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Survival in Women With Grade 1 Serous Ovarian Carcinoma
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and the University of Texas, MD Anderson Cancer Center, Houston, Texas

Abstract

OBJECTIVE—To examine clinicopathologic variables associated with survival among women 

with low-grade (grade 1) serous ovarian carcinoma enrolled in a phase III study.

METHODS—This was an ancillary data analysis of Gynecologic Oncology Group protocol 182, 

a phase III study of women with stage III–IV epithelial ovarian carcinoma treated with carboplatin 

and paclitaxel compared with triplet or sequential doublet regimens. Women with grade 1 serous 

carcinoma (a surrogate for low-grade serous disease) were included in the analysis.

RESULTS—Among the 3,686 enrolled participants, 189 had grade 1 disease. The median age 

was 56.5 years and 87.3% had stage III disease. The median follow-up time was 47.1 months. 

Stratification according to residual disease after primary surgery was microscopic residual in 

24.9%, 0.1–1.0 cm of residual in 51.3%, and more than 1.0 cm of residual in 23.8%. On 

multivariate analysis, only residual disease status (P=.006) was significantly associated with 

survival. Patients with microscopic residual had a significantly longer median progression-free 

(33.2 months) and overall survival (96.9 months) compared with those with residual 0.1–1.0 cm 

(14.7 months and 44.5 months, respectively) and more than 1.0 cm of residual disease (14.1 

months and 42.0 months, respectively; progression-free and overall survival, P<.001). After 

adjustment for other variables, patients with low-grade serous carcinoma with measurable residual 

disease had a similar adjusted hazard ratio for death (2.12; P=.002) as their high-grade serous 

carcinoma counterparts with measurable disease (2.31; P<.001).

CONCLUSIONS—Surgical cytoreduction to microscopic residual was associated with improved 

progression-free and overall survival in women with advanced-stage low-grade serous ovarian 

carcinoma.
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CLINICAL TRIAL REGISTRATION—ClinicalTrials.gov, www.clinicaltrials.gov, 

NCT00011986.

Ovarian carcinoma is the leading cause of death from gynecologic cancers in the United 

States.1 Several studies demonstrate that histologic grade is one of the most important 

prognostic factors in epithelial ovarian cancer; however, no universal grading schema exists 

for ovarian serous carcinoma, the most common subtype. Recently, a two-tiered system 

(low-grade compared with high-grade) was proposed by Malpica et al2 and has received 

increasing acceptance. This system is primarily based on assessment of nuclear atypia and 

mitotic rate. A growing body of research demonstrates several important differences in the 

molecular and clinical characteristics of low-grade compared with high-grade serous 

carcinoma, but similarities between low-grade and serous tumors of low malignant 

potential.3–18 There is good correlation between the two-tiered system and the established 

International Federation of Gynecology and Obstetrics and Shimizu-Silverberg systems.3,4

Low-grade serous carcinoma represents approximately 10% of all serous ovarian 

carcinomas. Retrospective studies propose that low-grade serous ovarian tumors are 

diagnosed in women at a younger age and they experience a longer overall survival than 

those with high-grade disease. Despite these data, several reports suggest that women with 

low-grade disease exhibit poor response rates to conventional chemotherapy17–19 and remain 

at high risk for recurrence and cancer-related death, especially in the setting of advanced-

stage disease.

We performed an ancillary analysis of Gynecologic Oncology Group (GOG) protocol 182,20 

a cooperative group randomized trial, to determine the clinicopathologic variables associated 

with recurrence and survival among women with low-grade (grade 1) serous ovarian 

carcinoma enrolled in this study and, secondarily, to compare the outcomes of those with 

low-grade and high-grade disease.

MATERIALS AND METHODS

This was an ancillary data analysis of GOG-182, a multicenter phase III study of stage III–

IV primary epithelial ovarian carcinoma patients with optimal (maximal diameter of residual 

disease less than 1.0 cm) and suboptimal (more than 1.0 cm) residual disease treated with 

carboplatin and paclitaxel alone or in combination with triplet or sequential doublet 

regimens.20 Institutional Review Board approval at all participating GOG-182 study sites 

was previously obtained. The sample was limited to all eligible patients from that clinical 

trial, from which we examined patients with grade 1 (n=189) and higher-grade (n=1,763) 

serous ovarian carcinoma. All women received the backbone of intravenous carboplatin and 

paclitaxel with the addition of pegylated liposomal doxorubicin, topotecan, or gemcitabine. 

For the current analysis, women with grade 1 serous carcinoma (used as a surrogate for low-

grade serous carcinoma) diagnosed were the primary focus. However, those with grade 2 or 

3 serous tumors also were studied in select comparative demographic and survival analyses. 

Central pathology review of all tumors studied in the current analysis had been performed by 

the GOG Pathology Committee (of note, this committee reviewed the pathology of all study 

participants enrolled from the United States, which represented approximately 85% of all 
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women). Demographic, clinical, and surgical factors were evaluated for their effect on 

progression-free survival and overall survival outcomes.

Although the standard definition of optimal cytoreduction is considered as residual disease 

no larger than 1 cm in diameter after primary surgery, recent studies have focused on the 

survival benefit associated with “no gross” or microscopic residual disease achieved from 

maximal surgical resection.21 These studies demonstrate that in women with high-grade 

epithelial ovarian carcinoma and microscopic residual disease after primary cytoreduction, 

significantly longer median overall survival is observed than in those with any residual 

disease remaining, advocating for more a more contemporary definition of residual disease 

status, ie, more quantitative. Therefore, in the current study, residual disease status after 

primary cytoreductive surgery was defined as microscopic residual (no gross residual 

disease), 0.1–1.0 cm maximal diameter of residual disease, or more than 1.0 cm maximal 

diameter of residual disease. Progression-free and overall survival functions were estimated 

using the Kaplan–Meier procedure.22 The log-rank test was used to make comparisons based 

on tumor grade. A Cox proportional hazards model was used to confirm the independent 

prognostic value of various clinical variables.22,23 Covariates were included for adjustment 

based on the prognostic variables identified by previous GOG studies. All variables 

considered as prognostic factors were included in a Cox proportional hazards regression 

model. Because of small counts in some of its categories, race was collapsed into the 

categories “white” (n=172), “black” (n=9), and “other” (n=8).

The Wilcoxon rank-sum test,23 Kruskal–Wallis test, and Pearson χ2 test were used to assess 

associations between stratifying variables and patient clinico-demographic characteristics. 

All statistical tests were two-tailed, with the significance level set at α=0.05. Statistical 

analyses were performed using the R programming language and environment.24

RESULTS

Among the 3,686 eligible women enrolled in GOG-182, 189 had grade 1 serous carcinoma 

of the ovary. The demographic and prognostic characteristics of the low-grade cohort are 

described in Table 1. The mean study participant age was 56.6 years, and the majority of 

participants were white. Forty-nine percent had a normal, asymptomatic performance status. 

Most women (87%) had stage III disease. Sixty-three percent presented with ascites and had 

a median pretreatment CA 125 level of 119 units/mL. With regard to tumor residual after 

cytoreductive surgery, 24.9% were left with microscopic residual, 51.3% had residual 

disease measuring 0.1–1.0 cm, and 23.8% were left with more than 1.0 cm residual disease. 

When compared with the high-grade serous carcinoma cohort, those with grade 1 disease 

were younger (P<.001), had higher body mass indexes (calculated as weight (kg)/[height 

(m)]2, P=.007), had lower CA 125 levels (P<.001), and were less likely to have ascites (P<.

001; Table 1). However, residual disease status after primary surgery was not different 

between the grade 1 and the higher-grade serous cohorts, with more than 75% undergoing 

cytoreduction to 0–1.0 cm diameter of gross residual disease and no more than 25% 

undergoing cytoreduction to microscopic residual in both groups.
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Eighty-six percent of those with grade 1 serous carcinoma had nonmeasurable disease on 

imaging at completion of primary therapy, and this was not significantly different for those 

with high-grade disease (83.1%; P=.273). After a median follow-up time of 47.1 months 

(interquartile range 27.4–92.0 months), 86.8% of women with low-grade disease 

experienced a recurrence; 66.7% died of disease. There was no difference in survival of the 

patients with grade 1 serous carcinoma when triplet or sequential doublet therapy was added 

to platinum and taxane therapy, consistent with the previously published results for the 

overall GOG-182 study population. The demographic and prognostic factors of the patients 

with grade 1 serous carcinoma were well-balanced among the five chemotherapy treatment 

arms and cytoreductive surgery cohorts. Univariate analysis, which included age, race, GOG 

performance status, International Federation of Gynecology and Obstetrics stage, residual 

disease status, presence of ascites, and treatment arm, demonstrated that residual disease 

(P<.001) and ascites (P=.032) were associated with poor progression-free survival. Further, 

residual disease (P<.001) was significantly associated with overall survival.

Table 2 demonstrates recurrence rates by residual disease status for the grade 1 serous 

cohort. In those with measurable residual disease after primary cytoreductive surgery, 90.8% 

experienced disease recurrence compared with 74.5% in those with no measurable disease 

(P=.004). All variables considered as prognostic factors based on univariate analysis were 

included in a Cox proportional hazards regression model (Table 3). When normal, 

asymptomatic patients with grade 1 serous carcinoma were used as the referent, the adjusted 

hazard ratio (HR) for death in patients with symptomatic ambulatory performance status was 

1.47 (95% confidence interval [CI] 1.00–2.17; P=.048). The overall test for residual disease, 

however, was strongly significant in both the progression-free survival (P<.001) and overall 

survival models (P=.006). When patients with microscopic residual disease were used as the 

referent, the adjusted HR for progression in those with 0.1–1 cm of residual disease was 

3.13 (95% CI 1.96–4.98; P<.001); the adjusted HR for progression in those with more than 1 

cm of residual disease was 3.31 (95% CI 1.87–5.85; P<.001). Likewise, the adjusted HR for 

death in patients with 0.1–1 cm of disease was 2.31 (95% CI 1.37–3.90; P=.002), and the 

adjusted HR for death in those with more than 1.0 cm of residual disease was 2.45 (95% CI 

1.30–4.64; P=.006).

Kaplan–Meier survival curves for the study participants with grade 1 serous carcinoma are 

shown in Figure 1A and B. The median progression-free survival was 16.72 months (95% CI 

14.82–20.11), and the median overall survival was 48.33 months (95% CI 45.70–66.50). 

When stratified by extent of residual disease, women who underwent cytoreductive surgery 

of microscopic residual had a significantly improved median progression-free survival (33.2 

months) compared with those with residual 0.1–1.0 cm (14.65 months) or women left with 

more than 1.0 cm of disease (14.1 months; P<.001). Similarly, the cohort who underwent 

cytoreductive surgery that achieved microscopic residual experienced a significantly longer 

median overall survival at 96.9 months compared with 45 months for those with 0.1–1.0 cm 

of residual disease and 42 months for those with more than 1.0 cm of residual disease (P<.

001; Fig. 2).

Survival of the grade 1 cohort was then compared with that of the higher-grade serous 

carcinoma study cohort. Table 4 demonstrates that when stratified by extent of residual 
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disease, those with grade 1 and no gross residual disease after surgery experienced the 

longest median progression-free survival at 33.2 months, followed by those with high-grade 

disease and no gross residual disease with a median progression-free survival of 26.8 

months. In contrast, those with grade 1 and higher-grade serous carcinoma with any residual 

measurable disease after surgery experienced almost identical and shorter progression-free 

survival outcomes (14.11 months and 14.39 months, respectively; P<.001). Similarly, those 

with grade 1 and no gross residual disease after surgery experienced the longest median 

overall survival at 96.89 months, followed by those with high-grade disease and no gross 

residual disease with a median overall survival of 77.07 months, whereas those with low-

grade and high-grade serous carcinoma with any residual measurable disease after surgery 

experienced much shorter median overall survival rates (42.02 months and 37.68 months, 

respectively; P<.001). Kaplan–Meier survival curves for those with low-grade and high-

grade serous carcinoma are shown in Figure 2A and B. Finally, after controlling for other 

variables, when comparing the risks of progression and death for women with low-grade 

compared with high-grade serous carcinoma, those with low-grade tumors and measurable 

residual disease after primary cytoreductive surgery had adjusted HRs for disease 

progression (HR 2.28, P<.001) and death (HR 2.12, P=.002) similar to their high-grade 

counterparts with measurable disease.

DISCUSSION

Approximately 75% of women with newly diagnosed invasive epithelial ovarian cancer 

present with stage III or IV disease. Studies demonstrate that survival rates improve 

accordingly when the primary cytoreductive surgical paradigm is aggressive and 

incorporates radical techniques aimed at achieving microscopic residual disease.25 For 

purposes of uniformity, the GOG has defined optimal cytoreduction as residual implants 

smaller than 1 cm in diameter, although increasing evidence suggests that those women who 

undergo a primary cytoreductive procedure for microscopic or “no gross” residual 

experience the best survival outcomes.25 Despite this, it remains controversial whether the 

better outcome is attributable to the technical proficiency of the surgeon or the intrinsic 

biology of the cancer that may allow for easier removal of the tumors. Notably, in the current 

ancillary analysis of GOG-182, although the women in the low-grade serous ovarian 

carcinoma cohort were younger at diagnosis, had a lower initial serum CA 125, and had a 

lower likelihood of tumors that produced ascites than the high-grade serous cohort (P<.001 

for all), the frequency of achieving no gross residual disease at primary cytoreductive 

surgery was essentially similar between the low-grade and high-grade groups (~25%). This 

speaks to factors other than tumor grade and biology that may contribute to the ability to 

achieve optimal resection.

Although there is considerable data from phase III epithelial ovarian carcinoma trials 

regarding the optimal treatment of those with high-grade serous carcinoma,20 less is known 

about the best treatment strategies for those with grade 1 (low-grade serous) disease. In the 

current clinicopathologic analysis of GOG-182, only residual disease status after primary 

surgery was significantly associated with survival. When stratified by extent of residual 

tumor, patients with microscopic residual had a significantly longer median overall survival 

compared with those with any disease residual. Further, the HRs for progression and death 
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for patients with residual of 0.1–1.0 cm and residual disease more than 1.0 cm were virtually 

identical, suggesting that patients with any residual disease did not have a durable 

recurrence-free interval or a robust response to adjuvant chemotherapy.

In fact, the Kaplan-Meier survival curves for the low-grade (grade 1) serous cohort in the 

current study illustrated a much stronger effect of residual disease than observed with the 

larger previously published GOG-182 study cohort.20 In other words, the survival 

differences in those who underwent surgery for no gross residual compared with those who 

were left with macroscopic disease were more striking in the low-grade cohort than in the 

high-grade serous cohort (Fig. 2A and B). Although it is known that high-grade serous 

ovarian carcinoma is moderately sensitive to platinum-based and taxane-based 

chemotherapy,20 the same does not appear to be true of low-grade serous carcinoma, which 

has a relatively low mitotic index and is considerably more chemoresistant. Consequently, it 

could be hypothesized that chemotherapy is relatively inactive in low-grade serous 

carcinoma; therefore, the potential benefit associated with maximal cytoreductive surgery 

may be more pronounced in this cohort than in those with high-grade disease. Our data 

suggest that it is of critical importance to consider an aggressive primary surgical 

cytoreductive effort in women with primary ovarian carcinoma, irrespective of disease grade.

There is clear biologic and pathologic evidence indicating that low-grade compared with 

high-grade serous tumors develop through different pathways.24,26–29 Whereas the high-

grade tumors exhibit a prevalence of p53 mutations and grow rapidly, the low-grade tumors 

are notable for mutations in the RAS-RAF-MAPK pathways and for their indolent course. 

These clinicopathologic factors may account for the fact that conventional cytotoxic 

chemotherapy agents, including the platinum and taxane drugs, have not exhibited 

exceptional activity against low-grade serous carcinoma tumors.19,28 The preponderance of 

RAS-RAF-MAPK signaling in low-grade serous carcinoma represents an appealing 

therapeutic target for patients. A recent, open-label, phase II GOG study of selumetinib, a 

MEK 1 and MEK 2 inhibitor, was quite tolerable and demonstrated excellent activity in 

recurrent low-grade serous carcinoma.29 The emergence of specific targeted therapies with 

beneficial effects in this cohort of patients further highlights the importance of identifying 

those with low-grade disease by the two-tiered criteria.

An ancillary analysis of GOG protocol 158 demonstrated that patients with grade 1 serous 

carcinoma (a reproducible surrogate of low-grade serous ovarian carcinoma) had 

significantly improved survival outcomes compared with those with grade 2–3 disease.4 

However, GOG-158 included only 21 women with low-grade disease, all of whom had 

undergone an optimal cytoreductive surgery. In contrast, the current GOG-182 ancillary 

study contains a substantially larger subset of patients with stage III–IV, low-grade serous 

carcinoma who underwent both optimal and suboptimal cytoreduction. When including “all-

comers” with advanced-stage, low-grade disease, our study suggests that the survival 

outcomes may not be as robust as previously believed, especially when residual disease 

remains after primary cytoreductive surgery.

Study weaknesses include the ad hoc analysis with its intrinsic limitations and the fact that 

study participants received a heterogeneous array of adjuvant therapies. Study strengths 
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include that data were prospectively collected from a phase III GOG study, tumor specimens 

had undergone central pathology review by gynecologic pathologists, and the large sample 

size of women with low-grade serous carcinoma.

Our analysis suggests that women with advanced-stage, low-grade (grade 1) serous 

carcinoma have a high risk of recurrence and cancer-related death. In those who are left with 

any gross residual disease after primary cytoreductive surgery, the risk for death is almost 

identical to that of women with high-grade serous carcinoma. Cytoreductive surgery with the 

goal of microscopic residual disease appears to improve progression-free and overall 

survival. Given that low-grade serous ovarian carcinoma is not exceptionally 

chemosensitive, it is particularly compelling to consider an attempt at maximal primary 

cytoreductive surgery in this population and to continue to investigate potentially active 

cytotoxic and targeted agents for the treatment of this disease.
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Fig. 1. 
A. Progression-free survival of grade 1 patients stratified by extent of residual disease (log-

rank test, P<.001). Median progression-free survival for the microscopic group was 33.2 

months (95% confidence interval [CI] 23.1–72.6), 14.7 months (95% CI 12.1–18.2) for the 

optimal (0.1–1.0 cm) group, and 14.1 months (95% CI 11.6–16.1) for the suboptimal (more 

than 1 cm) group. B. Overall survival of patients with low-grade serous carcinoma stratified 

by extent of residual disease (log-rank test, P<.001). Median overall survival for the 

microscopic group was 96.9 months (95% CI 76.2–not applicable), 44.5 months (95% CI 

Fader et al. Page 10

Obstet Gynecol. Author manuscript; available in PMC 2016 May 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



37.1–60.9) for the optimal group, and 42.0 months (95% CI 27.0–66.5) for the suboptimal 

group. The crosses in each panel represent censored data.

Fader. Low-Grade Serous Carcinoma and Survival. Obstet Gynecol 2013.
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Fig. 2. 
A. Progression-free survival of Gynecologic Oncology Group (GOG) 182 protocol patients 

stratified by tumor grade and residual disease (log-rank test, P<.001). Progression-free 

survival for the low-grade serous carcinoma nonmeasurable disease group was 33.2 months 

(95% CI 23.1–72.6), 26.8 months (95% CI 22.8–31.3) for the high-grade serous carcinoma 

nonmeasurable disease group, 14.1 months (95% CI 12.5–16.1) for the low-grade serous 

carcinoma measurable disease group, and 14.4 months (95% CI 13.9–14.9) for the high-

grade serous carcinoma measurable disease group. B. Overall survival of GOG-182 patients 
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stratified by tumor grade and residual disease (log-rank test, P<.001). Median overall 

survival for the low-grade serous carcinoma nonmeasurable disease group was 96.9 months 

(95% CI 76.2–not applicable), 77.1 months (95% CI 67.5–88.8) for the high-grade serous 

carcinoma nonmeasurable disease group, 42.0 months (95% CI 36.8–53.2) for the low-grade 

serous carcinoma measurable disease group, and 37.7 months (95% CI 35.9–39.4) for the 

high-grade serous carcinoma measurable disease group. The crosses in each panel represent 

censored data.

Fader. Low-Grade Serous Carcinoma and Survival. Obstet Gynecol 2013.

Fader et al. Page 13

Obstet Gynecol. Author manuscript; available in PMC 2016 May 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fader et al. Page 14

Table 1

Low-Grade* Compared With High-Grade Serous Carcinoma Patient Characteristics

Variable n
Low-Grade Serous

Carcinoma (n = 189)
High-Grade Serous

Carcinoma (n = 1,763) P

Age (y) 1,952 56.5 (46.6–64.3) 59.3 (51.6–67.3) <.001†

Race 1,952 .731‡

  White 172 (91.0) 1,596 (90.5)

  Black 9 (4.8) 72 (4.1)

  Other 8 (4.2) 95 (5.4)

BMI (kg/m2) 1,871 26.6 (23.4–30.3) 25.2 (22.2–29.6) .007†

Performance status 1,952 .444‡

  Normal, asymptomatic 93 (49.2) 860 (48.8)

  Symptomatic, ambulatory 87 (46.0) 776 (44.0)

  Symptomatic, in bed 9 (4.8) 127 (7.2)

Top-level FIGO stage 1,952 .284‡

  III 165 (87.3) 1,487 (84.3)

  IV 24 (12.7) 276 (15.7)

Tumor residual 1,952 .106‡

  Microscopic 47 (24.9) 258 (20.3)

  0.1–1 cm 97 (51.3) 866 (47.5)

  More than 1 cm 45 (23.8) 539 (28.5)

  CA 125 (units/mL) 1,882 119.1 (51.8–323.9) 246.7 (101.8–719.8) <.001†

Ascites 1,905 <.001‡

  No 69 (36.9) 418 (24.3)

  Yes 118 (63.1) 1,300 (75.7)

BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics.

Data are median (range) or n (%) unless otherwise specified.

*
Grade 1 disease is a surrogate for low-grade serous carcinoma.

†
Wilcoxon test.

‡
Pearson χ2 test.
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Table 2

Low-Grade Serous Carcinoma Recurrence Rates by Disease Residual

Nonmeasurable
Disease (n=47)

Measurable
Disease (n= 142) P*

Recurrence .004

  No 12 (25.5) 13 (9.2)

  Yes 35 (74.5) 129 (90.8)

Data are n (%) unless otherwise specified.

*
Pearson χ2 test.
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