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Abstract

Purpose—We examined disparities in prognosis between patients with ovarian clear cell 

carcinoma (OCCC) and serous epithelial ovarian cancer (SOC).

Methods—We reviewed data from FIGO stage I–IV epithelial ovarian cancer patients who 

participated in 12 prospective randomized GOG protocols. Proportional hazards models were used 

to compare progression-free survival (PFS) and overall survival (OS) by cell type (clear cell versus 

serous).

Results—There were 10,803 patients enrolled, 9,531 were eligible, evaluable and treated with 

platinum, of whom 544 (6%) had OCCC, 7,054 (74%) had SOC, and 1,933 (20%) had other 

histologies and are not included further. In early stage (I–II) patients, PFS was significantly better 

in OCCC than in SOC patients. For late stage (III, IV) patients, OCCC had worse PFS and OS 

compared to SOC, OS HR= 1.66 (1.43, 1.91; p<0.001. After adjusting for age and stratifying by 

protocol and treatment arm, stage, performance status, and race, OCCC had a significantly 

decreased OS, HR= 1.53 (1.33, 1.76; p<0.001). In early stage cases, there was a significantly 

decreased treatment effect on PFS for consolidative therapy with weekly Paclitaxel versus 

observation in OCCC compared to SOC (p=0.048).

Conclusions—This is one of the largest analyses to date of OCCC treated on multiple 

cooperative group trials. OCCC histology is more common than SOC in early stage disease. When 

adjusted for prognostic factors, in early stage patients, PFS was better for OCCC than for SOC; 

however, in late-stage patients, OCCC was significantly associated with decreased OS. Finally, 

treatment effect was influenced by histology.
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INTRODUCTION

Ovarian tumors are classified into three categories based on progenitor cell type: surface-

epithelial, sex cord-stromal and germ cell neoplasms.1 Of these, epithelial ovarian cancers 

(EOCs which may, in fact, often originate from the fallopian tube) comprise the majority of 

cases, and these are usually diagnosed at an advanced stage with an associated poor 

prognosis. Serous epithelial ovarian carcinoma (SOC) is the most commonly observed 

subtype of EOC both in the United States2 and worldwide.3,4 In the United States, ovarian 

clear cell carcinoma (OCCC) accounts for approximately 4–9.5%2 of ovarian tumors, 

whereas in Japan, the rate is upwards of 15–25%.3,5 Meanwhile, Asians, as defined in the 

SEER registry, in the United States account for a disproportionate share of OCCC cases with 

a percentage of SOC rate of 11.1% when compared with whites (4.8%).6

Controversy exists in the literature regarding the prognostic effect of the clear cell histology, 

although it has been generally accepted as unfavorable when compared with SOC. In long-

term follow-up of two early Gynecologic Oncology Group (GOG) studies, multivariate 

analysis revealed histology other than clear cell or mucinous to be a statistically significant 

favorable characteristic for overall survival (OS) in advanced stage disease.7 Several other 

retrospective studies have highlighted the relatively poor prognosis conferred by clear cell 

histology, when compared to other histologic subtypes of epithelial ovarian cancer 

(EOC).8–10 However, these observations have been refuted by some retrospective 

studies11,12.

We sought to clarify the suggested differences in prognosis between OCCC and SOC by 

leveraging the robust data obtained during the course of twelve prospective cooperative 

group studies. The objectives of this analysis were to confirm whether disparity exists with 

regard to outcome between ovarian cancer patients with OCCC and SOC in prospectively 

enrolled clinical trials, to identify factors associated with survival, and to identify factors 

related to response to chemotherapy. Factors considered included age, stage, performance 

status, clear cell versus serous histology, and race.

METHODS

We reviewed data from International Federation of Gynecology and Obstetrics (FIGO) stage 

I–IV EOC patients who participated in twelve prospective, randomized GOG chemotherapy 

protocols (GOG protocol 95, 157 (both early stage), 111, 114, 132, 152, 158, 162, 172, 175, 

182, 218 (all late stage) Table 1) conducted between 1992 and 2009, all of which were IRB 

approved. All patients included in these protocols were diagnosed with primary, 

histologically-confirmed by central pathology review, epithelial ovarian, tubal or primary 

peritoneal cancer. All borderline and low malignant potential tumors were excluded. All 

patients signed institutionally IRB-approved informed consent. All patients included in this 

analysis received platinum based chemotherapy per specific protocol. Table 1 lists the 

treatment arms for each of the protocols under evaluation.

Pearson chi-square tests were used to test the hypothesis of independence between histology 

(clear cell versus serous) and baseline characteristics (age, race, performance status, stage, 
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and optimal (< 1cm residual disease)/suboptimal debulking (>1cm residual disease)). A 

proportional hazards regression model adjusted for age and stratified by protocol and 

treatment arm, stage, performance status, and race was used to compare the hazard of 

progression free survival (PFS) by histology (clear cell vs serous); the same model was used 

for overall survival. Patients with missing strata variables were excluded from the model; 

numbers excluded are noted for the specific analyses (see below). Results of significance test 

were considered statistically significant if p <0.05 (two-sided). Tests of the proportional 

hazards assumption were done using interactions of histology (clear cell, serous) and 

log(time). If non-proportional hazards were found, the method of fractional polynomials was 

used to fit an appropriate function of time.13 For stage III, the function for PFS was time−0.5 

and for OS was time−0.5+log(time); and for stage IV, log(time) was used for both PFS and 

OS.

RESULTS

The flowchart of patient exclusions is presented in Figure 1. There were 10,803 patients 

enrolled in the twelve GOG trials. Table 1 provides the treatment arms of each protocol and 

the number of patients of each histologic subtype prior to exclusions. Of the 10,803 total 

patients considered, 858 were not eligible or evaluable and 103 were not randomized, 

leaving 9,842 patients. An additional 311 patients were excluded for absence of platinum in 

their adjuvant therapy: 98 in GOG 0095 who received intraperitoneal (IP) P32 and 213 in 

GOG 0132 who received single-agent paclitaxel. The remaining 9,531 patients were 

randomized to platinum-containing regimens, of which 544 (6%) had OCCC, 7,054 (74%) 

had SOC, and 1,933 (20%) had other tumor types [data not shown]. Central pathology 

review was performed on all patients included at the time of original protocol participation, 

and only the OCCC and SOC patients were considered in this analysis, for a total of 7,598 

patients. While the prevalence of clear cell tumors was higher in the Japanese patients (30% 

[21/71]) than in US patients (6% [515/9216]), the number of Japanese clear cell patients was 

so small that comparison of US and Japanese OCCC was not feasible [data not shown].

Statistically significant relationships between histology and baseline characteristics were 

seen for age, race, performance status, stage, optimal/suboptimal debulking, and grade 

(Table 2). Clear cell patients were significantly younger than serous patients and were more 

commonly of Asian race. Patients with OCCC more often presented with early stage disease, 

had better performance status, and more often had optimal cytoreduction when compared to 

the patients with SOC. Of note, debulking status was assessed only in the 61% (2,961/7,598) 

of patients who presented with advanced stage (III–IV) disease. Thus, debulking status was 

more frequently assessed in patients with SOC than in patients with OCCC. All of these 

factors (except race) point to a potentially better prognosis for clear cell patients than for 

serous patients.

Prior to any adjustment, clear cell patients had better PFS and OS (Table 3); however, this 

was due to the preponderance of favorable prognostic factors (stage, age, and performance 

status) in this cohort. After adjusting for age and stratifying by protocol and treatment arm, 

stage, performance status, and race, the hazard ratio for PFS was 1.37 (95% CI: 1.20, 1.56; p 

<0.001) for OCCC versus SOC patients. After adjusting for age and stratified by protocol 
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and treatment arm, stage, performance status, and race, the hazard ratio for overall survival 

was 1.58 (95% CI: 1.38, 1.82; p <0.001) for OCCC versus SOC patients. Because grade 1 

serous tumors are thought to have different clinical pathology and genetic makeup, we did 

analyses (across all stages) excluding grade 1 tumors; results were nearly identical to the 

main results.

There was a statistically significant (p<0.001) interaction between stage and histology for 

both PFS and OS indicating differing effects of histology across stage (Table 3). In stage I–II 

patients, PFS was significantly better in OCCC than in SOC, while OS was numerically but 

not statistically significantly better (Table 3 and Figure 2), tests of nonproportional hazards 

were not significant for the stage I and II patients. In stage III and IV patients, OCCC 

patients were at statistically significantly increased risk of progressing or dying (Table 2 and 

Figures 3 and 4). However, for both stages, tests of nonproportional hazards were 

statistically significant (p≤0.001). For stage III patients, the PFS hazard and OS hazard are 

dramatically higher for OCCC patients than for SOC patients but this effect lessens and even 

reverses itself after 2–3 years (Figure 3). In stage IV patients, a similar pattern exists; 

however, it is not as dramatic as for stage III, and for OS, does not actually reverse directions 

(Figure 4).

In two protocols (0157 and 0175), there were sufficient numbers of both clear cell and 

serous patients in order to examine the treatment effect by cell type. GOG 0157 was a 

randomized phase III trial comparing three cycles of every three weeks carboplatin (AUC 

7.5) and paclitaxel (175mg/m2) on day 1 to six courses of the same regimen in stage I and II 

ovarian carcinomas. GOG 0175 was a randomized phase III trial of carboplatin (AUC 6) and 

paclitaxel (175mg/m2) every three weeks for 3 cycles followed by weekly paclitaxel 

(40mg/m2/week) versus observation in patients with early stage ovarian carcinoma. A 

proportional hazards model adjusted for age, and stratified by performance status, race, and 

stage comparing 6 cycles of adjuvant q21 day carboplatin/paclitaxel to 3 cycles of the same 

for GOG 0157 revealed statistically significantly (p=0.048) greater treatment effect on PFS 

for early stage SOC (HR: 0.42, 95% CI: 0.18, 0.99) when compared with the effect for early 

stage OCCC (HR: 1.32, 95% CI: 0.62, 2.82) (Table 4). Results for OS in 0157 and for PFS 

and OS in 0175 were similar to those for PFS in 0157 although the interaction was not 

statistically significant.

DISCUSSION

This study represents one of the largest analyses in the literature in which patients with 

OCCC were treated in a uniform manner under cooperative group studies. Early stage 

OCCC has been generally regarded as grade 3 tumor, however, OCCC often has been shown 

to display a comparatively chemoresistant phenotype,5,8,14,15 and the actual effect of 

adjuvant chemotherapy remains unclear. Clear cell histology has been found to be a 

significant predictor for impaired chemotherapy response in both univariate and multivariate 

analysis.12 Takano et al.14 performed a retrospective evaluation of 219 patients with stage I 

OCCC. Multivariate analysis revealed that adjuvant chemotherapy was not a prognostic 

factor (p = 0.80) for survival.14 In another retrospective chart review of 158 patients with 

advanced and recurrent OCCC, the investigators reported a 73% failure rate with adjuvant 
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and palliative chemotherapies, including platinum-based regimens.15 In the current study, 

for early stage SOC, the positive effect on PFS of cytotoxic chemotherapy treatment was 

statistically significantly greater than in early stage OCCC. These results confirm previous 

findings that OCCC appears to be chemoresistant as previously believed and this resistance 

is not limited to taxanes and platinum medications14. Another interpretation of the data 

would say that early stage clear cell is more likely to be controlled with surgery alone and 

not as likely to have occult metastasis as HGSOC. It also could suggest that early stage 

OCCC and advanced stage OCCC may have different origins. We realize that including all 

grades of serous carcinoma could affect analysis given different clinical behavior of low 

grade serous carcinomas. An analysis omitting grade 1 tumors did not change results.

Recently elucidated molecular and genetic mechanisms distinguishing OCCC from SOC are 

likely, at least in part, to be responsible for our findings. Yamaguchi et al.16 highlighted 

derangements in oxidative stress, hypoxia, mitogen-activated protein kinase activity, and 

cytokine-related pathways for OCCC. Stany et al.17 reported whole genomic expression 

profiling of laser capture micro dissected OCCC specimens, also identifying activation in 

hypoxic cell growth, angiogenesis, and glucose metabolism pathways involving HIF-1α and 

enolase. ARID1A has been found to be mutated in over 50% of ovarian clear cell 

carcinomas (OCCCs)18. Somatic mutations of PIK3CA (phosphoinositide-3-kinase) have 

recently been shown playing an important role in the pathogenesis of ovarian clear cell 

carcinoma19. factor is also a promising therapeutic target for the treatment of clear cell 

carcinoma of the ovary20. The overexpression of certain types of genes in the clear cell 

histotype can also provide insights into its disproportionately poor prognosis relative to other 

subtypes of ovarian cancer. Two genes are also implicated in impaired chemotherapy 

response: overexpression of ANXA4 has been associated with resistance to both paclitaxel21 

and to platinum-based chemotherapy,22 whereas upregulated UGT1A1 increases clearance 

of the active metabolite of irinotecan.23 TFPI2, with its inhibitory effects on the invasion and 

growth activity of the tumor cells, may serve to maintain OCCC tumors in earlier stages than 

their SOC counterparts.24 Increased apoptotic signaling (MAP3K5/ASK1 and GLRX), 

inhibited cellular proliferation (TFPI2), increased resistance to chemotherapy (ANXA4 and 

UGT1A1), and insensitivity to hypoxic stress (HIF-1α and HNF-1β) combine to produce 

early stage, large, indolent, chemotherapy-resistant tumors that may well arise within 

endometriotic lesions. This disparate hypothesis regarding the origin of OCCC either 

ovarian or endometriotic could have affected analysis. The histological and genetic 

alterations in endometriosis seem to explain why endometriosis can be a precursor of some 

ovarian cancers, especially clear cell and endometrioid carcinomas25. This study is subject to 

weaknesses inherent in retrospective analyses. The patients were not allocated at random to 

treatments that differed only by total treatment time. As a result you cannot exclude the 

existence of factors that may have confounded this analysis. The major strength of this work 

is the high quality of the data, collected prospectively in multi-institutional cooperative 

group trials in a large number of patients. In fact, this the largest analysis ever conducted on 

clear cell ovarian cancer patients.Given the relatively rarity of OCCC, compiling data from 

prospectively accrued patients in cooperative group trials is imperative in order to better 

investigate variations in the molecular and genetic underpinnings of the clear cell histologic 

subtype which confer the survival disadvantages described here. As further investigations 
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better elucidate the molecular and genetic foundations of ovarian carcinogenesis, treatment 

paradigms can be refined to better address and leverage the differences between various 

ovarian histologic subtypes. Once such a paradigm is in place, rational drug design can be 

devoted to the formulation of more diverse and focused targeted therapies. Thus, ovarian 

cancers can begin to be treated as the heterogeneous group of tumors they represent, an 

achievement which is paramount to the advancement of truly personalized medicine.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• In early stage patients, PFS was better for OCCC than for SOC.

• In late-stage patients, OCCC was significantly associated with decreased OS.

• Treatment effect was influenced by histology.
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Figure 1. 
Flowchart of Patient Exclusions
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Figure 2. 
PFS and OS in Patients with Stage I–II Tumors
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Figure 3. 
PFS and OS for Time-varying Hazards Ratios in Patients with Stage III Tumors
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Figure 4. 
PFS and OS for Time-varying Hazards Ratios in Patients with Stage IV Tumors
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Table 2

Baseline Characteristics by Cell Type – All Clear Cell and Serous Patients on Platinum-Containing Regimens 

Treated (N=7,598)

Histology

N Clear Cell n (%)† Serous n (%)† p-value

Total 7598 544 (7%) 7054 (93%)

Age (y)

<30 58 2 (0%) 56 (1%) <.001

30–39 282 35 (6%) 247 (4%)

40–49 1374 140 (26%) 1234 (17%)

50–59 2347 196 (36%) 2151 (30%)

60–69 2280 121 (22%) 2159 (31%)

>=70 1257 50 (9%) 1207 (17%)

Race

Asian 240 43 (8%) 197 (3%) <.001

Black 351 7 (1%) 344 (5%)

Other 202 16 (3%) 186 (3%)

White 6805 478 (88%) 6327 (90%)

Stage

[missing] 7 0 7

I 355 226 (42%) 129 (2%) <.001

II 143 43 (8%) 100 (1%)

III 5808 230 (42%) 5578 (79%)

IV 1285 45 (8%) 1240 (18%)

Performance Status

[missing] 62 2 60

0 3442 290 (54%) 3152 (45%) <.001

1 3497 229 (42%) 3268 (47%)

2 593 22 (4%) 571 (8%)

3 4 1 (0%) 3 (0%)

Debulking§

[missing] 2961 355 2606

Optimal 3413 151 (80%) 3262 (73%) 0.045

Suboptim al 1224 38 (20%) 1186 (27%)

Grade

[missing] 329 296 33

1 511 5 (2%) 506 (7%) <.001

2 2394 30 (12%) 2364 (34%)

3 4364 213 (86%) 4151 (59%)
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†
Percentages are column percentages except for the total row, which are row percentages.

‡
p-value is from Pearson chi-square test and excludes missing values.

§
Debulking was assessed in advanced stage (III–IV) patients not early stage (I–II) patients and thus in only protocols 0111, 0132, 0158, 0172, and 

0182.
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