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HIGHLIGHTS

« The trends in four major histological subtypes of epithelial ovarian cancer (EOC) in Japan and the US were examined.
« The characteristics of the histological subtypes of EOC in Japan are distinct from those in the US.

 The frequency of clear cell carcinoma has increased in Japan, accounting for almost 30% of EOC in recent years.

 The frequency of mucinous carcinoma has increased significantly among elderly in both countries.

ARTICLE INFO ABSTRACT
Am'cl_e history: Objective. To examine the trends of epithelial ovarian cancer histologic subtypes in Japan.
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= 48,640). Trends were also examined in The Surveillance, Epidemiology, and End Results Program (US cohort, n
= 49,936). Time-specific proportional changes of four major histological subtypes (serous, clear cell,
endometrioid, and mucinous) were examined.

Results. The Japan cohort had more stage [ disease (44.1% versus 24.9%) and less stage IV disease (10.0% versus
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Ovarian cancer 23.1%) than the US cohort (P<0.001). The Japan cohort had more non-serous histology, particularly clear cell car-

Trends cinoma (26.9% versus 8.4%), than the US cohort (P< 0.001). In the Japan cohort, proportion of clear cell carcinoma

Stage increased significantly from 23.4% to 29.1% between 2002 and 2010 (P < 0.001). Among stage I disease, clear cell

Histology carcinoma increased significantly in the Japan cohort from 32.9% to 40.3% between 2002 and 2015 (P < 0.001),

gleaf Cel“ whereas mucinous carcinoma increased significantly in the US cohort from 15.0% to 24.8% (P = 0.01). In 2015,
urviva

clear cell carcinoma was most common among women aged <50 years from the Japan cohort (30.2%) versus se-
rous carcinoma in the US cohort (50.8%). In the Japan cohort, the peak age was 75 years for serous, 57 for clear
cell, and 45 for endometrioid carcinoma (P< 0.001). Mucinous carcinoma decreased until 43 years and increased
again after age 73 years (P < 0.001).

Conclusion. Characteristics of epithelial ovarian cancer in Japan are largely different compared to the US. In
Japan, clear cell carcinoma has increased significantly in recent years to account for nearly 30% of epithelial ovar-
ian cancer.
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1. Introduction

Ovarian cancer remains the third most common gynecologic malig-
nancy in the world, and it is the seventh most common female malig-
nancy with 238,700 estimated new cases worldwide in 2012 [1].
Multiple factors are associated with a greater risk of developing ovarian
cancer; these factors include age, obesity, cigarette smoking, nulliparity,
hormone therapy for menopause, endometriosis, and genetics [2-8].
Moreover, genetic and socio-environmental factors influence the inci-
dence of ovarian cancer in different populations [9]. Presently, the
age-adjusted incidence rate of ovarian cancer has increased over the
past decades in Japan from 4.0 to 15.0 per 100,000 women between
1975 and 2013 [10], whereas that in the United States has decreased
from 16.3 to 11.4 per 100,000 women during the same time period [11].

Ovarian cancer demonstrates histological heterogeneity and has
various histologic features [12]. The most common histological subtypes
of epithelial ovarian cancer are serous, clear cell, endometrioid, and mu-
cinous [9]. Histological subtype has been recognized as one of the im-
portant prognostic factors in ovarian cancer [13]. However, the
frequencies and trends in the various histological subtypes of ovarian
cancer vary among different populations, and there is currently a lack
of population-based statistics in Japan. This study aimed to examine
the trends in the characteristics of the various histological subtypes of
ovarian cancer in Japan.

2. Materials and methods
2.1. Study design and eligibility criteria

This is a retrospective observational study examining the gyneco-
logic tumor registry database of the Japan Society of Obstetrics and Gy-
necology (JSOG) between 2002 and 2015 (Japanese cohort). This study
was conducted as a Japan Society of Gynecologic Oncology (JSGO) pro-
ject, and the data set for Japanese cohort was provided by the gyneco-
logic tumor committee of JSOG. The JSOG database is an organ-based
cancer registry for gynecologic malignancy that records cancer sub-
types, characteristics, treatments, and survivals [14]. The registry, main-
tained by the gynecologic tumor committee of JSOG, comprises 388
local and regional leading hospitals and covers approximately 50% of
all new patients with gynecological malignancy in Japan [15].

This study utilized the Surveillance, Epidemiology, and End Results
(SEER) program as the control group for comparison (US cohort). The
SEER registry is a population-based database launched in 1973 that is
supported and managed by the National Cancer Institute in the US. It
covers approximately 34.6% of the US population from 11 states and 7
areas in the most recent registry [16]. SEER registries collect data on pa-
tient demographics, primary tumor site, tumor morphology, stage at di-
agnosis, and first course of treatment and follow-up with patients for
vital status. In this study, SEER cases between 2002 and 2015 were ab-
stracted from the database using SEER*Stat 8.3.5 (IMS Inc., Calverton,
MD, USA).

Institutional Review Board exempted the current study due to the
use of publicly available deidentified data. Cases were identified by
searching for “Ovary” limited to malignancy from both databases.
Women with epithelial ovarian cancer with serous, clear cell,
endometrioid, and mucinous histology were eligible for analysis,
whereas those with epithelial histology other than these four types,
germ cell tumor, sex cord-stromal tumor, sarcoma, metastatic tumor
from another origin, and tumors of unknown histology (including un-
specified adenocarcinoma) were excluded from the analysis.

2.2. Clinical information
Among cases that met the inclusion criteria, patient demographics

(age, calendar year at diagnosis, race/ethnicity, and registry area),
tumor characteristics (histological subtype and cancer stage), and

treatment type (performance of surgical treatment including hysterec-
tomy, salpingo-oophorectomy, and lymphadenectomy) were ab-
stracted from both databases.

Age at diagnosis (<50 vs. 250 years) and registry areas (north, west,
central, or east) were defined as in a previous study [17,18]. The histo-
logical subtypes were divided into serous, clear cell, endometrioid, and
mucinous as above. The recorded cancer stage was reclassified accord-
ing to the 2014 International Federation of Gynecology and Obstetrics
staging system [19]. The ICD-0-3 site/histology validation list and
World Health Organization histological classification were used for
grouping the histological subtypes (Supplemental Table S1) [20].

2.3. Statistical analysis

The primary objective of this study was to examine the temporal
trends in the different histological subtypes of primary epithelial ovar-
ian cancer over time in Japan. The secondary objective was to compare
the histological subtypes of epithelial ovarian cancer between the
Japanese and US cohorts.

Continuous variables were reported as median (interquartile range)
and the difference were assessed by the Mann-Whitney U test. Ordinal
and categorical variables were expressed with number and (percent
per group) and the difference was assessed with the chi-square test.

The Joinpoint Regression Program 4.6.0.0 provided by the National
Cancer Institute was used to determine potential changes in the tempo-
ral trends in the incidence rate [21]. The trends in the histological sub-
types of ovarian cancer were examined for every calendar year or
every patient age. Linear segmented regression analysis was utilized
for the model, and log transformation of the data was performed to de-
termine the annual percentage change in the slope along with a 95%
confidence interval.

All analyses were based upon two-tailed hypothesis, and a P-value of
<0.05 was considered to indicate statistical significance. Analyses were
performed using the Statistical Package for the Social Sciences (IBM
SPSS, version 25.0, Armonk, NY, USA). The Strengthening the Reporting
of Observational studies in Epidemiology guideline was referred to
when planning this study [22].

3. Results
3.1. Patient demographics

Patient selection schema is shown in Fig. 1. During the study period,
74,291 cases of women with ovarian malignancies were recorded in the
JSOG tumor registry. The final study population for the Japanese cohort
comprised 48,640 women with the four major subtypes of epithelial
ovarian cancer. Similarly, 75,101 women with ovarian malignancy
were identified from the SEER registry, and 49,936 women with the
four major subtypes of epithelial ovarian cancer represented the US
cohort.

Demographics of the two cohorts are described in Table 1. In the
Japanese cohort, the most common histological subtype was serous
(40.8%), followed by clear cell (26.9%), endometrioid (19.2%), and mu-
cinous (13.1%). Compared with women with the US cohort, those in
the Japan cohort were significantly younger (median age: 57 vs.
61 years), more likely to have non-serous histology particularly clear
cell carcinoma (26.9% vs. 8.4%), more likely to have a recent diagnosis
(proportion of cases diagnosed in 2011-2015: 49.5% vs. 37.1%), and
more likely to undergo additional lymphadenectomy at surgery (52.0%
vs. 41.4%) (all, P < 0.001). In the Japanese cohort, the number of
women with stage I disease was significantly more (44.1% vs. 24.9%)
and those with stage IV disease (10.0% vs. 23.1%) was lower compared
with those in the US cohort (P < 0.001).

The utilization rate of chemotherapy was examined across histolog-
ical types in the Japanese cohort (Supplemental Table S2). Among those
with stage I disease, the utilization rate of chemotherapy was the



H. Machida et al. / Gynecologic Oncology 153 (2019) 589-596

Ovarian malignancy diagnosed at JSOG registry
(2002 - 2015)
N =74,291

Borderline malignancy n = 17,453
—— GCT/SCST /sarcoma n = 3,080
Unknown histology n = 857

Epithelial Ovarian Cancer (EOC)
n =52,901

Mixed subtypes n= 1,438

Undifferentiated adenocarcinoma n= 1,060
Other histological types*n = 1,676
Unknown stage n =87

EOC
Serous, Clear, Mucinous, Endometrioid histology
n =48,640

Ovarian malignancy diagnosed at SEER registry
(2002 - 2015)
N =75,101

GCT/SCST /sarcoma n = 4,998
— Metastatic tumors n = 1,236
Neoplasm, malignant n = 7,892

Epithelial Ovarian Cancer (EOC)
n =60,975

Adenocarcinoma, NOS n=7,044
Mixed subtypesn = 2,678
Other histological types® n = 581

Unknown stage n =736

EOC
Serous, Clear, Mucinous, Endometrioid histology
n =49,936

Fig. 1. Selection criteria. Abbreviations: JSOG, Japan Society of Obstetrics and Gynecology;
EOC, epithelial ovarian cancer; GCT, germ cell tumor; SCST, sex cord stromal tumor; and
SEER, Surveillance, Epidemiology, and End Results Program. *Other than serous, clear, mu-
cinous, and endometrioid histology.

highest for clear cell histology (72.2%), whereas it was lowest for mucin-
ous histology (38.1%; P < 0.001). In contrast, in higher-stage diseases
(stages II-1V), the utilization rate of chemotherapy was the highest for
serous histology (84.6%-90.0%), but it was least for mucinous histology
(73.4%-79.0%; all, P < 0.001).

Demographics among Asians in the two cohorts are compared (Sup-
plemental Table S3). Asian women in the US cohort were younger than
those in the Japanese cohort (median: 55 vs. 57 years) and were more
likely to have stage IV disease (18.6% vs. 10.0%) and serous histology
(53.5% vs. 40.9%) (all, P < 0.001). Clear cell carcinoma was significantly
more frequent in Asian women than in non-Asian women in the US co-
hort (17.3% vs. 7.6%, P< 0.001); however, the frequency was even higher
(26.9%) in Asian women in the Japanese cohort than in those in the US
cohort.

591
Table 1
Demographic profile of the two cohorts.
Characteristics JSOG SEER P-value
No. of patients n = 48,640 n = 49,936
Age (years) 57 (IQR 48-66) 61 (IQR 52-71) <0.001
<40 4027 (8.3%) 2735 (5.5%)
40-49 9873 (20.3%) 7312 (14.6%)
50-59 14,320 (29.4%) 13,018 (26.1%)
60-69 12,559 (22.8%) 12,819 (25.7%)
>70 7861 (16.2%) 14,052 (28.1%)
Race/ethnicity n/a
White - 36,680 (73.5%)
Black - 3440 (6.9%)
Hispanic - 5350 (10.7%)
Asian - 3711 (7.4%)
Others - 755 (1.5%)
Registry area n/a
North 4286 (8.8%) -
Central 6479 (13.3%) 9120 (18.2%)
East 19,717 (40.5%) 13,613 (27.3%)
West 18,158 (37.3%) 27,203 (54.5%)
Year of diagnosis <0.001
2002-2005 8612 (17.7%) 13,804 (27.6%)
2006-2010 15,945 (32.8%) 17,646 (35.3%)
2011-2015 24,083 (49.5%) 18,486 (37.1%)
Stage <0.001
[ 21,450 (44.1%) 12,452 (24.9%)
Il 4716 (9.7%) 4640 (9.3%)
11 17,595 (36.2%) 21,284 (42.6%)
v 4879 (10.0%) 11,560 (23.1%)
Histology <0.001
Serous 19,900 (40.9%) 34,404 (68.9%)
Clear cell 13,065 (26.9%) 4171 (8.4%)
Endometrioid 9321 (19.2%) 7369 (14.8%)
Mucinous 6354 (13.1%) 3992 (8.0%)
Hysterectomy <0.001
Performed 35,459 (72.9%) 38,899 (77.9%)
Not performed/unknown 13,181 (27.1%) 11,037 (22.1%)
Salpingo-oophorectomy <0.001
Performed 42,849 (88.1%) 44,839 (89.8%)
Not performed/unknown 5791 (11.9%) 5097 (10.2%)
Lymphadenectomy <0.001
Performed 25,276 (52.0%) 20,649 (41.4%)
Not performed/unknown 23,364 (48.0%) 29,287 (58.6%)

Data are shown as number (percent per column) or median (interquartile range). Abbre-
viations: JSOG, Japan Society of Obstetrics and Gynecology; and SEER, Surveillance, Epide-
miology, and End Results Program.

3.2. Age-specific trends

The histological subtypes of ovarian cancer were investigated in re-
lation to the age at diagnosis (Fig. 2). In the Japanese cohort, the peak
age at diagnosis was lower for clear cell carcinoma than for serous car-
cinoma (56 vs. 75 years, P< 0.001). The frequency of clear cell carcinoma
significantly increased up to the age of 56 years (9.0% at <30 years to
35.0% at 56 years, P = 0.001) and decreased thereafter (35.0% at
56 years to 10.6% at 285 years, P < 0.001).

The frequency of mucinous carcinoma increased significantly after
the age of 73 years in women in the Japanese cohort (9.7% at 73 years
to 24.1% at 285 years, P < 0.001), and similar results were observed in
women in the US cohort (4.3% at 73 years to 6.1% at 285 years, P =
0.047). In both cohorts, the frequency of serous carcinoma increased
significantly up to the age of 70 years (Japanese cohort, from 21.9% at
<30 years to 61.7% at 75 years, P < 0.001; US cohort, from 39.7% at
<30 years to 78.0% at 67 years, P < 0.001).

3.3. Histological type-specific trends
The temporal trend of annual frequency of each histological subtype

is shown in Fig. 3. A significant increase in the incidence rate of clear cell
carcinoma in the Japanese cohort was observed between 2002 and 2010
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B. Histological types per age (SEER)
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Fig. 2. Age-specific temporal trends of ovarian cancer histology. Four histological subtypes of epithelial ovarian cancer were stratified by age at diagnosis. Lines are modeled estimates and
points represent actual data. Abbreviations: JSOG, Japan Society of Obstetrics and Gynecology; and SEER, Surveillance, Epidemiology, and End Results Program.

(from 23.4% to 29.1%, 24.4% relative increase, P < 0.001), after which the
frequency remained fairly stable between 2010 and 2015 (27.7%; range
25.9-29.5, P = 0.19) (Fig. 3A). Conversely, the US cohort showed a sig-
nificant decrease in the incidence rate of clear cell carcinoma between
2002 and 2007 (from 10.0% to 7.7%, 23.0% relative decrease, P =
0.001) and a stable frequency between 2007 and 2015 (8.0%; range
6.8-9.3, P = 0.12; Fig. 3B).

Among women aged <50 years in the Japanese cohort, the incidence
rates of both clear cell and endometrioid carcinomas have significantly
increased between 2002 and 2015 (clear cell, from 23.8% to 30.2%,
26.9% relative increase, P < 0.001; endometrioid, from 24.4% to 27.5%,
12.7% relative increase, P = 0.001; Fig. 4A). To those aged <50 years,
the frequency of the incidence of these two cancer types was stable be-
tween 2005 and 2015 in the US cohort (clear cell, 10.5% range 7.4-13.8,
P = 0.71; endometrioid, 22.8% range 18.5-27.2, P = 0.34; Fig. 4B).

However, among women aged >50 years in the Japanese and US
cohorts, the frequency of incidence of clear cell carcinoma remained
stable throughout the study period (Japanese cohort, 25.6% range
23.1-28.2, P = 0.10; and US cohort, 7.5% range 6.2-8.9, P = 0.72;
Fig. 4C-D).
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3.4. Stage-specific trends

The temporal trend of annual frequency of each cancer stage is
shown in Supplemental Fig. S1. There was a significant increase in the
number of women with stage I disease in both cohorts throughout the
study period (Japanese cohort, from 40.7% to 44.3%, 8.8% relative in-
crease, P = 0.005; US cohort, from 23.9% to 25.7%, 7.5% relative increase,
P = 0.001).

The temporal trend of annual frequency of each histological subtype
was investigated stratified by stage (Fig. 5). Among women with stage I
disease in the Japanese cohort, the frequency of the incidence of both
clear cell and endometrioid carcinomas increased significantly between
2002 and 2015 (from 32.9% to 40.3% for clear cell, 22.5% relative in-
crease, P < 0.001; from 23.8% to 27.2% for endometrioid, 14.3% relative
increase, P < 0.001), whereas the frequency of the incidence of mucin-
ous carcinoma showed a significant increase between 2002 and 2015
among women with stage I disease in the US cohort (from 15.0% to
24.8%, 65.3% relative increase, P = 0.01). Among women with stage
[I-1V disease, serous carcinoma increased significantly between 2002
and 2015 in both cohorts (all P < 0.05).

B. Histological types per year (SEER)
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Fig. 3. Temporal trends of ovarian cancer histology. A: The Y-axis is truncated to 0-50%. B: The Y-axis is truncated to 0-80%. The annual percentage of each histological subtype among the
four major primary epithelial ovarian cancers is shown. Lines are modeled estimates and points represent actual data. Abbreviations: JSOG, Japan Society of Obstetrics and Gynecology; and

SEER, Surveillance, Epidemiology, and End Results Program.
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Fig. 4. Temporal trends of ovarian cancer histology stratified by age. The Y-axis is truncated according to the distribution. The annual percentage of each histological subtype among the
four major primary epithelial ovarian cancers is shown with stratification by age (<50 vs. 250 years). Lines are modeled estimates and points represent actual data. Abbreviations: JSOG,
Japan Society of Obstetrics and Gynecology; and SEER, Surveillance, Epidemiology, and End Results Program.

4. Discussion

This study demonstrated significant differences in the distribution of
the four major histological subtypes of ovarian cancer between the
Japanese and US cohorts over time. Notably, the frequency of the inci-
dence of clear cell carcinoma showed a significant increase in Japan
but not in the US.

Variations in the histologic subtypes of ovarian cancer between the
Japanese and US cohorts could be partly explained by differences in the
environmental and genetic factors [23,24]. The proportion of clear cell
carcinoma incidence at 26.9% in the Japanese cohort seems to be surpris-
ingly higher than that in a previous study in the US cohort, which ac-
counts for approximately 4-6% of epithelial ovarian cancer [13].

This high prevalence of clear cell carcinoma in the Japanese cohort
would be associated with the following three social-environmental fac-
tors: (i) changes in the age at first menarche and menopause among
Japanese women; (ii) changes in diet and marital status and lower use
of smoking and oral contraceptives; (iii) and a remarkably decreased
pregnancy rate [25-28]. These factors increase the number of ovulations
and menstruations in women's lifetime, and a longer duration of men-
struation substantially increases the risk of developing endometriosis,
which is a known precursor of endometrioid and clear cell carcinomas
[29].

In fact, the number of women with endometriosis has been increasing
in Japan, with estimated 247,000 cases [30], and approximately 0.7% of

these women are reported to develop endometriosis-related ovarian can-
cer every year [31]. Those social-environmental factors seemed to make a
large contribution to the increased occurrence of endometriosis-related
ovarian cancer in Japan. Moreover, in this study, women in the Japanese
cohort have a higher frequency of clear cell carcinoma occurrence than
those of Asian ethnicity in the US cohort. The difference in frequency of
clear cell carcinoma occurrence between the two cohorts clearly suggests
the involvement of the environmental factor.

A previous study estimated that genetic mutations account for up to
a quarter of patients with ovarian cancer [32]. The histological subtypes
of ovarian cancer were characterized by a different mutational spec-
trum. BRCA mutation is one of the most common genetic mutation in
ovarian cancer, especially in high-grade serous carcinoma. Germline
BRCA mutations have been identified in approximately 13-14% of
Japanese women with ovarian cancer, which is comparable to the US
population [33]. The clear cell type has distinct genetic, epigenetic,
and immunological aspects compared to other histological types [34].
However, for the difference in genetic factors in ovarian cancer, whether
the frequency of other genetic variants may vary between ethnic groups
and geographical locations is still unknown.

Another interesting finding was the increased frequency of mucin-
ous carcinoma among older women in the Japanese cohort. Primary
mucinous carcinoma is a relatively rare subtype of ovarian cancer. Re-
cent molecular study has suggested that mucinous carcinoma arises
from an ovarian cortical inclusion cyst and has acquired a
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gastrointestinal phenotype through metaplasia [35]. The gene expres-
sion profile of mucinous carcinoma, including upregulation of the
tumor suppressor gene TP53 and activation of K-RAS mutation [36], ap-
pears to be distinct from other histological subtypes of ovarian cancer
and has been reported to resemble that of normal colonic mucosa
[37]. The process of colon carcinogenesis is time-dependent, and this
cancer is more common in elderly patients; similarly, the increase in
the incidence of mucinous carcinoma in ovarian cancer is more com-
mon among elderly women.

Differentiation between primary and metastatic involvement of the
ovary is important problem for optimal patient management. Even
among skilled pathologists, this distinction can be problematic, as can
the distinction between primary mucinous ovarian carcinoma and mu-
cinous carcinoma metastatic to the ovary [38]. With the application of
histopathological techniques and a better understanding of ovarian can-
cer biology, the incidence rate of primary mucinous carcinoma has fallen
over recent years from 12% to 3% in the US [38,39]. However, even in re-
cent multicenter clinical trials such as GOG 182, an expert pathological
review suggests that 60% of tumors originally classified as primary mu-
cinous ovarian carcinoma were in fact those of metastatic cancer [40].

A limitation of our study is its retrospective design and lack of central
pathology review. Therefore, we do not know if mucinous carcinoma
truly originates from the ovary in both cohorts. Similarly, the temporal
trend observed in clear cell histology is opposite to that observed in se-
rous histology in the Japanese cohort (Fig. 3A). Possibly, the histopatho-
logical classification may have changed over time, but this study lacks
information regarding the diagnostic criteria for each histological type.

The strengths of our study include its nationwide research and likely
the largest sample size in Japan reported in the literature. However, the
JSOG database is focused on leading hospitals in Japan, such as university
hospitals and cancer centers, raising the possibility of sectional bias. An-
other limitation of our study is the lack of data on ethnicity in the
Japanese cohort. This may influence the frequency of the histological sub-
types owing to genetic factors. However, foreigners only account for 1.2%
of the total population in Japan, and many are from other Asian countries;
therefore, JSOG data are overwhelmingly based on Asian patients [41].

In conclusion, women with epithelial ovarian cancer in Japan have
distinct characteristics compared with those in the US. Particularly,
clear cell carcinoma has increased in recent years, reaching to nearly
30% of ovarian cancer cases in Japan. In addition, mucinous carcinoma
has increased in elderly individuals with bidirectional changes in
Japan. Demonstrated changes in temporal trend shown in this study
are clinically meaningful that may influence the future direction of
investigation.
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