015, and ovar-
ian cancer may then become the more common gynecological
cancer than cervix cancer in Korea.

Fig. 1 and Table 1 presents that the changes in nutritional fac-
tors, reproductive factors, and anthropometric factors in Korea.
Based on national survey data conducted since 1969, the
amount of protein, fat, and animal food intake as well as the
percent of calories from fat and protein, and the percent of fat
and protein from meat and meat products has been increased.”
Age at menarche has been decreasing'®'* and the proportion
of women whose menopause were delayed increased."® Oral
contraceptive agent usage has been decreasing,'® otherwise the
percentage of infertility among married women has increased
recently (from 13.5% in 2000 to 26.2% in 2009). In particular,
the increasing rate among fertile women aged 30-39 was nearly
78%.” The mean age of women at marriage has risen'”'®
the mean age at first childbirth has continued to rise from 24.7
for women born in 1955, to 30.2 years for those born in 1980.%*
Total fertility rates have declined from 4.53* to 1.15 during last
30 years and the proportion of women having more than three
children and breast feeding rate has also been decreasing (Table
1).” Also, the obesity rate among Korean women has been
increasing.”’

DISCUSSION

Age-adjusted ovarian cancer incidence in Korea is much low-
er than the incidences in Western nations and Japan, but it has
been rising steadily over time. In recent years, the rising in-
cidence in Korea is similar to the incidence trends reported in
other Asian countries.>*® The mortality rate in Korea is in-
creasing markedly and, from 1983 to 2006, mortality in-
creased 9.5-fold nationwide (from 0.22 per 100,000 person-
years in 1983 to 2.09 per 100,000 person-years), although a
slightly decrease in mortality rates has been reported in sev-
eral Western countries such as the USA and the UK, and in
some Asian countries such as China. However, the ovarian
cancer-related mortality rate in Japan remained relatively sta-
ble over time."**°

In Korea, the reasons for the increases in ovarian cancer in-
cidence and mortality are unclear, but may be explained in
part by the gradual westernization of lifestyles and changes in
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socio-demographic behavior factors affecting environmental
factors in Korea. Western lifestyle factors, such as increased
meat and fat consumption, have been linked to elevated ovar-
ian cancer risk in a recent meta—analysis.27 In Korea, there has
been a shift toward increased westernization of dietary pat-
terns such as increasing the percent of calories from fat and
protein, and the percent of fat and protein from meat and meat
products (Fig.1, Table 1)."*

Some changes in reproductive factors, such as nulliparity,
have been shown to have the potential to increase the risk of
developing ovarian cancer. The expanding role of women in the
work place has led to a shift in the pattern of childbearing to
later in reproductive life. In Korea, the mean age of women at
marriage and first child birth has risen."”***° In addition, fertil-
ity rates have declined rapidly.**** Ovulation-inducing drugs,
such as clomifene citrate, were reported to have a relationship
with ovarian cancer risk with debate,®** while infertility
among women having normal ovulation has been identified as
a risk factor for ovarian cancer.*® In Korea, the greater avail-
ability of ovarian stimulating drugs due to increased infertility
rates among marred women>' might be expected to influence
the increasing trend in ovarian cancer incidence. In Korea, the
infertility rate among married women was 13.5-26.5% (Table
1), which is similar or higher than the 10-20% infertility rate
among women in western populations.’'

One of the leading hypothesis of ovarian cancer is the
“incessant ovulation” hypothesis.>> According to this hypoth-
esis, increasing lifetime ovulatory cycles by starting menarche
earlier,”'* stopping menstruation later'” and decreasing oral
contraceptives' > usage in Korea (Table 1) may be one of the
important contributing factors to ovarian cancer. Considering
that lactation suppresses ovulation and plays a favorable role
in ovarian cancer,* decreasing breast feeding rate'® might af-
fect increasing ovarian cancer incidence in Korea (Table 1).
Also, increasing obesity rate among Korean women”' might
explain the rapid increase of ovarian cancer among elderly
women (Fig. 4, Table 1).

Therefore, changes in socio-demographic, menstrual and re-
productive factors, life-style related factors contribute to
changes in the incidence of future ovarian cancer in Korea.

The observed regional variation in ovarian cancer incidence,
along with dietary patterns further supports our hypothesis
that westernization is partly affecting changes in reproductive
factors over time. Although ethnic differences or genetic var-
iation such as BRCA mutation are thought to be the main rea-
son for regional variation in ovarian cancer incidence, wester-
nized life styles might affect the regional differences of ovar-
ian cancer to a considerable extent. Age-standardized ovarian
cancer incidence and mortality rates have been highest in
North America as well as in Northern and Middle Europe,
while they have been intermediate in Oceania and South
America, and lowest in Asia (including Korea) and Africa’
These differences among world regions may be consistent
with westernizing of diet and lifestyle conditions. Also other
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reproductive factors, including longer periods of breast feed-
ing, as well as the use of oral contraceptives and tubal liga-
tion”>”® may be different between regions. For example, in
Korea, the percentage of oral contraceptive use for the pur-
pose of contraception is very low (1.8%) relative to that of
western women (15% in the USA, 25% in the UK, and 40% in
the Netherlands). This international difference in oral contra-
ceptive use may reflect international differences in ovarian
cancer incidence rates.

In particular, the increasing trend in ovarian cancer related
mortality in Korea may be attributed to the rise in ovarian can-
cer incidence rates. Though the mortality rates in westernized
countries show a decreasing trend, and even in Japan where
the incidence rate was slightly increasing or stable, ovarian
cancer mortality rates in Korea have increased steadily. This
contradiction in trends may be attributed to declines in mis-
classification bias. The proportion of death confirmations by
physicians’ diagnoses may be related to the accuracy of deter-
mination of the cause of death; thus, leading to a decreasing
misclassification bias. Until 1990, the proportion of deaths
confirmed by a physician’s diagnosis was much lower than in
subsequent years,” potentially leading to an increase in re-
ported ovarian cancer mortality. In another aspect, since the
nationwide ovarian cancer incidence has been published since
1999, the mortality of ovarian cancer data may be under-
estimated because of the lack of incidence information.

In summary, population-based incidence and mortality data
in Korea suggest that ovarian cancer incidence and mortality
have been low, but are increasing steadily over time. This up-
ward trend may be explained in part by increased western-
ization of life style factors and changes in reproductive factors
due to socio-demographical secular trend. Nevertheless, a
major part of the disparity in ovarian cancer incidences be-
tween women in Korea and those in western countries such as
the USA, remains unexplained. Moreover, although many
studies regarding risk factors for ovarian cancer have been re-
ported, there are few studies for behavior-related modifiable
risk factors and genetic risk factors. In particular, epidemio-
logical studies into risk factors among Korean women are
rare. Based on a continuation of current trends, after 2015,
ovarian cancer is estimated to be a more common gyneco-
logical cancer than cervical cancer in Korea. However, consid-
ering the rapid westernization in Korea and lag time, the in-
creasing pattern would become more rapid than our
estimation. Therefore, future quantitative studies with large
sample sizes with individual-level exposure estimation and
molecular assessment are needed to provide insight into the
role of putative risk factors. Such studies will help elucidate
the independent and combined effects of environmental and
genetic factors in ovarian cancer etiology, and may uncover
factors related to racial differences in ovarian cancer risk. In
2009, a National Cancer Institute grant initiated the Korean
Epithelial Ovarian Cancer (Ko-EVE) Study, which is aimed at
establishing Korean risk factors and is designed to produce
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evidence-based clinical practice guidelines for epithelial ovar-
ian cancer. It is hoped that the Ko-EVE study will provide
unique and important data on the etiology and natural history
of Korean epithelial ovarian cancer.
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