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Abstract

Objectives

To compare the clinicopathologic features and prognosis of Chinese patients with ovarian

clear cell carcinoma (CCC) and serous carcinoma (SC).

Methods

A retrospective cohort study was designed to investigate the clinicopathologic characteristic

and prognosis of patients with CCC and SC who were diagnosed and treated in in a tertiary

referral center (Peking Union Medical College Hospital) between 1999 and 2009. The

Kaplan-Meier method and Cox regression were employed in the survival analysis.

Results

A total of 504 cases were included in the study, comprising 197 cases of CCC and 307

cases of SC. The mean age of the patients with SC was greater than of CCC patients (3.6

±0.94, P<0.001). Patients with CCC were more likely to be early-stage and optimally

debulked (P<0.001). Regarding cancer-antigen 125, 22% of the patients with CCC had

normal values, and the level was significantly lower than in patients with SC (P<0.001).
More CCC patients had platinum-resistant tumors compared with platinum-sensitive dis-

ease (45.7% in CCC vs. 61.0% in SC [P=0.008]). The 5-year survival rate was 51.2% in

the CCC group vs. 49.8% in the SC group (P=0.428). Patients with advanced CCC had a

statistically significant poorer overall survival (OS) compared with their SC counterparts

(38.0 vs. 52.0 months; hazard ratio 1.584, 95% confidence interval [CI] 1.167-2.150,

P=0.003). However, the advantage of improved progression-free survival (PFS) existed

across all stages.
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Conclusions

Women with ovarian CCC presented at a younger age and early stage. Patients with ovar-

ian CCC also had improved PFS, but they had similar OS compared to patients with SC.

However, patients with advanced CCC had decreased survival.

Introduction
Epithelial ovarian carcinoma (EOC) is the most lethal gynecologic malignancy [1]. The histo-
logical subtypes of ovarian cancer are perceived to be distinct diseases, each with distinct clini-
cal and molecular characteristics [2–4]. In addition, a recently published systematic review
demonstrated that the relative frequencies of the histological subtypes were not homogenous
across countries [5]. In general, ovarian clear cell carcinoma (CCC) is the second-most com-
mon type of EOC, accounting for 5–25% of cases depending on geographic locations [4], with
a median frequency of 5.3% [5]in the published literature.

Historically, the diagnosis of ovarian CCC has been of great concern due to the fact that
CCC has been reported to confer a poorer prognosis than the more common serous carcinoma
(SC) [6]. However, published studies comparing ovarian CCC with other EOC subtypes have
shown discrepancies due to the rarity of such cases [7, 8]. With accumulating case outcomes,
there have been several important publications with large sample sizes based on database anal-
yses and clinical trials regarding the comparative prognosis of CCC vs. SC [8–15]. Nevertheless
no definite agreement has ever been achieved. In addition, most of the above-mentioned stud-
ies came from European countries [9, 10, 12–14, 16], one from the United States based on
SEER (Surveillance, Epidemiology, and End Results) [11] and the other cohort study from
Japan [15]. Few studies concerning ovarian CCC prognosis in Chinese patients have ever been
reported. The purpose of the current comparative study was to analyze and compare the clini-
copathologic characteristic and prognosis of patients with CCC and SC based on Chinese
patients’ data, which we hope might bring new information to the clinical management of
ovarian CCC.

Materials and Methods

1. Study patients
Approved by the Institutional Review Boards and Ethical Committee, this retrospective cohort
study was conducted at a tertiary referral center (Peking Union Medical College Hospital). All
of the patients gave their written informed consent prior to inclusion in the study. We searched
the Electronic Medical Records (EMR) Database in our institution to identify all of the patients
with EOC diagnosed and treated between December 1999 and December 2009. Cases were
selected mainly based on the original diagnosis by the pathologists via the pathology results
available in EMR. In our previous work (unpublished), a SC database (selecting cases by ran-
dom-number) and tissue microarray was constructed. In the current series, we included all of
the patients with a diagnosis of ovarian CCC in the same period to set up a CCC database due
to the rarity of such cases. In the process, a comprehensive retrospective review of the medical
charts was performed by two different well-trained gynecologic doctors; the same senior gyne-
cologic oncologist (Dr. Jiaxin Yang) was responsible for quality-control by checking the extrac-
tion results. The inclusion criteria were pathologically confirmed CCC or SC of the ovary,
available medical records for pretreatment assessment, diagnosed and/or treated in our
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institution and complete follow-up information. The exclusion criteria were listed as follows:
multiple medical complications (at least two comorbidities), mixed epithelial histology and
incomplete follow-up information.

Patients’ demographics, clinical features, treatments and survival information were
abstracted from the EMR. The variables assessed were as follows: age at the time of diagnosis,
serum level of cancer-antigen 125 (CA-125) before treatment, date and type of primary sur-
gery, International Federation of Gynecology and Obstetrics (FIGO) stage, residual disease,
lymph node metastasis, adjuvant chemotherapy, time of disease progression or recurrence and
survival status at last contact.

Microscopic slides were reviewed by the same gynecology-dedicated pathologist (Dr. Yan
You) and confirmed by a second experienced gynecologic pathologist (Dr. Jie Chen). Both
were blinded to the original diagnosis. The histologic subtype was classified according to the
World Health Organization (WHO) definitions [17]. Our previous study suggested that
mixed-type CCC patients had a poorer survival than their pure CCC counterparts, though sta-
tistical significance was not reached [18]. To ensure purity, cases with mixed histology were
excluded from the current study. Given that most of the aforementioned publications did not
distinguish ovarian low-grade and high-grade serous carcinoma, we also compared the CCC
cases to the aggregated SC types as a whole. Ovarian clear-cell tumors were not graded because
one of the main difficulties in managing CCC is the histologic grading [12, 19].

Patients were staged using the FIGO 2012 staging system and further divided into early
stage (FIGO I-II) and advanced stage (FIGO III-IV) for the purpose of statistical analysis. In
our institution, complete staging surgery and cytoreductive surgery (CRS) with subsequent
adjuvant chemotherapy is considered the standard approach for ovarian cancer patients with
early-stage and advanced-stage disease, respectively. The vast majority of the patients received
platinum-based chemotherapy regimens with the number of cycles ranging from six to nine.
Operations were performed by gynecologic oncology faculty members to achieve optimal
cytoreduction, which was defined as residual disease less than (or including) 1 cm after primary
debulking. The platinum-sensitive disease group included patients who had relapsed more
than six months after completion of the last platinum-based regimen. CA-125 was categorized
as normal (� 35 U/ml) or high (> 35 U/ml), consistent with the definition of CA-125 normali-
zation commonly used in the clinical setting.

The duration of the patients’ overall survival (OS) was calculated from the date of their pri-
mary surgery to the date of death or last contact, and their progression-free survival (PFS) was
measured from the date of their primary surgery to the date of first progression or recurrence.
All of the follow-up information was censored following December 31, 2012.

2. Statistical analyses
Continuous variables were evaluated by parametric Student t tests or Mann-Whitney U tests
as appropriate, while categorical variables were compared by chi-squared tests. Probability of
superiority/probabilistic index = Mann-Whitney U value/mn (number of participants) [20].
PFS and OS times were estimated using Kaplan-Meier model (Mantel-Cox test) while Cox
regression was employed for multivariate analysis. Variables with statistical significance in
univariate analysis were included in the multivariate one. All of the P values reported were
two-sided, and a value of P<0.05 was considered statistically significant. Statistical Package
for Social Science (SPSS) statistical software (Version 17.0, SPSS, Inc., Chicago, IL, USA) and
GraphPad Prism (Version 5.0, GraphPad Software, Inc., La Jolla, CA, USA) were used for all
of the analyses.
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Results
The preliminary EMR database search identified 1543 cases of EOC during the 10-year period
1999–2009. A rough estimation of the histological subtype distribution was as follows: SC, 875
cases (56.7%); endometrioid carcinoma, 239 cases (15.5%); CCC, 202 cases (13.1%); mucinous
carcinoma, 73 cases (4.7%) and the other 154 cases (10.0%) including mixed epithelial carci-
noma, transitional cell tumor and undifferentiated carcinoma. Then, two gynecologic doctors
conducted a comprehensive review of the medical charts for the 202 cases with CCC and a ran-
domly-chosen subset of 322 cases with SC. A total of 20 cases (5 in the CCC group and 15 in
the SC group) were excluded due to incomplete follow-up information. Therefore, the current
comparative study was based on 197 patients with CCC and 307 patients with SC.

1. Comparison of clinical and pathological features
Table 1 shows the clinical and pathological characteristics of the entire cohort. The mean age
of patients with a diagnosis of clear cell histology was 50 years with a range of 29 to 81 years.
They were significantly younger than the patients with a diagnosis of serous histology
(Difference ± Standard Error 3.6±0.94, 95% confidence interval [CI] 1.7–5.4; P<0.001).
Women with CCC were more likely to present with early-stage disease compared with SC
patients (48.7% for CCC and 16.3% for SC [P<0.001]).

Serum CA-125 levels were reported before the primary surgery in 473 patients (173 with
CCC and 300 with SC). The baseline CA-125 level was significantly lower among the CCC
patients (probabilistic index = 0.272, P<0.001, Mann-Whitney U test). Normal CA-125 levels
were observed in 38 (22.0%) patients with CCC, whereas only 2.3% of patients with SC had
normal levels (P<0.001, Chi-squared test). Pre-chemotherapy CA-125 levels (measured fol-
lowing surgical debulking) were available for 160 patients with CCC and 293 patients with SC.
Interestingly, the SC patients experienced a steep reduction in CA-125 level following their pri-
mary surgery from 870.0 U/ml to 147.9 U/ml. At that time, the CA-125 levels was still signifi-
cantly different between the two groups (probabilistic index = 0.359, P<0.001, Mann-Whitney
U test).

At the completion of the primary surgery, 61.4% of the patients in the CCC group and
42.0% of patients in the SC group had residual disease�1 cm (P<0.001), in which the odds
ration was 2.20. Of the entire study population, 85.3% (430/504) underwent lymphadenect-
omy. Among them, 25.1% (43/171) of patients in the CCC group and 49.4% (128/259) of
patients in the SC group were found to have lymph node metastasis, and this difference was
statistically significant (P<0.001). The vast majority (98.8%) of the patients received adjuvant
chemotherapy, and almost all of the patients received platinum-based regimens.

2. Comparison of prognosis and survival outcomes
The mean follow-up was 51 months (range 1–152 months) for the entire cohort. During the
study period, 70% (360/507) of the patients developed disease progression and/or relapse,
including 51.3% (101/197) of the patients in the CCC group and 84.4% (259/307) of the
patients in the SC group. Among them, 50 patients (14 in the CCC and 36 in the SC group)
had progressive disease during the first-line chemotherapy, P = 0.090). In terms of response to
platinum-based chemotherapy, 45.6% (46/101) of the CCC patients and 61.0% (158/259) of
the SC patients had platinum-sensitive disease, and this difference was statistically significant
(P = 0.008). During the study period, 97(97/197, 49.2%) and 168(168/307, 54.7%) deaths were
observed in the CCC and SC group respectively, leading to a total death of 265.

The OS for the CCC and SC group was not significantly different (Fig 1A; P = 0.428). On
the whole, patients had an estimated median OS of 64.0 months (95% CI 48.7–79.3 months) in
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the CCC group and 60.0 months (95% CI 49.9–70.1 months) in the SC group with a hazard
ratio (HR) of 0.901 (95% CI 0.703–1.153). From the survival table based on the Kaplan-Meier
method, the 5-year survival rates were 51.2% and 49.8% in patients with CCC and SC, respec-
tively. In contrast, improved PFS was observed in the CCC group (Fig 1B; P<0.001). These
patients had a median PFS of 41.0 months (95% CI 0.0–86.2 months) in the CCC group com-
pared with 16.0 months (95% CI 13.8–18.2 months) in the SC group.

Table 2 shows the survival outcome matching for age at diagnosis, stage of disease and
debulking status. After adjusting for age, CCC patients had a better PFS than SC patients with
no significant difference in OS. In early-stage disease, SC patients had a slightly better 5-year
OS compared with their CCC counterparts (85.2% vs. 82.0%) without statistical significance
(P = 0.372). However, a better PFS was identified in the CCC group (not achieved in the study
period vs. 52.0 months [P = 0.017]). In regard to advanced disease, patients with CCC had a
poorer OS with a median survival of 38.0 months (95% CI 23.7–52.3 months) compared with
52.0 months (95% CI 45.7–58.3 months) in the SC group (hazard ratio 1.584, 95% CI 1.167–
2.150, P = 0.003). The PFS advantage still existed among patients with late-stage disease,
though with only a minor difference (16.0 months, 95% CI 12.2–19.8 months for CCC and
14.0 months, 95% CI 12.0–16.0 months for SC [HR 1.318, 95% CI 1.013–1.715; P = 0.034]).

Table 3 presents univariate and multivariate survival analysis. Late stage (P<0.001), and
suboptimal debulking (P<0.001) were independent negative predictors for OS. On the other
hand, late stage (P<0.001), suboptimal debulking (P<0.001), and serous histology (P = 0.005)
were statistically significant adverse variable for PFS.

Table 1. Clinicopathological features of patients with clear cell carcinoma and serous carcinoma.

Characteristics CCC (n = 197) SC (n = 307) P value

Mean age (range) (years) 50 (29–81) 54 (22–83) <0.001a

FIGO stage

Stage I 83 (42.1%) 20 (6.5%) <0.001b

Stage II 13 (6.6%) 30 (9.8%)

Stage III 93 (47.2%) 237 (77.2%)

Stage IV 8 (4.1%) 20 (6.5%)

Stage Group

Early (I+II) 96 (48.7%) 50 (16.3%) <0.001b

Advanced (III+IV) 101 (51.3%) 257 (83.7%)

Pre-operation CA-125 (the 50th Percentile [min-max]) (U/ml) 101.0 (3.1–14647.0) 870.0 (8.0–56541.0) <0.001c

n = 173 n = 300

Pre-chemotherapy CA-125 (the 50th Percentile [min-max]) (U/ml) 75.0 (0.1–5000) 147.9 (4.8–9940) <0.001c

n = 160 n = 293

Residual disease

�1 cm (optimal) 121 (61.4%) 129 (42.0%) <0.001b

>1 cm (suboptimal) 76 (38.5%) 178 (58.0%)

Lymph node metastasis 43 (25.1%) 128 (49.4%) <0.001b

n = 171 n = 259

Adjuvant chemotherapy 192 (97.5%) 306 (99.7%) 0.070b

a Student’s t test
b Chi-squared test
c Mann-Whitney U test

Abbreviations: CCC, clear cell carcinoma; SC, serous carcinoma; CA-125, cancer-antigen 125; CI, confidence interval; min, minimum; max, maximum.

doi:10.1371/journal.pone.0133498.t001
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Discussion
Sung and colleagues undertook a systematic review including 17 database analyses, six clinical
trials, four cohort studies and 14 molecular studies of surgical sample archives to investigate
the global distribution pattern of the histological subtypes of EOC [5]. They arrived at a conclu-
sion that EOC is a heterogeneous disease with a heterogeneous distribution pattern. Globally,
the median relative frequencies were as follows: serous, 45.0%; endometrial, 12.6%; and clear
cell, 5.3%. The present study focused on patients with EOC in mainland China and identified
the histology distribution pattern from a tertiary referral center. Our results revealed that
serous carcinoma was the leading subtype, accounting for 56.7% of cases, followed by the endo-
metrioid (15.5%) and clear cell (13.1%) subtypes. Our results suggested that SC was the most
commonly reported subtype of EOC in China but that the CCC proportion was highly elevated
compared with the global mean value.

This study revealed that patients with ovarian CCC tended to be diagnosed at a younger
age, at an earlier FIGO stage and with a much lower serum CA-125 level before treatment. We
were interested in CA-125 because the serum level of CA-125 is well established as a highly
useful marker for monitoring treatment response [19, 21]. Nevertheless the role and prognostic
implication of CA-125 for CCC specifically is less certain [19]. In our series, approximately
one-fifth of the ovarian CCC patients had normal CA-125 levels at presentation. In addition,
the baseline CA-125 level prior to surgery in the CCC patients was lower than that in SC
patients. It is worth noting that the CCC patients only had a minor reduction in their CA-125
levels compared with SC patients, though both patient groups were optimally debulked. Tian
and colleagues reviewed seven Gynecologic Oncology Group phase III trials to illuminate the

Fig 1. Kaplan-Meier survival curves of patients with ovarian clear cell carcinoma (CCC) and serous carcinoma (SC). Fig 1A and 1B show the OS and
PFS of CCC and SC, respectively. Fig 1C and 1D show the survival curves of patients with early-stage disease, and Fig 1E and 1F show the survival curves
of patients with late-stage disease.

doi:10.1371/journal.pone.0133498.g001
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Table 2. Survival outcomematching for age, stage of disease and debulking status.

Overall survival (Median/95%CI) (Months) Progression-free survival (Median/95%CI) (Months)

CCC SC P value CCC SC P value

Age

Age�53* 115 59 0.132 86 18 <0.001

50.4–179.5 40.4–77.4 69.7–102.5 14.7–21.2

Age>53 54 61 0.672 30 14 <0.001

41.8–66.2 50.8–71.2 5.5–54.5 11.3–16.7

Stage

Early (I+II) NA# NA 0.372 NA 52 0.017

45.1–58.9

Late (III+IV) 38 52 0.003 16 14 0.034

23.7–52.3 45.7–58.3 12.2–19.8 12.0–16.0

Debulking

Optimal NA 76 <0.001 NA 23 <0.001

55.4–96.6 16.8–29.1

Suboptimal 27 50 <0.001 12 12 0.906

18.0–35.9 37.6–62.4 8.7–15.3 10.4–13.6

*The mean age of the entire cohort was 53 years old.
#NA (not achieved): at time of analysis, median survival had not been reached.

Abbreviations: CCC, clear cell carcinoma; SC, serous carcinoma; CI, confidence interval; NA, not achieved.

doi:10.1371/journal.pone.0133498.t002

Table 3. Significant predictors of survival in univariate (Kaplan-Meier method using log-rank test) andmultivariate survival analysis (Cox
regression).

Univariate

Variable Category No. OS PFS

(Percentage) Median P Median P

Age (years) �53 265(52.6%) 66 0.211 23 0.066

>53 239(47.4%) 56 18

Stage Early 146(29.0%) NA <0.001 NA <0.001

Late 358(71.0%) 49 14

Debulking Optimal 250(49.6%) 96 <0.001 42 <0.001

Suboptimal 254(50.4%) 41 12

Lymph node metastasis Yes 170(39.6%) 49 <0.001 14 <0.001

No 259(60.4%) 108 41

Histology Clear cell 197(39.1%) 64 0.428 41 <0.001

Serous 307(60.9%) 60 16

Multivariate

Variable OS PFS

HR 95% CI P HR 95% CI P

Early stage 2.896 1.846–4.544 <0.001 2.536 1.745–3.687 <0.001

Optimal debulking 1.917 1.396–2.633 <0.001 1.961 1.492–2.579 <0.001

Lymph node metastasis 0.746 0.551–1.012 0.060 0.895 0.690–1.161 0.403

Clear cell carcinoma — — — 1.482 1.125–1.953 0.005

Abbreviations: OS, overall survival; PFS, progression-free survival; NA, not achieved; HR, Hazard Ratio; CI, confidence interval.

doi:10.1371/journal.pone.0133498.t003
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relationship between CA-125 and prognosis in advanced clear cell and mucinous cancers [19].
They found that the pre-chemotherapy CA-125 level in CCC was approximately one-half com-
pared with other EOC histologies. They postulated that this result might be due to the smaller
volume of residual disease as well as fundamental differences in the biology of malignancies.
Even within the same histology subtype, the wide distribution of preoperative CA-125 might
be due to the differences of tumor stage, histologic grade and the presence of ascites [22].

Ovarian CCC patients were more likely to have early-stage disease. A British Columbia
study reviewed 39.5% of 2555 cases registered in a population-based EOC database and found
that CCC accounted for 24.7% of cases of early-stage tumors (FIGO I+II) on a background of
only 9.5% of patients having histologically proven CCC [23]. Consistent with the higher early-
stage frequency, more tumors in the CCC group were surgically resectable, though with differ-
ent rates of optimal cytoreduction. Our study suggested that Chinese patients with ovarian
CCC were more likely to present with early-stage disease compared with SC (48.7% for CCC
and 16.3% for SC [P<0.001]). Optimal debulking was achieved in 61.4% of the ovarian CCC
patients, compared to 42.0% of the patients with SC (P<0.001). An even higher proportion of
SC patients had positive lymph node metastases (49.4% vs. 25.1% [P<0.001]). However, with
respect to adjuvant chemotherapy, the CCC patients were more resistant to platinum-based
regimens (platinum-sensitive disease in 45.6% of CCC cases vs. 61.0% of SC cases [P = 0.008]).
Resistance to chemotherapy might be an important impact factor for the survival in patients
with ovarian CCC.

Across all stages, patients with CCC had a better PFS outcome than patients with SC. How-
ever, no significant difference was found in OS between these two groups. Further subgroup
analysis demonstrated that patients with late-stage CCC had worse OS than patients with late-
stage SC (38.0 months vs. 52.0 months, respectively [P = 0.003]). Despite the great efforts made
to explore the relative survival rates of ovarian CCC patients compared SC patients, no clear
consensus has yet been reached to understand these differences. A large study based on the
SEER database consisting of 1411 cases of ovarian CCC found that stage I CCC had a similar
OS to SC (85.3% vs. 86.4%) [11]. This finding was also supported by a large European random-
ized trial on early-stage (FIGO I+II) patients with 5-year survival rates of 71% and 61% for
CCC and SC, respectively [12]. A conflicting result was reported in a British Columbia study,
which reported that the 10-year OS was 87% for 35 patients with stage Ia/Ib CCC compared
with 68% for patients with high-grade SC [13]. The results have also varied for different studies
on patients with advanced diseases. A Japanese cohort study including 178 cases of CCC and
311 cases of SC demonstrated that patients with stage IIIb/IIIc CCC had a significantly worse
prognosis than patients with SC [15]. Mackay and colleagues analyzed seven randomized trials
to conclude that the median OS for CCC and SC were 21.3 and 40.8 months, respectively [14].
That study also demonstrated that patients with CCC had shorter times to progression (HR
1.6, 95% CI 1.4–1.9) [14]. In the current study, CCC patients had similar OS compared to SC
patients regardless of stage. However, decreased survival of CCC patients was observed in
advanced disease (median OS 38.0 vs. 52.0 months [HR 1.584, 95% CI 1.167–2.150;
P = 0.003]). Regarding PFS, patients with ovarian CCC had an advantage across all stages.

When interpreting the data of this study, several potential points must be noted. First, the
cohort is limited by the selection and surveillance biases often associated with studies from sin-
gle academic institutions. A nationwide, collaborative study is needed to truly present the clini-
cal profile of Chinese patients with ovarian CCC. Second, the lack of data on post-recurrent
management is another major limitation of our study. Specific explanation and evaluation of
the treatment after relapse would make the comparison of survival outcomes more reliable.
Furthermore, the distinction between low-grade and high-grade ovarian SC [24], which are
regarded as distinct entities, was not taken into consideration in the present study to increase
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comparability with previous published works [8]. A more accurate and representative fre-
quency pattern would be available by further investigation.

Conclusion
Our study illustrated that ovarian CCC and SC accounted for 13.1% and 56.7% of all EOC
cases, respectively. Women with ovarian CCC usually presented at a younger age and earlier
stage. They had similar OS to SC patients on the whole, though patients with advanced CCC
had decreased survival. In terms of PFS, patients with ovarian CCC had an advantage across all
stages.
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