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Abstract
Background  Clear-cell carcinoma (CCC) in reproductive-age women is likely to become an increasingly critical issue 
regarding possibilities of infertility, hormonal dysfunction, and mortality. The aim of this study was to examine the long-term 
oncologic outcome and its prognostic indicators based on a multicentric cohort of young patients with CCC.
Patients and methods  During the period of 1990–2015, a total of 164 patients aged 45-year-old or younger were enrolled in 
the study. Clinicopathologic data of these young patients with CCC collected under a centralized pathological review system 
were subjected to uni- and multivariable analyses to evaluate overall survival (OS).
Results  The median follow-up was 73.8 months (range 5.2–244.2) in the surviving patients. Among these patients, 104 
(63.4%) had FIGO I disease, and 22 (13.4%), 31 (18.9%), and 7 (4.3%) had II, III, and IV disease, respectively. The 5-year 
OS rate was 74.5%. On stratification by the FIGO stage, the 5-year OS rates were as follows: stage I (90.2%), stage II (57.9%), 
and stage III/IV (39.3%), respectively (P < 0.0001). Confining analysis to stage I patients, there was no difference in OS 
between those who underwent fertility-sparing surgery and those who received radical surgery (P = 0.1593). In relapsed 
patients, the median survival after recurrence was 11.6 months. In multivariable analysis of stage I patients, the capsule 
status was an independent prognostic indicator of OS {IC2/IC3 vs. IA/IC1: HR 4.293 (95% CI 1.140–16.422), P = 0.0318}.
Conclusion  CCC patients staged greater than IC2/IC3 show a markedly increased risk of mortality. Thus, it is important to 
diagnose patients staged under IC2/IC3.
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survival · Post-recurrence survival

Abbreviations
CCC​	� Clear-cell carcinoma
FSS	� Fertility-sparing surgery
OS	� Overall survival
PRS	� Post-recurrence survival

Introduction

Clear-cell carcinoma of the ovary (CCC) is a compara-
tively rare malignancy in Western countries, accounting 
for approximately less than 10% of all ovarian carcinomas. 
However, this histological type is very common in East Asia, 
with CCC being the second most frequent tumor of epithelial 
ovarian carcinoma in Japan. A Japanese nationwide survey 
revealed an increasing incidence of CCC as a proportion 
of all EOCs, now making up more than 25% of EOCs [1]. 
According to prior studies, resistance to platinum-based 
chemotherapy and a subsequently poorer clinical outcome 
has been demonstrated in patients with advanced-stage CCC, 
compared with serous carcinoma patients. On the other 
hand, since the majority of CCC patients are diagnosed at 
an early stage, the prognosis of CCC women without extra-
ovarian metastasis is not necessarily poorer than that of 
those with a non-CCC histology.
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Similarly to other histological types of epithelial ovar-
ian cancer, CCC is primarily a disease of postmenopausal 
women. However, a close link between CCC and endome-
triosis, which is a common gynecological inflammatory 
disease, can be noted in women of reproductive age [2–4]. 
The malignant transformation of endometriosis is a com-
paratively rare event, occurring in 0.7–2.5% of cases [5]. 
Endometriosis is such a common disease in young patients 
that the risk of CCC is likely to become an increasingly criti-
cal issue because of the demographics of patients. Unfortu-
nately, in earlier studies, little is known about CCC in this 
generation. Furthermore, to our knowledge, no study has 
focused on the prevalence and mortality of young patients 
with CCC based on larger series.

Here, we analyzed data on a multicentric cohort of Japa-
nese patients with CCC diagnosed during 1990 and 2015, 
to further evaluate the long-term oncologic outcome and 
prognostic indicators in reproductive-age women with this 
aggressive tumor. This register-based cohort study con-
ducted under central pathological review is one of the larg-
est to date on this topic.

Patients and methods

Patient enrollment

Patients with malignant ovarian tumors have been regis-
tered and accumulated by the Tokai Ovarian Tumor Study 
Group (TOTSG), consisting of 14 collaborating institutions: 
Nagoya University Hospital, Aichi Cancer Center Hospital, 
Anjo Kosei Hospital, Toyohashi Municipal Hospital, Toy-
ota Memorial Hospital, Ogaki Municipal Hospital, Nagoya 
First Red-cross Hospital, Nagoya Second Red-cross Hospi-
tal, Nagoya Ekisaikai Hospital, Nagoya Memorial Hospital, 
Okazaki Municipal Hospital, Handa City Hospital, Komaki 
City Hospital, and Gifu Prefectural Tajimi Hospital. All 
histological slides were reviewed by two expert patholo-
gists with no knowledge of the patients’ clinical data under 
a central pathological review system. Between 1990 and 
2015, 2744 patients with epithelial ovarian carcinoma and 
sufficient data on clinical outcomes were identified in this 
regional population-based registry system. In the present 
study, eligible criteria were as follows: (1) patients received 
initial surgery and periodic follow-up at the aforementioned 
institutions; (2) patients for whom there was sufficient infor-
mation about the residual tumor at primary surgery, first-
line chemotherapy, and date of recurrence or death; and (3) 
tumors were diagnosed as CCC if typical clear or hobnail 
cells growing in a papillary, solid, or tubulocystic pattern 
appeared based on the central pathological review system 
(the criteria of the World Health Organization). Sixty-six 
patients were excluded from this study because they had 

insufficient clinical data or a history of other malignancies, 
or were lost to follow-up immediately after surgery. Of those 
remaining, 733 CCC patients who fulfilled the above criteria 
were extracted. In the present study, 164 reproductive-age 
patients with CCC were finally enrolled (Fig. 1). This study 
was approved by the ethics committees of Nagoya University 
and affiliated institutions. The stage was defined according to 
the classification of the International Federation of Gynecol-
ogy and Obstetrics (FIGO, 1988). In addition, stage IC were 
categorized into three subtypes based on the FIGO (2014) 
classification [6].

Treatment

Primary laparotomy was conducted in all patients for 
assessment of the abdominal contents. In principle, stand-
ard primary surgical treatment consisted of hysterectomy, 
bilateral salpingo-oophorectomy, infracolic omentectomy, 
retroperitoneal lymphadenectomy, or sampling. Twenty-one 
patients with stage I tumor underwent conservative surgery 
because they hoped to preserve fertility or were young. In 
those patients, 15 underwent unilateral salpingo-oopho-
rectomy ± omentectomy, and 6 patients received unilateral 
salpingo-oophorectomy ± omentectomy and partial resection 
of the contralateral ovary. Peritoneal washing was routinely 
carried out in all patients. If any abnormalities were identi-
fied, peritoneal biopsies from different sites were appropri-
ately performed. When a residual tumor remained, maximal 
cytoreductive surgery was performed. If patients were at an 
advanced stage, or showed severe perioperative complica-
tions and/or comorbidity, or underwent conservative surgery, 
retroperitoneal lymphadenectomy was not performed at each 
surgeon’s discretion. There are 104 patients who were sup-
posed to stage I. In those patients, retroperitoneal lymph 
node evaluation involved one of the following: (1) lymph 
node dissection, (2) lymph node sampling, or (3) palpation 

1. Centralized histological review by our referent pathologist: 
2. Exclusion of borderline ovarian tumor
3. Available data on management and outcomes of patients

1990-2015 
2,744 patients with all-stage epithelial ovarian cancer

733 CCC patients with 
stage I-IV enrolled

164 CCC patients aged 45 
or younger

Analyzed clinical data

66 patients excluded due to insufficient 
clinical data and/or follow-up

569 CCC patients aged 
over 45

Fig. 1   Patient flowchart
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and removal of enlarged lymph nodes. Overall, 72 (69.2%) 
patients received systemic retroperitoneal lymphadenectomy 
or sampling. Among them, 4 of 21 (19.0%) of FSS group 
and 68 of 83 (81.9%) patients underwent those surgical 
procedure.

As patients with CCC showed poorer clinical outcomes, 
chemotherapy was in principle recommended for all patients; 
however, in 16 women, this was not done. Among 104 with 
stage I tumor, 89 (85.6%) patients underwent postopera-
tive chemotherapy [17/21 (81.0%) in FSS group and 72/83 
(86.7%) in non-FSS group, respectively]. Policies on chemo-
therapeutic agents varied according to the time; however, 
we basically used the same selection criteria for first-line 
regimens as TOTSG. Details of the chemotherapy regimen 
during each period were described previously [7].

Follow‑up and analysis

At the end of treatment, all patients underwent strict follow-
up, consisting of clinical checkups, such as pelvic examina-
tion, ultrasonographic scan, CA125 evaluation, and periodic 
CT. Radiologic recurrence was defined as recurrence based 
on CT, and/or magnetic resonance imaging (MRI), and/or 
ultrasound. Clinical recurrence was defined as the develop-
ment of ascites, elevated CA125, or a clinically palpable 
mass. The overall survival was defined as the time interval 
between the date of surgery and the last date of follow-up 
or death due to any cause. The post-recurrence survival was 
defined as the time interval between the date of recurrence 
and the last date of follow-up or death due to any cause.

Statistics

The distributions of clinicopathologic events were evaluated 
using Student’s t test and the Chi-square test. Survival analy-
sis was based on the Kaplan–Meier method. The survival 
curves were compared employing the log-rank test. Multi-
variable analysis was performed with the Cox proportional 
hazards model to evaluate independent factors affecting sur-
vival. A P value of < 0.05 was considered significant.

Results

Patients’ characteristics

The characteristics of enrolled patients are detailed in 
Table 1. The median (range) age was 40 (27–45 years) 
years. The number of patients under 35 was 20 (12.2%). 
The distribution of the FIGO stage was 63.4% (104/164) 
in stage I, 13.4% (22/164) in stage II, 18.9% (31/164) in 
stage III, and 4.3% (7/164) in stage IV. In this study, there 

was no patient with a stage IB tumor. Based on the stage 
IC classification of FIGO 2014 [6], there were 50 (30.5%) 
patients with IC1, 10 (6.1%) with IC2, and 10 (6.1%) with 
IC3 tumors. In all, there were 21 (12.8%) patients who 
underwent fertility-sparing surgery [N = 7 (IA), 11 (IC1), 
and 3 (IC2/3)]. Although postoperative chemotherapy 
was principally recommended for all patients, 16 women 
(9.8%: 11 with IA, 4 with IC1, and 1 with IIA) did not 
receive it. In the majority of the patients (N = 123; 75.0%), 
the preoperative CA125 value was elevated to over 35 U/
mL.

Table 1   Patients’ characteristics

FIGO International Federation of Gynecology and Obstetrics, IC sub-
stage was defined according to FIGO 2014 classification, FSS fertil-
ity-sparing surgery, NA not applicable

N (%)

Total 164
Age
 (Median range) 40 (27–45)
  ≤ 34 20 12.2
  35–40 68 41.5
  ≥ 41 76 46.3

FIGO stage
 I 104 63.4
  IA 28 17.1
  IC1 50 30.5
  IC2 10 6.1
  IC3 10 6.1
  IC NA 6 3.6

 II 22 13.4
 III 31 18.9
 IV 7 4.3

Surgery
 FSS 21 12.8
 Non-FSS 143 87.2

Ascites volume (mL)
 None 61 37.2
 < 100 60 36.6
 100–499 22 13.4
 500–999 7 4.3
 ≥ 1000 14 8.5

CA125 value
 ≤ 35 U/mL 35 21.3
 > 35 U/mL 123 75.0
 NA 6 3.7

Chemotherapy
 None 16 9.8
 Taxane plus platinum 104 63.4
 Platinum-based 44 26.8
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Oncologic outcome and overall survival

With a median follow-up of 73.8 months (range 5.2–244.2) 
in the surviving patients, 59 patients (36.0%) developed 
recurrence. The median time to recurrence was 11.9 months. 
Forty-five patients (27.4%) died of their recurrence.

The overall 5-year survival rate was 74.5% (Fig. 2). The 
overall survival (OS) curves of all patients according to the 
FIGO stage are shown in Fig. 3. The 5-year OS rates were 
as follows: stage I (90.2%), stage II (57.9%), and stage III/V 
(39.3%) (P < 0.0001). Patients with stages I and II tumors 
did not reach the median survival time (MST). The MST for 
patients with stages III–IV tumors was 26.1 months. There 

was a significant difference in OS rates among patients 
belonging to each stage (P < 0.0001: Fig. 3).

Generally, the rate of cancer in women rises with increas-
ing age. Thus, whether the oncologic outcome was different 
among women of different age groups (≤ 34, 35–40, and 
41–45) was further investigated. Figure 4 shows the OS 
curves on stratification by the age distribution. No signifi-
cant difference among the 3 groups (P = 0.905) was iden-
tified. Subsequently, confining analysis to stage I patients, 
we compared the OS rates between the FSS and non-FSS 
(radical surgery) groups. The 5-year OS rates were 95.0% 
(FSS) and 89.1% (non-FSS). As shown in Fig. 5, the patients 
in the FSS group did not show a poorer OS than those in the 
radical surgery group (P = 0.1593).
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Fig. 2   Kaplan–Meier estimated overall survival of patients with all-
stage clear-cell carcinoma (CCC). The overall 5-year survival rate 
was 74.5%
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Fig. 3   Kaplan–Meier estimated overall survival of patients with CCC 
according to the FIGO stage. The 5-year OS rates were as follows: 
stage I (90.2%), stage II (57.9%), and stage III/V (39.3%) (compari-
son among three groups: P < 0.0001). Patients with stage I and II 
tumors did not reach the median survival time (MST). The MST in 
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Multivariable analysis of stage I CCC patients

As the majority of patients had a stage I tumor with known 
substage, multivariable analysis was subsequently carried 
out to search for an independent prognostic indicator of 
OS in stage I CCC patients. As shown in Table 2, the age 
(≤ 34, 35–40, and 41–45), substage (FIGO IA/IC1 vs. IC2/
IC3), type of surgery (FSS vs. non-FSS), volume of ascites 
(none/< 100 vs. ≥ 100 mL), and presence or absence of 
adjuvant chemotherapy (Presence vs. absence) were 
entered into the Cox proportional hazard analysis. Con-
sequently, only substage was an independent prognostic 
factors unfavorable OS (HR 4.293, 95% CI 1.140–16.422, 
P = 0.0318).

Post‑recurrence survival in patients who 
experienced relapse

As mentioned previously, in our study we identified 59 
patients who developed recurrence. Accordingly, the sur-
vival rate after recurrence was examined in such patients. 
Figure 6 shows the Kaplan–Meier curve of post-recurrence 
survival (PRS). The median PRS was 11.6 months. The 1-, 
3-, and 5-year PRS rates were 46.8, 20.5, and 15.6 months, 
respectively.

Discussion

In general, CCC is frequently diagnosed postmenopause. 
Thus, the number of CCC patients at reproductive age is 
relatively low. However, given the high prevalence of endo-
metriosis in young women, the occurrence of CCC at repro-
ductive age is problematic due to its life-threatening impact 
as well as the possibility of the loss of fertility. Therefore, 
it is necessary to understand clinical hallmarks and prog-
nostic indicators of CCC, particularly in this generation. To 
our knowledge, there have been few reports targeting CCC 
patients at reproductive age. In the present study, we inves-
tigated the clinical features of Japanese patients based on 
large population-based series under centralized pathologi-
cal review. Previously, we overviewed the recurrence-free 
survival and possible prognostic indicators influencing it in 
young women with CCC [8]. The present study is the sub-
sequent report focusing on long-term overall survival and 
oncologic outcome in this generation with CCC.

In the present study, the patients’ stage distributions 
were 63.4% (104/164) in stage I, 13.4% (22/164) in stage 
II, 18.9% (31/164) in stage III, and 4.3% (7/164) in stage 
IV. Therefore, the majority of patients had stage I tumors. 
This is consistent with the previous data regarding patients 
of all ages [9]. With regard to the oncologic outcomes, the 
5-year OS rates were as follows: stage I (90.2%), stage II 
(57.9%), and stage III/V (39.3%), respectively. Since CCC 
is considered an aggressive tumor, postoperative systemic 
chemotherapy has been basically recommended in clinical 
practice to eliminate occult metastatic clones as thoroughly 
as possible. At present, taxane plus platinum combination 
is considered standard chemotherapy based on prior stud-
ies demonstrating a higher response rate than with conven-
tional platinum-based chemotherapy (22–56% vs. 11–27%, 

Table 2   Multivariable analysis (stage I patients with known substage)

HR hazard ratio, FIGO International Federation of Gynecology and 
Obstetrics, FSS fertility-sparing surgery

N HR 95% CI P value

Age
 ≤ 34 11 Ref
 35–40 42 0.903 0.127–18.100 0.9291
 ≥ 41 98 0.941 0.126–20.374 0.9593

FIGO stage
 IA/IC1 78 Ref
 IC2/IC3 20 4.293 1.140–16.422 0.0318

Sugery
 FSS 21 Ref
 Non-FSS 77 0.450 0.022–3.234 0.4571

Acites volume (mL)
 None/< 100 mL 86 Ref
 ≥ 100 mL 12 1.653 0.131–4.294 0.5676

Chemotherapy
 Absent 15 Ref
 Present 83 0.144 0.508–8.87e + 234 0.1436

0

20

40

60

80

100

P
os

t-r
ec

ur
re

nc
e 

su
rv

iv
al

 (%
)

0 12 24 36 48 60

Months

72

Median survival period after recurrence
11.6 months

Survival rate after
recurrence (%)

1 year 46.8
2 year 31.9
3 year 20.5
4 year 15.6
5 year 15.6
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respectively) [10, 11]. In our series, the majority of patients 
(90.2%) underwent postoperative cytotoxic chemotherapy. 
However, patients with disease more advanced than IC with 
preoperative capsule rupture/positive washing showed an 
unfavorable oncologic outcome. Moreover, in multivari-
able analysis, we could not identify a survival advantage in 
patients who received chemotherapy. By overviewing the 
current data, we re-recognized the limitation of conventional 
cytotoxic chemotherapy regarding its power to eliminate 
invisible micrometastasis.

For reproductive-age patients, child-bearing is a crucial 
consideration. Normally, the standard surgical treatment for 
CCC patients consists of hysterectomy, bilateral salpingo-
oophorectomy, and omentectomy with surgical staging. 
However, if we use such surgical procedures for these young 
women, the reproductive functions as well as female-specific 
endocrine system will be permanently lost. Occasionally, 
conservative surgery, at least including the uterus and con-
tralateral ovary, is considered as a surgical option for young 
patients with early-stage CCC. Nevertheless, the indication 
in clinical practice is now controversial. The number of 
women over 40 years of age seeking infertility treatment 
has been steadily increasing [12]. In our earlier prelimi-
nary report, we could not identify a survival disadvantage 
in early-stage CCC patients under 40 who underwent FSS, 
compared with those who underwent conventional surgery 
[13]. However, the population of women in their early 40s 
requiring assisted reproductive technology increased signifi-
cantly from 10–15% in the 2000s to 20–25% in 2009 [12, 14, 
15]. Furthermore, reflecting on the fact that the majority of 
women with ovarian cancer in their 40s (51.4%, 507/986) 
have stage I tumors [16], we considered the necessity of 
reassessing the possibility of FSS based on a larger number 
of patients, expanding the age up to those in their early 40s. 
In this study, the stage I patients in the FSS group did not 
show a poorer overall survival than those in the conventional 
surgery group [P = 0.1593: 5-year OS rates: 95.0% (FSS) and 
89.1% (conventional)]. Here, we would like to suggest a rea-
son why a poorer oncologic outcome was not observed in the 
FSS-group, in spite of the fact that FSS is a limited surgery. 
Based on summarized data from five representative studies, 
there were 12 patients with CCC who experienced recur-
rence after receiving FSS [17–21]. Among these patients, 
91.7% (11/12) showed an extra-ovarian/uterine recurrence, 
including the peritoneal cavity, retroperitoneal lymph nodes, 
and distant parenchymal organs. We suggest that the con-
tralateral ovary and uterus are uncommon organs as sites 
of FSS-related recurrence, reflecting the highly aggressive/
metastatic hallmarks of CCC. However, we should keep a 
careful attitude toward the selection of FSS, despite the fact 
that the FSS-related recurrence is rare in women with early-
stage CCC. Irrespective of this, a woman who selects FSS 
receives the marked benefit of preserving the ability to have 

a child. It is necessary for the patient and physician to share 
risk-and-benefit information before selecting this surgery.

In the current study, we consequently identified 59 
patients who developed recurrence. We noted extremely 
poor survival after recurrence in such patients (median post-
recurrence survival: 11.6 months). Regardless of a repro-
ductive or non-reproductive age, the therapeutic strategy for 
recurrent CCC is a marked challenge in clinical practice.

Several reports indicated that younger women have a 
more favorable tolerance of intensive chemotherapeutic 
agents, which may lead to a better outcome in these patients 
[22, 23].

However, given the clearly limited benefit of cytotoxic 
drugs, with response rates of less than 10% [24], there is now 
marked interest in the development of either monotherapy or 
combination with other molecular targeted/cytotoxic agents 
for the treatment of recurrent CCC. Prognostic improvement 
in patients with CCC is anticipated through preclinical data, 
including angiogenesis-modulating agents and inhibitors of 
PI3K-Akt-mTOR pathway [25–27]. Kikuchi et al. reported 
that 3 out of 6 patients with CCC showed a response to tem-
sirolimus, which is a targeted agent inhibiting mammalian 
target of rapamycin (mTOR) [28]. In addition, the emer-
gence of immune checkpoint inhibitors has revolutionized 
multiple cancer strategies and encouraged us regarding the 
improvement of patient outcomes. Regarding the introduc-
tion of immune checkpoint inhibitors, including nivolumab 
and avelumab studies, it is noteworthy that 4 of the 5 patients 
showing durable responses had CCC [29–31]. Given the 
rarity of and geographical difference in the prevalence of 
CCC, most previous clinical trials failed to include sufficient 
numbers of patients with this tumor. Further international 
collaborative studies are essential to enroll adequate patient 
numbers.

The limitations of the current report are those associ-
ated with any retrospective study, involving the possibility 
of selection bias and treatment heterogeneity, particularly in 
relapsed cases. The absence of a significant difference may 
merely reflect a type II error based on the small patient num-
ber. In addition, we lacked detailed clinical information on 
the prevalence of endometriosis and reproductive outcome 
reflecting patients’ hope to conceive. Furthermore, one of 
the major weaknesses of the current study was that not all 
of the patients underwent systematic lymphadenectomy in 
spite of the fact that all received peritoneal staging, includ-
ing ascites/washing cytology, and had information on the 
capsule state. In those patients, we may have missed nodal 
occult metastases. On the other hand, the strengths of our 
study included the centralized pathological review by expert 
pathologists in gynecologic malignancy. Thus, reassessment 
of the pathological findings contributed to appropriate diag-
nosis and reduced intraobserver variability on determining 
the histological type. Additionally, the initial surgery and 
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chemotherapy were carried out based on the same criteria 
and protocol in an identical study group (TOTSG group).

In summary, this is one of the largest regional population-
based studies to evaluate the demographic and clinicopatho-
logic prognostic factors associated with the oncologic out-
come of reproductive-age women with CCC using detailed 
pathologic information. Although the retrospective data 
suggest that FSS may be considered for reproductive-age 
women, patients should be appropriately counseled with 
sufficient explanation of the risks. Due to the unsatisfactory 
treatment outcome with cytotoxic chemotherapy, further 
clinical trials are anticipated for the identifications of opti-
mal combination with molecular targeted/cytotoxic agents.
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