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Abstract

Internationally, ovarian cancer is the 7th leading cancer diagnosis and 8th leading cause of cancer 

mortality among women. Ovarian cancer incidence varies by region, particularly when comparing 

high versus low income countries. Temporal changes in reproductive factors coupled with shifts in 

diagnostic criteria may have influenced incidence trends of ovarian cancer and relative rates by 

histologic subtype. Accordingly, we evaluated trends in ovarian cancer incidence overall (1973–

1977 to 2003–2007) and by histologic subtype (1988–1992 to 2003–2007) using volumes IV-IX of 

the Cancer Incidence in Five Continents database (CI5plus) and CI5X (volume X) database. 

Annual percent changes were calculated for ovarian cancer incidence trends, and rates of 

histologic subtypes for individual countries were compared to overall international incidence. 

Ovarian cancer incidence rates were stable across regions, although there were notable increases in 

Eastern/Southern Europe (e.g. Poland: Annual Percent Change (APC) 1.6%, p=0.02) and Asia 

(e.g. Japan: APC 1.7%, p=0.01) and decreases in Northern Europe (e.g. Denmark: APC −0.7%, 

p=0.01) and North America (e.g. US Whites: APC −0.9%, p<0.01). Relative proportions of 

histologic subtypes were similar across countries, except for Asian nations, where clear cell and 

endometrioid carcinomas comprised a higher proportion of the rate and serous carcinomas 

comprised a lower proportion of the rate than the worldwide distribution. Geographic variation in 

temporal trends of ovarian cancer incidence and differences in the distribution of histologic 

subtype may be partially explained by reproductive and genetic factors. Thus, histology-specific 

ovarian cancer should continue to be monitored to further understand the etiology of this 

neoplasm.
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INTRODUCTION

Ovarian cancer was the 7th most frequent cancer diagnosis worldwide, with 238,700 new 

cases in 2012, and the 8th leading cause of cancer mortality, with 151,900 deaths1. Among 

all gynecological cancers, ovarian cancer is associated with the worst prognosis and highest 

mortality rate1–4. Incidence and mortality rates of ovarian cancer vary markedly 
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geographically, particularly according to level of development. Regions reporting the highest 

incidence rates of ovarian cancer, including North America and Europe, may be linked to 

higher prevalence of several established risk factors including nulliparity/low parity, 

menopausal hormone therapy use, and familial predisposition5 and lower prevalence of a 

strong protective factor, oral contraceptive use6.

Evidence regarding risk factors, treatment response, and prognosis has demonstrated 

differences by subtype7–9. Approximately ninety percent of all ovarian cancers are epithelial 

tumors, which include serous, mucinous, endometrioid, clear cell, transitional cell, 

squamous cell, mixed epithelial, undifferentiated, and unclassified tumors10–12. Among 

epithelial ovarian cancers, serous tumors are the most common subtype. The remaining, 

non-epithelial tumors include sex cord-stromal and germ cell tumors.

Shifts in diagnostic criteria for ovarian cancer as well as temporal changes in the prevalence 

of modifiable reproductive factors may influence the incidence of ovarian cancer as well as 

the distribution of histologic subtype within populations13–16. However, international 

incidence rates of ovarian cancer have not been recently analyzed. Two prior studies have 

reported on international patterns of ovarian cancer incidence, suggesting variation in rates 

overall and by histologic subtype17, 18. However, only one study evaluated incidence by 

histologic subtype18, and the other study limited predictive analysis to only a select number 

of countries17.

In the present analysis, we summarize international trends in the incidence of ovarian cancer 

and provide estimates of ovarian cancer incidence by histologic subtype and geographic 

region utilizing data from high quality population-based cancer registries included in 

successive volumes of Cancer Incidence in Five Continents (CI5).

MATERIALS AND METHODS

Data were extracted from IARC’s CI5plus19 and the most recent published (Volume X, CI5-

X) database20, available online. Briefly, the CI5 series is a compendium of high quality 

incidence data collected in 5-year periods over ten volumes beginning in the 1960s. The data 

compiled includes summary information on new cancer cases by registry, ethnicity, cancer 

site, histology (where possible), sex, and 5-year age group, together with corresponding 

population data. Data were extracted from the CI5plus database, including information for 

Volume 4 (1973–1977), Volume 5 (1978–1982), Volume 6 (1983–1987), Volume 7 (1988–

1992), Volume 8 (1993–1997), Volume 9 (1998–2002), and Volume 10 (2003–2007). 

Incidence data for diagnoses 2003–2007 were also extracted from the CI5-X electronic 

database since the number of countries with histology data included for 2003–2007 in the 

CI5plus database was limited. Registries were included if there was at least fifteen years of 

consecutive data, and the percent unspecified for histologic subtype was less than 15% in 

CI5-X. Additionally, data from one or more regional registries were combined to provide an 

estimate of national incidence rates. Lastly, if a country did not have data for all five years 

per volume, that volume was excluded.
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International trends in ovarian cancer were calculated for each five-year volume from 1973–

1977 through 2003–2007 for registries available in the CI5plus database by country. 

Incidence rates (per 100,000 woman-years) were calculated and age-adjusted to the world 

standard population utilizing five year age groups 0–4 to 70–7421, 22. Data from ages 80–84 

and 85 and older were excluded because the rates were imprecise due to very small case 

numbers in these age groups. Trends in the incidence of ovarian cancer were then plotted on 

a semi-log scale for comparisons by region (Northern Europe, Western Europe, Eastern/

Southern Europe, the Americas, and Asia/Oceania)23. Trends were also calculated by 

histologic subtype from 1988–1992 through 2003–2007 for select countries within each 

region based on the largest number of overall ovarian cancers and availability of histology 

data. For histology analyses, data for earlier volumes were not utilized because of instability 

due to limited sample size. To assess the change in age-adjusted rates by country over time, 

the annual percent change (APC) was calculated across volumes for each five-year period 

using linear regression of the natural-log transformed rates per five-year period. The APCs 

were then plotted against the most recent (2003–2007) incidence rate.

Age-standardized incidence rates of ovarian cancer by histologic subtype and country were 

tabulated using the CI5-X data. Histologic subtypes included serous carcinomas, mucinous 

carcinomas, endometrioid carcinomas, clear cell carcinomas, other epithelial carcinomas 

(adenocarcinoma, and other/unspecified carcinomas) as well as sex cord-stromal tumors, 

germ cell tumors, other morphology and unspecified morphology. The proportion of each 

epithelial subtype relative to the total incidence of epithelial ovarian cancers was then 

summarized graphically on a bar graph to determine subtype variation for each country 

relative to the international distribution of epithelial cancers. Finally, to evaluate the 

international age distribution of ovarian cancer by histologic subtype, age-specific incidence 

rates were calculated using five-year age groups and were plotted by subtype on a semi-log 

scale.

Data management and analyses were completed utilizing Stata (Stata Corp 2015. Stata 

statistical software: Release 14. College Station TX, US: Statacorp LP) and figures were 

plotted using SigmaPlot (v.12.5, SY Software Inc., San Jose, CA, US).

RESULTS

International incidence of ovarian cancer and temporal trends

In the most recent 5-year period (2003–2007), the incidence of ovarian cancer was highest in 

Eastern/Southern Europe, followed by Northern Europe, and Western Europe (Fig. 1, 

Supplemental Table 1). More specifically, the highest rate of ovarian cancer was seen in 

Latvia (14.3 per 100,000 woman-years), followed by the United Kingdom (UK) (12.5), and 

the Czech Republic (12.3). Intermediate rates of ovarian cancer were observed in North and 

South America, while the lowest rates were seen in Asia/Oceania. The lowest rate of ovarian 

cancer was found in Thailand (5.7).

In most countries, rates remained relatively stable over time (Fig. 1, Supplemental Table 1). 

Incidence rates appeared to decrease from high to intermediate rates in the Northern 

European region, with declines observed in Denmark (APC=−0.7, 95% CI −1.1, −0.3) from 
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14.5 in 1973–1977 to 11.4 in 2003–2007 and Sweden (APC=−1.5, 95% CI −1.9, −1.2) from 

15.3 in 1977–1973 to 9.5 in 2003–2007.

By contrast, rates in Eastern/Southern Europe appeared to be steadily increasing over time; 

there was a significant increase in Poland (APC=1.6, 95% CI 0.6, 2.7) from 10.7 in 1978–

1982 to 14.7 in 1998–2002, and in Slovakia, with rates increasing (APC=0.8, 95% CI 0.4, 

1.2) from 9.0 to 11.3 over time. In Western Europe, temporal patterns of rates varied, with 

notable rises in ovarian cancer incidence in Spain (APC=1.6, 95% CI 1.0, 2.3) from 6.2 in 

1978–1982 to 8.2 in 2003–2007, contrasting with the substantial declines in Austria (APC=

−3.1, 95% CI −4.7, −1.3) from 14.4 in 1988–1992 to 8.6 in 2003–2007.

With respect to North America, ovarian cancer incidence gradually decreased in the United 

States (US) among both whites and blacks (APC=−0.9, 95% CI −1.3, −0.4 and −0.7, 95% CI 

−1.2, −0.3, respectively) from 11.8 to 9.6 for whites and 8.5 to 7.3 among blacks over time. 

In Canada, the incidence of ovarian cancer was stable from 1973–1977 through 1993–1997, 

and decreased to 8.4 in 2003–2007 (APC −0.9, 95% CI −1.8, 0.0). Rates have been 

consistently increasing in South America, beginning in 1993 in Brazil, with rates of 5.0 in 

1993–1997 rising to 9.5 in 2003–2007 (APC 4.4, 95% CI −2.1, 13.3); rates were however 

inconsistent in Ecuador, remaining around 6–7 over time.

Lastly, in Asia/Oceania, where countries generally had low incidence rates ranging from 

5.7–8.5 in 2003–2007, an increase was seen in Japan (APC=1.7, 95% CI 0.6, 2.9) from 3.6 

to 6.5, while rates were relatively stable in Thailand, Singapore and Australia. Rates of 

ovarian cancer in Israel were stable from 1973–1977 through 1993–1997, and then 

decreased to 8.5 in recent years, while incidence in New Zealand remained relatively stable 

throughout the years studied.

Globally, ovarian cancer incidence rates have remained relatively static over the past 35 

years (1973–2007) (Fig. 2, Supplemental Table 1). The incidence rates in only 5 out of 30 

countries evaluated were increasing 0.5–1.7% per year. Of note, incidence rates were highest 

in Poland and Latvia where significant increases in the rate over time were also noted. While 

incidence rates in 6 countries decreased significantly over time.

International incidence and temporal trends of ovarian cancer by histologic subtype

Serous carcinomas consistently had the highest incidence rate of all histologic subtypes in 

all countries assessed (Table 1, Fig. 3). In Europe and North America, following “other” 

epithelial carcinomas, the third and fourth most common subtype tended to alternate 

between endometrioid carcinomas and mucinous carcinomas. Notably the incidence of clear 

cell carcinomas was higher in Asian countries relative to other regions, with rates of 1.5 in 

Singapore, 1.0 in Japan compared with rates less than or equal to 0.6 in Europe and North 

America. With respect to non-epithelial ovarian cancer (germ cell and sex cord-stromal 

tumors), the incidence rates for all countries were much lower than the epithelial cancers.

Figure 3 depicts the incidence rates of epithelial ovarian cancer subtypes expressed as 

proportions of the total epithelial cancer rate. Internationally, of the total incidence rate of 

epithelial ovarian cancers, 45% were serous carcinomas, followed by mucinous carcinomas 
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(13%), endometrioid carcinomas (13%), “other” epithelial carcinomas (24%) and clear cell 

carcinomas (6%). Though the proportion of each subtype does vary by country, there were a 

few countries for which there was a statistically significant difference in the proportion of 

epithelial subtypes as compared to the international distribution.

The most substantial deviation was seen in the Asia/Oceania region, with Singapore, Japan, 

and Thailand having a smaller proportion of serous carcinomas, and larger proportions of 

endometrioid, clear cell, and mucinous carcinomas. By contrast, Israel appeared to have a 

much higher proportion of serous carcinomas and a lower proportion of clear cell 

carcinomas, albeit the association was of borderline statistical significance (p=0.051). Brazil 

also differed from the international distribution of epithelial subtypes, with a lower 

proportion of serous carcinomas and a higher proportion of “other” epithelial subtypes and 

mucinous carcinomas. In the UK, there was a higher proportion of mucinous carcinomas and 

a lower proportion of “other” epithelial subtypes as compared to the international 

distribution. In Finland, higher proportions of serous, mucinous and endometrioid 

carcinomas was supplemented with a lower proportion of “other” epithelial subtypes.

Among selected countries, there was notable temporal variation in histologic subtype 

(Figure 4). In Denmark and the UK, increases were seen from 1988–1992 to 2003–2007 in 

serous carcinomas (APC 0.9, 95% CI 0.3, 1.5 and 4.1, 95% CI 0.3, 8.6, respectively), while 

rates of “other” epithelial subtypes declined over time (APC −4.5, 95% CI −7.8, −0.3 and 

−2.7, 95% CI −3.0, −2.5, respectively). Decreases in “other” epithelial subtypes were also 

observed among whites in the United States (APC −2.9, 95% CI −6.4, 0.4). In Japan there 

has been a striking increase from 1988–1992 to 2003–2007 in the rate of endometrioid 

carcinomas (APC 10.0, 95% CI 5.6, 15.1) in addition to an increase in clear cell carcinomas 

(APC 7.8, 95% CI 0.1, 19.0). Rates by histologic subtype remained stable over the years in 

Italy as well as among Israeli Jews.

Figure 5 depicts the international incidence rates per 100,000 woman-years of ovarian 

cancer by five-year age group and subtype. For all subtypes, incidence rates before ages 35–

39 remained relatively low (approximately 1–2). The incidence rates of serous carcinomas 

steadily increased with age, reaching over 18 in women at ages 70–74, and slightly 

decreasing to 16 in women ages 75–79. There were also steady increases by age in cancers 

of mucinous carcinomas, “other” epithelial subtypes, and unspecified subtypes, reaching 3, 

15, and 9 in the oldest age group, respectively. Rates for endometrioid and clear cell 

carcinomas were notably parallel across age groups, both plateauing around age 55–59. The 

non-epithelial ovarian cancers (germ cell tumors and sex cord-stromal tumors) conveyed 

consistently low rates across all age groups, as did the rates of ovarian cancer classified as 

“other”.

DISCUSSION

Ovarian cancer incidence remains highest among women of European descent, and 

especially in Northern Europe, where modest declines are noted since 1993–1997. Similar 

declines in rates are observed in North America. By contrast, gradual increases in ovarian 

cancer incidence were observed in Asia, especially in Japan. Within regions there was 
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considerable variation with respect to changes in incidence over time. In Western Europe, 

decreases in ovarian cancer rates were observed in Austria, Switzerland, and the 

Netherlands, while increases were observed in the UK and Spain. In Australia, New Zealand 

and Israel, the incidence remained stable.

Disparate incidence rates and trends may reflect changes in the prevalence of risk factors, 

including removal of gynecologic organs for benign indications, superimposed on varying 

genetic predispositions. Alterations in population make-up within countries and changes in 

pathology reporting may also have influenced these data, and these effects may strengthen in 

the future. For instance, temporal trends in declining mucinous carcinomas among whites in 

the US could be due, in part, to improvements in the classification of what were thought to 

be primary mucinous ovarian cancers as intestinal cancers13.

In countries experiencing a decline in ovarian cancer, increased oral contraceptive use, 

which may reduce risk by 30–40%9, 24 may partially explain the reduction in incidence15, 25. 

For instance, the uptake of oral contraceptives in England and Wales in the 1960s coincides 

with substantial declines in ovarian cancer incidence over time25. Parity has also been shown 

to reduce the risk of ovarian cancer. Therefore, in countries where parity and/or the number 

of live births per woman is higher, an inverse association with ovarian cancer risk may be 

observed26–28. Reductions in the use of menopausal hormone therapy may also contribute to 

the decline in ovarian cancer incidence in recent years. Of note, in the US, there was a 

dramatic decrease in ovarian cancer incidence following a substantial reduction in 

menopausal hormone therapy use in 200229. In the present analysis, several Eastern/

Southern European countries experienced an increase in ovarian cancer over time, which is 

parallel to a reduction in the total fertility rate during the same time period30.

The variation in the distribution of epithelial histologies may be explained by population 

differences in genetic and environmental risk factors which differentially influence each 

histologic subtype. With respect to genetic factors, the role of BRCA1 and BRCA2 
mutations (and their heritability) as risk factors for serous carcinomas has been 

established31, 32. In this analysis the difference in serous tumors in Israel compared to the 

international proportion of serous tumors may be partially explained by the ethnic 

composition of the Israeli Jewish population. More specifically, approximately 50% of the 

Jewish population in Israel is of Ashkenazi origin33, and it is known that the prevalence of 

BRCA1 and BRCA2 mutations is high within this population34–36. Thus, it is possible that 

the large proportion of Ashkenazi Jews may influence the number of serous tumors 

observed. It is unlikely that differences in the prevalence of BRCA1 or BRCA2 mutations 

explain the lower frequency of serous tumors among Asian populations. Rather, emerging 

evidence suggests that in many Asian populations, the prevalence of BRCA mutations is 

comparable to, if not the same as European and North American populations37, 38, though 

research is limited regarding genetic testing in Asian populations.

In addition to genetic factors, risk factors such as endometriosis could influence the 

distributions by histologic subtype, particularly clear cell and endometrioid carcinomas. In 

Japan, Singapore, and Thailand, the relatively low proportion of serous tumors was 

compensated by higher rates of endometrioid, clear cell, and mucinous carcinomas. The 
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consistent increase in the proportion of clear cell carcinomas across all three Asian countries 

and the increased proportion of endometrioid carcinomas in Thailand and Japan relative to 

the international distribution of these subtypes may be partially explained by the slightly 

higher prevalence of endometriosis among women of Asian ethnicity39, 40, possibly resulting 

from genetic and/or environmental risk factors41–44, as endometriosis is an established risk 

factor for both clear cell and endometrioid carcinomas45. Further, the importance of 

endometriosis as a risk factor for both clear cell and endometrioid carcinomas may also shed 

light on the age-specific incidence of these histologic subtypes, in which the rates of both 

subtypes plateau around the age of menopause. Although it is not possible to evaluate using 

the current data, it may be informative to evaluate the distribution of histologic subtype 

among first and second generation Asian-immigrants to Caucasians in the same country (e.g. 

Asian-Americans in the US).

For certain countries, differences in incidence may also be partly explained by the duration 

and/or quality of case ascertainment. In Brazil, the proportion of “other” epithelial cancers 

were much higher than in other studied populations, suggesting that perhaps ovarian cancer 

is not increasing, but rather tumor registration is increasing. By contrast, the proportion of 

“other” epithelial carcinomas in Finland and the UK were lower when compared to other 

populations, potentially suggesting more precise classification of tumors. This is supported 

by the temporal trends observed in the UK in which rates of “other” epithelial subtypes 

decreased over time, which may have been supplemented with increases in serous 

carcinomas.

The main strength of this analysis was the utilization of CI5 data. The registries that are 

selected for inclusion have been established for at least 15 years. Additionally, standards 

with respect to comparably, accuracy, and completeness are applied throughout all volumes, 

ensuring high-quality data. That being said, this analysis was limited in the assessment of 

ovarian cancer in Africa, Central/South America, and the Middle East due to the lack of data 

meeting the specified inclusion criteria. The inclusion of such regions may have shed more 

light on which risk factors are contributing to the geographic variation in ovarian cancer. 

There were a few countries for which only regional data was available, and these registries 

were combined, assuming the aggregation provided a reasonable estimate of the national 

profile. Lastly, the inability to account for the prevalence of bilateral oophorectomy was a 

weakness in this study that may have led to an underestimation of the incidence of ovarian 

cancer46, 47. Given the variability in the frequency and trends of bilateral oophorectomy over 

time, such an underestimation is possible46. In addition, the reproducibility of 

histopathologic diagnosis is imperfect, and in recent years, categorization of primary site of 

origin has shifted; specifically, cancers originally designated as ovarian are increasingly re-

classified as fallopian tube primary tumors, and many mucinous carcinomas are now 

recognized to represent metastases of occult gastrointestinal primary tumors to the ovaries13.

In conclusion, though the incidence of ovarian cancer remained relatively stable globally, 

there were distinct increases in Eastern/Southern Europe, as well as Asia and decreases in 

Northern Europe and North America. The majority of ovarian cancers were serous 

carcinomas, followed by mucinous carcinomas, endometrioid carcinomas, “other” epithelial 

carcinomas and clear cell carcinomas, while the rate of non-epithelial carcinomas remained 
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very low. Compared to the global distribution of epithelial subtypes, the distribution of these 

subtypes did not vary significantly for the majority of countries, with the exception of 

countries in Asia. Given the trends in ovarian cancer over time and the distribution of 

histologic subtypes, certain reproductive, behavioral, life style, and genetic factors at least 

partially explain the geographical and temporal differences observed between populations 

internationally.
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APC Annual percent change

IARC International Agency for Research on Cancer

CI5 Cancer Incidence in Five Continents

UK United Kingdom

US United States

BRCA1 Breast cancer gene 1

BRCA2 Breast cancer gene 2

BMI body mass index
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Novelty and Impact

In this analysis of ovarian cancer by country and histologic subtype trends in ovarian 

cancer incidence generally remained stable over time; however, there were increases in 

Eastern/Southern Europe and Asia, and decreases in Northern Europe and North 

America. The distribution of epithelial ovarian cancer did not vary by country compared 

to the international distribution, except in Asia where clear cell and endometrioid 

carcinomas were relatively higher and serous carcinomas were lower.
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Figure 1. 
Trends in age-adjusted ovarian cancer incidence rates per 100,000 woman-years by 

continent and country from 1973–1977 through 2003–2007, Cancer Incidence in Five 

Continents (CI5) volume IV–X
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Figure 2. 
Annual Percent Change (APC) in age-adjusted ovarian cancer incidence rates from 1973–

1977 through 2003–2007 by the age-adjusted rate in 2003–2007, Cancer Incidence in Five 

Continents (CI5)1

1Triangles represent populations in which the APC increased significantly (p<0.05), circles 

represent populations in which the APC increase or decrease was not statistically significant 

(p≥0.05), and the diamonds represent populations in which the APC decreased significantly 

across the time periods evaluated (p<0.05).
2Age-adjusted rate in 1998–2002
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Figure 3. 
Proportion of the total epithelial ovarian cancer incidence rate by histologic subtype, Cancer 

Incidence in Five Continents (CI5) volume X, 2003–2007
1p<0.05, indicates that the proportion of the incidence rate contributed by the histologic 

subtype is statistically different from the corresponding international proportion (45% 

serous, 13% mucinous, 13% endometrioid, 6% clear cell, 24% other epithelial). Brazil 26% 

serous, 15% mucinous, 5% endometrioid, 1% clear cell and 53% other epithelial. Singapore 

34% serous, 14% mucinous, 18% endometrioid, 21% clear cell and 14% other epithelial. 

Japan 28% serous, 16% mucinous, 14% endometrioid, 20% clear cell and 22% other 

epithelial. Thailand 23% serous, 16% mucinous, 14% endometrioid, 14% clear cell and 32% 

other epithelial. UK 46% serous, 26% mucinous, 13% endometrioid, 8% clear cell, 8% other 

epithelial. Finland 53% serous, 16% mucinous, 18% endometrioid, 6% clear cell, 7% other 

epithelial.
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Figure 4. 
Trends and Annual Percent Change (APC) in age-adjusted ovarian cancer incidence rates per 

100,000 woman-years by country and histology from 1988–1992 through 2003–2007, 

Cancer Incidence in Five Continents (CI5) volume VII–X
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Figure 5. 
Age-specific incidence of ovarian cancer by histologic subtype, Cancer Incidence in Five 

Continents (CI5) volume X, 2003–2007
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