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H I G H L I G H T S

• Stage I OCCC prognosis differs depending on the substage.
• Substage and IL-6 expression could be the predictive biomarkers in stage I OCCC.
• Loss of ARID1A expression did not correlate with poor prognosis in stage I OCCC.
• IL-6 molecular stratification may optimize therapeutic strategies for stage I OCCC.
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Objective.Ovarian clear cell carcinoma (OCCC) frequently presents at an early stage. In stage I OCCC, the prog-
nosis differs according to substage. In particular, predictive biomarkers and new treatment strategies are needed
for stage IC2/IC3 disease. We investigated tumor biology and prognostic factors for stage I OCCC from a clinico-
pathological perspective, including the expression of ARID1A and IL-6,which are considered critical for OCCC car-
cinogenesis.

Methods.A retrospective cohort study of 192 patientswith stage I OCCC treated at a single institutionwas per-
formed. We calculated overall survival (OS) with respect to 12 clinicopathological parameters that included the
unique and diverse histological features of OCCC.

Results. The estimated5-yearOS rate inpatientswith all stage I OCCCwas88.9% during amedian of 91months
of follow-up. The multivariate analysis indicated that substage classification and IL-6 expression status were as-
sociatedwith poor OS (p=0.010 and p=0.027, respectively). Loss of ARID1A expression had no impact on sur-
vival; however, it was associated with substage (p = 0.001), capsule rupture status (p = 0.011), and ascites
cytology (p = 0.016). No clear association was found between ARID1A and IL-6 expressions. Histological find-
ings, including the presence of endometriosis, adenofibroma, architectural pattern, and tumor cell type, showed
no prognostic effects.

Conclusions. Both substage classification and IL-6 expression status may be independent prognostic factors in
stage I OCCC. Therefore, IL-6 molecular stratification may be crucial in optimizing therapeutic strategies for early
stage OCCC to improve survival.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Ovarian clear cell carcinoma (OCCC) has unique clinicopathological
and biological features [1,2]. The tumor is commonly associated with
endometriosis, paraneoplastic hypercalcemia, thromboembolism, and
higher incidence in Eastern Asian women. The histopathology of OCCC
includes a diverse range of architectural patterns and tumor cell types
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[3–5]. More than half of womenwith OCCC present at stage I, and the 5-
year survival rate is relatively good at approximately 90% [6–9]. In con-
trast, advanced-stage cases are resistant to conventional platinum-
based chemotherapy and can be complicated by thromboembolism,
thus resulting in worse prognoses than those for high-grade serous car-
cinoma [10,11]. Notably, prognosis in stage I OCCC differs depending on
substage [6,7,9,12,13]; patientswith stage IA and IC1 (surgical spill) dis-
ease have favorable outcomes, whereas a statistically poorer prognosis
has been shown in patients with stage IC2 (capsule rupture before sur-
gery or tumor on ovarian surface) and IC3 (malignant cells in the ascites
or peritoneal washings) disease. Therefore, substage stratification may
be crucial in optimizing the treatment paradigm for stage I OCCC pa-
tients. In addition, defining prognostic markers other than International
Federation of Gynecology and Obstetrics (FIGO) staging would likely
improve the survival of these patients.

Themolecular characteristics of OCCC known till date include genet-
ic mutations of AT-rich interactive domain 1A (ARID1A) and phos-
phatidylinositol-45-bisphosphate 3-kinase catalytic subunit α
(PIK3CA) and highly activated signals including phosphatidylinositol
3-kinase/AKT/mammalian target of rapamycin, hypoxia-inducible fac-
tor 1α/vascular endothelial growth factor, hepatocyte nuclear factor
1β, interleukin 6 (IL-6)/signal transducer and activator of transcription
3 (STAT3), andMET pathways [14].ARID1A encodes BAF250a, a key con-
figuration factor of the SWItch/sucrose non-fermenter chromatin re-
modeling complex, and is mutated in approximately half of OCCC
patients [15]. In addition, ARID1A mutation is considered an early
event in the development of OCCC from endometriosis [16]. Although
several earlier studies showed that the loss of ARID1A expression was
associated with unfavorable prognosis in OCCC [17,18], some studies
showed no association and consensus about the relationship between
ARID1A expression and patient outcome is lacking [19–22]. ARID1A
and PIK3CA mutations frequently coexist in OCCC [21], and although
tumor formation is not observedwith a singlemutation, OCCC develops
in ARID1A-PIK3CA co-mutated transgenic mice through sustained IL-6
overproduction, which suggests that both of these mutations may con-
tribute to initial OCCC carcinogenesis converging on pro-tumorigenic
cytokine signaling [23]. Moreover, elevated IL-6/IL-6R/STAT3 pathway
activity has been shown to enhance invasion capability and
chemoresistance on OCCC cells, and high IL-6R expression is significant-
ly associated with reduced progression-free survival and overall surviv-
al (OS) in OCCC [24,25]. Therefore, the IL-6/IL-6R/STAT3 signaling
pathway plays a key role in OCCC pathogenesis andmay be a promising
therapeutic target for OCCC.

In this study, we investigated the prognostic factors for stage I OCCC
from a clinicopathological perspective, including ARID1A expression, IL-
6 expression, and various histological features, to identify predictive
biomarkers to improve understanding of OCCC molecular carcinogene-
sis, which would, in turn, further develop individualized treatment
strategies for stage I OCCC.

2. Materials and methods

2.1. Patients and clinical samples

This is a retrospective cohort study of 192 patients with stage I OCCC
who were treated with primary surgery between 2000 and 2012 at the
Department of Obstetrics andGynecology, The Jikei University School of
Medicine. The Ethics Review Committee approved this study protocol
[28-212 (8455)], and informed consentwas obtained from each patient.
All available hematoxylin and eosin-stained slides of the ovarian cancer
were reviewed by two gynecological pathologists (TK and MI) to con-
firm the histological tumor type based on the World Health Organiza-
tion classification (2014) and the presence of endometriosis and/or
adenofibroma associatedwith carcinoma. The predominant histological
features such as architectural patterns and tumor cell types were also
evaluated. Tumors were staged in accordance with the FIGO system

(2014). OCCC in all patients was classified as FIGO stage I, and the sub-
stages were defined as follows: IA (capsule intact, no tumor on ovarian
surface, negativewashings), IC1 (surgical spill), IC2 (capsule rupture be-
fore surgery or tumor on ovarian surface), or IC3 (malignant cells in the
ascites or peritoneal washings).

We also retrospectively investigated 12 clinicopathological parame-
ters: age at diagnosis, substage, capsule rupture status, ascites or perito-
neal washings cytology, surgical method, chemotherapy
administration, immunohistochemistry for ARID1A and IL-6, the pres-
ence of endometriosis and/or adenofibroma, architectural pattern,
tumor cell type, and patient OS. Optimal surgery for OCCC includes
total abdominal hysterectomy, bilateral salpingo-oophorectomy, subto-
tal omentectomy, and pelvic and para-aortic lymphadenectomy, and
suboptimal surgery provides less than optimal staging except as a fertil-
ity-sparing surgery.

2.2. Immunohistochemistry

To examine ARID1A and IL-6 expression in tumor tissues, we con-
ducted immunohistochemistry using polyclonal antibodies against
ARID1A (NBP1-88932; Novus Biologicals) at a dilution of 1:200 and IL-
6 (21865-1-AP; Proteintech) at a dilution of 1:400. A BenchMark XT
autostainer (Ventana Medical Systems, Tucson, AZ, USA) was used for
immunostaining. According to the current immunohistochemistry stan-
dard protocol, formalin-fixed, paraffin-embedded tissue sections (4 μm
thick) were deparaffinized, and antigen retrieval was performed by in-
cubating the sections in CC1 standard solutions (Cell Conditioning 1; cit-
rate buffer pH 8.5, Ventana Medical Systems) at 100 °C for 60 min.

Immunostaining slides were evaluated in a blinded manner by two
independent gynecological pathologists without any clinical informa-
tion. Standardization of scoring was achieved by comparison of scores
between the observers, and discrepancies were resolved by consensus
obtained by reevaluating the slides using a multi-head microscope. A
complete lack of nuclear immunoreactivity in the tumors was consid-
ered a loss of ARID1A expression, and definite nuclear stainingwas con-
sidered retained expression [16]. Immunoreactivity for IL-6 in the
cytoplasm of tumors was categorized as none/focal (0%–50%) or diffuse
(60%–100%).

2.3. Statistical analysis

Hazard ratios in univariate and multivariate analyses were calculat-
ed with 95% confidence intervals using a Cox proportional hazard
model. Patient survival curves were estimated with the Kaplan–Meier
method, and the resulting curves were compared using the log-rank
test. The associations between immunoreactivity for ARID1A/IL-6 and
clinicopathological parameters were analyzed using the chi-square
test. The SAS software program (version 9.4; SAS Institute Inc., Cary,
NC, USA) was used to analyze the data. A p value of b0.05 was consid-
ered statistically significant.

3. Results

3.1. Clinicopathological characteristics in stage I OCCC

The clinicopathological characteristics of the stage I OCCC patients
are summarized in Table 1. Themedian follow-upperiodwas 91months
(range, 6–170 months). Patient age ranged between 27 and 84 years
(median: 54 years). Patient substages were as follows: IA, 46; IC1, 89;
IC2, 10; and IC3, 47. Of 192 OCCC patients, 94 patients were optimally
staged and underwent systematic pelvic and para-aortic lymphadenec-
tomy, whereas 88 and 10 patients underwent suboptimal and fertility-
sparing surgery, respectively. One hundred and fifty-four patients re-
ceived more than 3 cycles of platinum-based adjuvant chemotherapy.
One hundred and twenty-six patients (65.6%) were associated with en-
dometriosis alone, 8 (4.2%) with adenofibroma alone, 16 (8.3%) with
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