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Abstract

Objective—To examine utilization and efficacy of chemotherapy for stage I ovarian cancer.

Methods—We conducted a retrospective cohort study using the National Cancer Data Base 

(NCDB) to identify women with stage I ovarian cancer treated from 1998–2012. Patients were 

classified into 3 groups based on grade and stage: stage IA or IB, grade 1 (low risk); stage IA or 

IB, grade 2 (intermediate risk); stage IA or IB, grade 3 or any stage IC (high risk). Multivariable 

models were developed to examine predictors of chemotherapy use and survival.

Results—We identified 21,758 patients including 4,196 (19.3%) low-risk, 3,777 (17.4%) 

intermediate-risk, and 13,785 (63.4%) high-risk women. The median follow-up time of the cohort 

was 63.9 months. Use of chemotherapy within the groups was 15.5%, 39.5%, and 69.8%, 

respectively (P<0.001). Among low-risk patients, chemotherapy was not associated with a change 

in survival (aHR=1.10; 95% CI, 0.85–1.42), while chemotherapy was associated with reduced 

mortality for high-risk patients (aHR=0.78; 95% CI, 0.71–0.85). For intermediate-risk patients 

(stage IA/IB, grade 2), chemotherapy was associated with a 26% reduction in mortality 

(aHR=0.74; 95% CI, 0.62–0.89). The association between chemotherapy and improved survival 

among intermediate-risk patients remained significant when limited to patients who underwent 

staging lymphadenectomy (aHR=0.77; 95% CI, 0.62–0.97).
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Conclusions—There is widespread variation in the patterns of care for early-stage ovarian 

cancer. Chemotherapy was associated with improved survival for stage IA/IB, grade 2 patients.

Introduction

While survival is improving for ovarian cancer, the majority of women present with 

advanced stage disease that is associated with a poor prognosis.1 For women with early-

stage, ovarian confined tumors, outcomes are more favorable, with survival of greater than 

90% in some subsets.2 The treatment of early-stage ovarian cancer is typically 

oophorectomy with comprehensive surgical staging. Prior studies have shown that up to 30% 

of women have occult metastases at the time of surgery.3–5

For women with stage I ovarian cancer, adjuvant chemotherapy is tailored based upon 

pathologic risk factors.6,7 Studies by the Gynecologic Oncology Group (GOG) suggested 

that chemotherapy was not beneficial in women with stage IA and IB, grade 1–2 tumors 

(low-risk).8 However, these studies contained a relatively small number of women with 

grade 2 tumors and treatment of this subset of patients remains controversial.6,7 Consensus 

guidelines suggest that either observation or chemotherapy are appropriate for stage IA/IB, 

grade 2 neoplasms.7 In contrast, women with stage IA or IB, grade 3 tumors and stage IC 

neoplasms are at higher risk for recurrence and are generally treated with 

chemotherapy.4,9,10

Despite consensus recommendations, prior studies have shown widespread variation in the 

patterns of care for early-stage ovarian cancer.11–18 Given the uncertainty in the treatment of 

early-stage ovarian cancer, we explored the utilization of chemotherapy and outcomes for 

stage I ovarian cancer. Specifically, we examined the use of chemotherapy and its 

association with survival in subgroups of women in which the potential benefits of 

chemotherapy are unknown (stage IA/IB, grade 2).

Materials and Methods

A retrospective cohort study using the National Cancer Data Base (NCDB) was performed 

to analyze treatment-based outcomes in women with early stage ovarian cancer.19,20 NCDB 

is a nationwide registry jointly developed by the American College of Surgeons and the 

American Cancer Society that captures approximately 80% of newly diagnosed cancers 

from 1500 Commission on Cancer (CoC) affiliated hospitals throughout the United States. 

NCDB contains approximately 30 million historical records. The NCDB includes data on 

patient demographic factors, tumor characteristics and treatment data, staging, and 

survival.19–21 The study used de-identified data and was deemed exempt by the Columbia 

University Institutional Review Board.

Women with stage I epithelial ovarian cancer who underwent cancer-directed surgery from 

1998–2012 were included in the analysis. Only women with data on use of chemotherapy 

were included for analysis. Patients were classified into 3 groups based on grade and stage: 

stage IA or IB, grade 1 (low risk); stage IA or IB, grade 2 (intermediate risk); stage IA or IB, 

grade 3 or stage IC with any tumor grade (high risk). Patients with clear cell histology were 

classified as high risk. Use of chemotherapy was considered to have occurred if a patient 
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received chemotherapy at any facility after the surgery. Data on the specific agents and 

number of cycles is not recorded within NCDB.

Demographic data analyzed included age (<40, 40–49, 50–59, 60–69, ≥ 70 years), race 

(white, black, Hispanic, other/unknown), insurance status (private, Medicaid, Medicare, 

uninsured, other governmental/unknown). Comorbidity was measured using the Deyo 

classification of the Charlson comorbidity score (unknown, 0,1, ≥ 2).22 Tumor stage, grade, 

histology (serous, mucinous, endometrioid, clear cell, transitional cell, or other), lymph node 

examination (yes, none, unknown), and year of diagnosis were recorded.

Hospital characteristics including facility region (eastern, south, Midwest, west) and location 

(metropolitan, urban, rural) were analyzed. Facility type (academic/research, comprehensive 

community cancer center, or community cancer center) was defined by the American Cancer 

Society’s Commission on Cancer as: academic/research hospitals (institutions affiliated with 

university medical schools or those designated as National Cancer Institute Comprehensive 

Cancer programs), community cancer centers (institutions that diagnose or treat 100–649 

cancer cases annually) and comprehensive community centers (institutions that diagnose or 

treat ≥ 650 cancer cases annually).20,23

Frequency distributions between categorical variables were compared using χ2 tests and 

trends analyzed using Cochran-Armitage tests. To examine predictors of chemotherapy use 

we fit log-linear regression models (with Binomial errors and log-link function) based on the 

methods of generalized estimating equations to account for facility-level clustering. These 

models included clinical and demographic characteristics potentially predictive of 

chemotherapy use. Estimates are reported as adjusted risk ratios (aRR) with 95% confidence 

intervals (CI). Separate models are reported for low, intermediate, and high-risk groups.

Overall survival was examined using marginal Cox proportional hazards models. These 

models account for clinical and demographic characteristics as well as facility-level 

clustering. Survival was estimated from the time of diagnosis until death or last follow-up. 

Kaplan-Meier curves were developed to compare survival based on receipt of adjuvant 

chemotherapy stratified by risk cohort. Survival was compared using log-rank tests. All 

hypothesis testing was two-sided and a P-value of <0.05 was considered statistically 

significant. All analyses were conducted using SAS version 9.4 (SAS Institute Inc, Cary, 

North Carolina).

Results

A total of 21,758 patients were identified, including 4,196 (19.3%) low-risk, 3,777 (17.4%) 

intermediate-risk, and 13,785 (63.4%) high-risk patients. Use of chemotherapy within the 

groups was 15.5%, 39.5%, and 69.8%, respectively (Table 1). Use of chemotherapy 

remained relatively constant over time for women with low and intermediate risk tumors 

(P=0.19 and P=0.24, respectively) but increased for patients with high-risk cancers from 

68.0% in 1998 to 74.0% in 2012 (P<0.001) (Figure 1).

The clinical and demographic characteristics of the cohort are displayed in Table 1. Of note, 

74.4% of low-risk, 78.4% of intermediate risk, and 78.2% of high-risk patients underwent 
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lymph node sampling. Chemotherapy was administered to 47.6% of patients who did not 

undergo lymph node sampling, compared to 55.8% of patients who underwent lymph node 

sampling (P=0.001).

In a series of multivariable models, advanced age, mucinous histology and treatment in the 

western U.S. were associated with a lower likelihood of receipt of chemotherapy, while 

higher stage and grade were associated with an increased likelihood of receipt of 

chemotherapy (P<0.05 for all) (Table 2). In the high-risk group, black race was associated 

with decreased use of chemotherapy (aRR=0.88; 95% CI, 0.83–0.94). Among women with 

high-risk tumors, those with mucinous neoplasms were less likely to undergo chemotherapy, 

while patients with clear cell tumors more commonly received chemotherapy. Similarly, 

high-risk women who did not undergo lymphadenectomy were less likely to receive 

chemotherapy.

In a multivariable model of survival, chemotherapy was not associated with survival among 

women with low-risk tumors (aHR=1.10; 95% CI, 0.85–1.42) (Table 3). In contrast, among 

women with high-risk cancers, chemotherapy was associated with decreased mortality 

(aHR=0.78; 95% CI, 0.71–0.85). For women with intermediate-risk cancers, use of 

chemotherapy was associated with a 26% decrease in mortality (aHR=0.74; 95% CI, 0.62–

0.89). For women with intermediate risk tumors, advanced age, Medicare or Medicaid 

insurance coverage, more advanced stage (stage IB), and failure to perform 

lymphadenectomy were associated with decreased survival.

When the intermediate risk patients were stratified by performance of lymphadenectomy, 

chemotherapy was associated with decreased mortality among women who underwent 

lymph node sampling (aHR=0.77; 95% CI, 0.62–0.97) but was not associated with survival 

among those women who did not undergo lymphadenectomy (aHR=0.73; 95% CI 0.52–

1.03) (Table 4). In Kaplan-Meier analyses, there was no difference in survival for low-risk 

patients based on receipt of chemotherapy (P=0.17), but was survival was improved in the 

intermediate (P<0.001) and high-risk (P<0.001) patients treated with chemotherapy (Figure 

2).

Among low-risk women, 5-year survival was 93.3% (95% CI, 90.7–95.2%) among those 

who received chemotherapy versus 90.9% (95% CI, 89.7–91.9%) in those who did not 

receive chemotherapy (P=0.17). For those women with intermediate risk cancers, 5-year 

survival was 90.4% (95% CI, 88.6–92.0%) for those who received chemotherapy compared 

to 85.9% (95% CI, 84.2–87.5%) in those not treated with chemotherapy. Finally, survival at 

5-years was 85.1% (95% CI, 84.3–85.9%) in those treated and 80.4% (95% CI, 79.0–81.7%) 

among those high-risk patients not treated with chemotherapy (P<0.001).

Discussion

We noted widespread variation in the use of chemotherapy for stage I ovarian cancer. Nearly 

16% of women with low-risk tumors in which chemotherapy is not beneficial received 

treatment, while over 30% of women with high-risk tumors who benefit from chemotherapy 
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were not treated. Importantly, we found that chemotherapy was associated with improved 

survival for women with stage IA/IB grade 2 tumors.

The optimal treatment of stage IA and IB grade 2 tumors remains controversial. Data from 

the GOG in the 1980’s found no benefit from chemotherapy for women with stage IA and 

IB, grade 1 and 2 tumors.8 However, more recent data from randomized trials in Europe 

have suggested a greater role for chemotherapy in women with early-stage ovarian cancer 

and the treatment of patients with stage IA/IB grade 2 has been debated.9,24,25 Among 

women with stage IA or IB, grade 2 neoplasms, the National Comprehensive Cancer 

Network (NCCN) guidelines advocate either observation or treatment with 3–6 cycles of 

platinum and taxane based chemotherapy.7 We noted that mortality was reduced by 26% in 

women with stage IA/IB grade 2 tumors. These findings clearly warrant further 

investigation.

In a subset analysis, we found that the survival benefit associated with chemotherapy for the 

intermediate risk stage IA/IB, grade 2 patients was limited to women who underwent 

lymphadenectomy. This has important implications and suggests that the survival benefit 

associated with chemotherapy in intermediate risk women is not due to the treatment of 

occult, advanced stage disease, but rather, is an effect in women with ovarian-confined 

disease. Like prior studies, we found that staging procedures such as lymphadenectomy 

were often omitted in apparent early-stage ovarian cancer.11–17,26

Our study is in line with prior work that has demonstrated no benefit for chemotherapy in 

women with low-risk, stage IA and IB, grade 1 neoplasms.8,17 Despite the lack of benefit for 

chemotherapy in this subset of patients, use remains common. We found that approximately 

16% of low-risk women received chemotherapy and this remained relatively stable from 

1998 to 2012. A prior study examining Medicare beneficiaries found that use of 

chemotherapy in stage IA or IB, grade 1–2 tumors was 33% and actually increased between 

1992 and 2009.17 While differences in use based on stage and histology explain some of the 

difference, it remains unclear why chemotherapy continues to be used in low-risk women.

In contrast, for women with high-risk (stage IA–IB grade 3 or IC any grade), early-stage 

ovarian cancer, there is general consensus that chemotherapy is associated with improved 

outcomes.2,7,10,17,27–29 Despite the survival benefit associated with treatment, chemotherapy 

is frequently omitted in these patients.17 Within our cohort, 30% of women with high-risk, 

early stage ovarian cancer did not receive chemotherapy. A prior study of elderly women in 

the U.S. noted similar findings; 28% of patients with high-risk tumors did not receive 

chemotherapy.17 Encouragingly, we noted that the use of chemotherapy in this group 

increased over the years of study.

We recognize a number of important limitations. Although we can examine the use of 

chemotherapy, data on the specific drugs used, doses, number of cycles is lacking. Further 

work to examine the specific characteristics of chemotherapy would be of great value. 

Likewise, NCDB does not capture the specialty of the treating physician; this would be of 

great interest in future studies. While our models were extensively adjusted for measured 

confounders, we cannot exclude the possibility that other unmeasured confounding factors 
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influenced use of chemotherapy and outcomes. Additionally, although we recorded use of 

chemotherapy at any facility, we cannot exclude the possibility that use of chemotherapy 

was miscoded in a small number of women. Lastly, as with any large study of administrative 

data, a statistically significant finding does not necessarily imply that it is of clinical 

importance.

These data have a number of practical implications for the management of women with 

early-stage ovarian cancer. First, the widespread variation in the adherence to recommended 

care clearly indicates that the quality of care for women with early-stage ovarian cancer can 

be improved. Performance of surgical staging, avoidance of chemotherapy in women 

unlikely to derive benefit, and use of chemotherapy in patients when indicated can improve 

outcomes as well as reduce toxicity. Second, prior studies grouping stage IA/IB, grade 2 

tumors with grade 1 tumors as a low-risk may be insufficient.2,27 Our findings of improved 

survival among women with stage IA/IB, grade 2 tumors who received chemotherapy 

suggest that this subset of patients constitutes a separate intermediate risk group where 

chemotherapy should be strongly considered.
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Figure 1. 
Chemotherapy use stratified by risk group and year of diagnosis: low risk (P=.19), 

intermediate risk (P=.24), high risk (P<.001 for trend). Error bars indicate 95% confidence 

intervals.
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Figure 2. 
Kaplan-Meier analysis of survival with use of chemotherapy. A. Low risk (P=.17); B. 
intermediate risk (P<.001); C. high risk (P<.001).
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Table 2

Multivariable models of chemotherapy use.

Covariate Low Risk 1 Intermediate Risk High Risk

Age

 <40 Referent Referent Referent

 40–49 1.12 (0.92–1.38) 1.03 (0.89–1.20) 0.99 (0.95–1.04)

 50–59 1.22 (1.00–1.49) 1.10 (0.96–1.27) 1.04 (1.00–1.09)

 60–69 1.05 (0.81–1.36) 0.97 (0.83–1.14) 1.05 (1.00–1.10)

 ≥70 0.56 (0.39–0.79)* 0.74 (0.61–0.89)* 0.84 (0.79–0.90)*

Race

 White Referent Referent Referent

 Black 0.74 (0.52–1.04) 0.97 (0.80–1.17) 0.88 (0.83–0.94)*

 Hispanic 0.63 (0.41–0.97)* 0.95 (0.80–1.13) 0.98 (0.93–1.04)

 Other/unknown 0.94 (0.67–1.32) 1.10 (0.90–1.34) 0.96 (0.91–1.02)

Insurance

 Private Referent Referent Referent

 Medicaid 1.06 (0.77–1.48) 1.04 (0.86–1.25) 1.03 (0.97–1.09)

 Medicare 0.99 (0.78–1.27) 0.88 (0.77–1.01) 0.96 (0.93–1.00)

 Uninsured 1.01 (0.75–1.35) 0.87 (0.73–1.04) 1.02 (0.97–1.07)

 Other government/unknown 1.00 (0.68–1.47) 0.92 (0.74–1.16) 0.98 (0.93–1.04)

Facility Location

 Eastern Referent Referent Referent

 Midwest 0.90 (0.73–1.12) 1.00 (0.86–1.17) 0.97 (0.93–1.02)

 South 0.95 (0.77–1.18) 0.97 (0.83–1.14) 0.94 (0.89–0.99)*

 West 0.75 (0.59–0.96)* 0.84 (0.69–1.02) 0.88 (0.82–0.94)*

Facility Type

 Community cancer - Referent Referent

 Academic/research - 1.11 (0.91–1.35) 1.06 (0.99–1.12)

 Comprehensive community cancer - 1.06 (0.87–1.29) 0.96 (0.90–1.03)

 Other - 1.81 (1.49–2.21)* 0.75 (0.70–0.80)*

Urban/Rural

 Metropolitan Referent Referent Referent

 Urban 0.91 (0.73–1.13) 1.05 (0.92–1.20) 1.03 (0.99–1.06)

 Rural 0.79 (0.42–1.49) 0.85 (0.60–1.19) 1.04 (0.94–1.14)

 Unknown 0.89 (0.63–1.26) 1.05 (0.87–1.27) 0.98 (0.93–1.04)

Histology

 Serous Referent Referent Referent

 Mucinous 0.85 (0.65–1.12) 0.72 (0.63–0.83)* 0.90 (0.86–0.94)*
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Covariate Low Risk 1 Intermediate Risk High Risk

 Endometrioid 1.69 (1.33–2.16)* 1.09 (0.99–1.21) 1.01 (0.98–1.05)

 Clear cell – – 1.07 (1.03–1.10)*

 Transitional cell – 2.15 (1.45–3.17)* 1.00 (0.87–1.14)

 Epithelial tumor NOS 1.37 (0.93–2.01) 0.87 (0.71–1.06) 0.95 (0.89–1.00)

Grade

 1 – – Referent

 2 – – 1.14 (1.09–1.19)*

 3 – – 1.18 (1.13–1.23)*

 Unknown – – 1.00 (0.95–1.06)

Stage

 IA Referent Referent Referent

 IB 2.43 (2.02–2.91)* 1.37 (1.23–1.51)* 1.06 (0.99–1.13)

 IC – – 1.17 (1.14–1.21)*

Lymph nodes examined

 Yes Referent Referent Referent

 No 0.98 (0.81–1.17) 0.95 (0.85–1.06) 0.93 (0.90–0.96)*

 Unknown 1.03 (0.49–2.14) 0.88 (0.55–1.41) 1.05 (0.94–1.17)

Year of Diagnosis

 1998 Referent Referent Referent

 1999 0.75 (0.51–1.10) 1.00 (0.81–1.24) 1.02 (0.95–1.09)

 2000 0.91 (0.64–1.30) 1.00 (0.80–1.24) 0.98 (0.91–1.05)

 2001 0.90 (0.63–1.28) 0.97 (0.77–1.22) 1.01 (0.94–1.08)

 2002 0.88 (0.59–1.29) 0.90 (0.72–1.13) 0.99 (0.92–1.06)

 2003 0.75 (0.49–1.12) 1.03 (0.84–1.26) 1.01 (0.94–1.08)

 2004 0.62 (0.39–0.96)* 1.07 (0.86–1.33) 0.95 (0.88–1.02)

 2005 0.88 (0.60–1.29) 0.99 (0.80–1.23) 0.99 (0.92–1.06)

 2006 0.83 (0.58–1.18) 1.02 (0.81–1.28) 0.98 (0.92–1.05)

 2007 0.83 (0.56–1.23) 0.90 (0.72–1.14) 1.02 (0.95–1.09)

 2008 0.91 (0.63–1.32) 0.98 (0.78–1.24) 1.05 (0.99–1.12)

 2009 0.91 (0.63–1.31) 0.97 (0.77–1.22) 1.02 (0.96–1.09)

 2010 1.06 (0.74–1.52) 1.08 (0.87–1.33) 1.06 (1.00–1.14)

 2011 1.02 (0.72–1.45) 1.11 (0.90–1.36) 1.05 (0.98–1.12)

 2012 0.87 (0.60–1.25) 1.10 (0.89–1.36) 1.06 (0.99–1.13)

Adjusted risk ratio (95% confidence interval).38 patients missing facility identifier were excluded; 4,188, 3,771, and 13,759 patients were analyzed 
in low, intermediate, and high-risk groups.

*
P<0.05

1
Two transitional cell patients were excluded
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Generalized estimating equations were fit accounting for facility-level clustering. The covariates included were: low-risk: age, race, insurance 
status, facility region, facility location, histology, stage, lymph node examination, and year of diagnosis; intermediate-risk: age, race, insurance 
status, facility region, facility type, facility location, histology, stage, lymph node examination, and year of diagnosis; high-risk: age, race, 
insurance status, facility region, facility type, facility location, histology, stage, grade, lymph node examination, and year of diagnosis.
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Table 3

Multivariable models of survival stratified by low, intermediate, and high-risk classification.

Covariate Low Risk Intermediate Risk High Risk

Follow-up months

 Median (range) 65.12 (0.00–188.52) 66.30 (0.03–187.33) 62.88 (0.00–190.26)

Chemotherapy

 No Referent Referent Referent

 Yes 1.10 (0.85–1.42) 0.74 (0.62–0.89)* 0.78 (0.71–0.85)*

Age

 <40 Referent Referent Referent

 40–49 1.52 (0.90–2.57) 1.17 (0.79–1.74) 1.16 (0.96–1.42)

 50–59 3.89 (2.46–6.15)* 1.44 (0.96–2.16) 1.38 (1.14–1.66)*

 60–69 4.79 (2.93–7.85)* 2.01 (1.36–2.97)* 1.64 (1.34–2.00)*

 ≥70 9.86 (5.85–16.63)* 3.63 (2.43–5.44)* 3.45 (2.81–4.25)*

Race

 White Referent Referent Referent

 Black 0.86 (0.55–1.34) 1.31 (0.91–1.88) 1.50 (1.26–1.78)*

 Hispanic 0.91 (0.55–1.49) 0.56 (0.32–0.98)* 1.01 (0.83–1.23)

 Other/unknown 0.80 (0.46–1.39) 1.04 (0.70–1.55) 1.02 (0.85–1.23)

Insurance

 Private Referent Referent Referent

 Medicaid 2.68 (1.76–4.07)* 1.82 (1.17–2.83)* 1.48 (1.20–1.82)*

 Medicare 1.66 (1.22–2.27)* 1.48 (1.16–1.90)* 1.22 (1.08–1.38)*

 Uninsured 2.23 (1.42–3.48)* 1.47 (0.94–2.29) 1.16 (0.93–1.45)

 Other government/unknown 1.52 (0.97–2.38) 1.49 (1.01–2.20)* 1.25 (0.99–1.57)

Facility Location

 Eastern Referent Referent Referent

 Midwest 1.22 (0.95–1.57) 1.32 (1.03–1.68)* 1.05 (0.93–1.19)

 South 1.19 (0.91–1.56) 1.26 (0.98–1.60) 1.11 (0.98–1.26)

 West 1.27 (0.93–1.72) 0.89 (0.65–1.20) 0.99 (0.87–1.14)

Facility Type

 Community cancer Referent Referent Referent

 Academic/research 1.53 (1.07–2.20)* 1.03 (0.74–1.43) 1.06 (0.90–1.24)

 Comprehensive community cancer 1.45 (1.02–2.05)* 0.98 (0.71–1.36) 1.04 (0.89–1.22)

 Other – ╪ 2.73 (1.87–3.98)* 1.06 (0.88–1.29)

Urban/Rural

 Metropolitan Referent Referent Referent

 Urban 1.08 (0.82–1.42) 1.03 (0.82–1.30) 1.04 (0.92–1.17)

 Rural 0.88 (0.45–1.71) 0.59 (0.27–1.29) 1.37 (1.04–1.80)*
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Covariate Low Risk Intermediate Risk High Risk

 Unknown 1.06 (0.65–1.74) 1.76 (1.27–2.45)* 1.57 (1.33–1.85)*

Histology

 Serous Referent Referent Referent

 Mucinous 1.32 (1.00–1.75) 1.13 (0.89–1.45) 1.14 (1.00–1.30)

 Endometrioid 0.85 (0.64–1.14) 0.80 (0.64–1.00) 0.73 (0.66–0.82)*

 Clear cell - - 1.07 (0.95–1.20)

 Transitional cell - ╪ - ╪ 0.99 (0.61–1.59)

 Epithelial tumor NOS 1.50 (1.01–2.21)* 0.81 (0.57–1.16) 1.04 (0.90–1.21)

Grade

 1 - - Referent

 2 - - 1.52 (1.30–1.77)*

 3 - - 1.96 (1.69–2.28)*

 Unknown - - 1.52 (1.29–1.79)*

Stage

 1A Referent Referent Referent

 1B 1.20 (0.86–1.69) 1.61 (1.23–2.12)* 1.37 (1.14–1.64)*

 1C - - 1.53 (1.37–1.71)*

Lymph nodes examined

 Yes Referent Referent Referent

 No 1.54 (1.27–1.87)* 1.45 (1.20–1.73)* 1.62 (1.49–1.76)*

 Unknown 1.56 (0.63–3.85) 1.27 (0.56–2.88) 1.47 (1.04–2.08)*

Year of Diagnosis

 1998 Referent Referent Referent

 1999 1.37 (0.95–1.96) 1.19 (0.80–1.76) 0.85 (0.71–1.01)

 2000 1.04 (0.69–1.55) 1.42 (0.99–2.05) 0.72 (0.59–0.87)*

 2001 1.18 (0.79–1.76) 1.11 (0.75–1.65) 0.89 (0.76–1.05)

 2002 1.38 (0.90–2.11) 1.14 (0.78–1.67) 0.92 (0.77–1.10)

 2003 1.52 (0.99–2.33) 0.97 (0.63–1.51) 0.97 (0.81–1.16)

 2004 1.57 (1.04–2.37)* 1.33 (0.85–2.08) 0.85 (0.71–1.03)

 2005 1.38 (0.90–2.11) 1.43 (0.95–2.14) 0.87 (0.72–1.04)

 2006 1.52 (0.95–2.43) 0.96 (0.59–1.58) 0.95 (0.77–1.15)

 2007 1.30 (0.77–2.22) 1.08 (0.69–1.70) 0.99 (0.81–1.20)

 2008 1.00 (0.56–1.79) 1.04 (0.61–1.77) 0.90 (0.74–1.08)

 2009 1.17 (0.62–2.24) 1.05 (0.61–1.81) 0.93 (0.73–1.18)

 2010 0.91 (0.44–1.87) 1.00 (0.49–2.04) 1.03 (0.79–1.34)

 2011 0.87 (0.37–2.04) 1.06 (0.51–2.18) 1.13 (0.86–1.50)

Adjusted hazard ratio (95% confidence interval).

Age, race, insurance status, facility region, facility type, facility location, histology, stage, lymph node examination, and year of diagnosis were 
included in the marginal Cox proportional hazard models accounting for facility-level clustering. Grade was further adjusted for in the high-risk 
group.
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╪
Non-estimable.

1,833 patients missing follow-up time, vital status, or facility identifier were excluded; 3,851, 3,502, and 12,572 patients were modeled in the low, 
intermediate, and high-risk groups.
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Table 4

Multivariable estimates of survival for women with intermediate risk tumors stratified by performance of 

lymphadenectomy.

Covariate Lymph Node Dissection Performed Lymph Node Dissection Not Performed

Follow-up months

 Median (range) 66.40 (0.03–187.33) 65.88 (0.03–186.41)

Chemotherapy

 No Referent Referent

 Yes 0.77 (0.62–0.97)* 0.73 (0.52–1.03)

Age

 <40 Referent Referent

 40–49 0.94 (0.61–1.45) 3.84 (1.06–13.88)*

 50–59 1.25 (0.80–1.95) 3.75 (1.06–13.29)*

 60–69 1.67 (1.07–2.60)* 6.42 (1.86–22.22)*

 ≥70 3.22 (1.98–5.22)* 9.44 (2.69–33.14)*

Race

 White Referent Referent

 Black 1.14 (0.69–1.88) 1.71 (0.97–3.04)

 Hispanic 0.62 (0.34–1.15) 0.41 (0.09–1.92)

 Other/unknown 1.07 (0.70–1.65) 1.29 (0.63–2.63)

Insurance

 Private Referent Referent

 Medicaid 2.12 (1.25–3.61)* 1.99 (0.91–4.36)

 Medicare 1.36 (0.98–1.89) 1.77 (1.15–2.72)*

 Uninsured 1.42 (0.85–2.37) 1.66 (0.69–4.00)

 Other government/unknown 1.31 (0.82–2.10) 2.03 (1.00–4.12)

Facility Location

 Eastern Referent Referent

 Midwest 1.52 (1.12–2.07)* 1.13 (0.71–1.79)

 South 1.41 (1.04–1.93)* 1.14 (0.73–1.77)

 West 1.03 (0.70–1.51) 0.67 (0.37–1.21)

Facility Type

 Community cancer Referent Referent

 Academic/research 0.97 (0.62–1.51) 0.96 (0.56–1.64)

 Comprehensive community cancer 0.84 (0.54–1.31) 1.16 (0.70–1.93)

 Other 2.60 (1.54–4.39)* - ╪

Urban/Rural

 Metropolitan Referent Referent

 Urban 0.90 (0.67–1.21) 1.30 (0.85–1.97)
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Covariate Lymph Node Dissection Performed Lymph Node Dissection Not Performed

 Rural 0.52 (0.20–1.32) 0.36 (0.04–3.02)

 Unknown 2.05 (1.39–3.02)* 1.60 (0.86–2.96)

Histology

 Serous Referent Referent

 Mucinous 1.24 (0.91–1.68) 0.99 (0.66–1.49)

 Endometrioid 0.85 (0.64–1.13) 0.76 (0.51–1.12)

 Clear cell - -

 Transitional cell -╪ -

 Epithelial tumor NOS 0.93 (0.60–1.44) 0.66 (0.36–1.24)

Stage

 1A Referent Referent

 1B 1.64 (1.16–2.31)* 1.49 (0.93–2.40)

 1C - -

Year of Diagnosis

 1998 Referent Referent

 1999 1.29 (0.78–2.14) 1.00 (0.53–1.87)

 2000 1.64 (1.04–2.58)* 1.04 (0.56–1.90)

 2001 1.27 (0.76–2.12) 0.77 (0.40–1.45)

 2002 1.30 (0.79–2.13) 0.86 (0.44–1.67)

 2003 1.02 (0.58–1.78) 0.86 (0.43–1.71)

 2004 1.42 (0.81–2.49) 1.11 (0.51–2.44)

 2005 1.84 (1.12–3.01)* 0.68 (0.34–1.34)

 2006 1.01 (0.53–1.93) 0.79 (0.34–1.81)

 2007 1.13 (0.63–2.03) 1.04 (0.48–2.28)

 2008 1.12 (0.56–2.21) 0.90 (0.38–2.10)

 2009 0.90 (0.44–1.83) 1.56 (0.65–3.75)

 2010 0.84 (0.30–2.34) 1.61 (0.61–4.20)

 2011 1.35 (0.58–3.12) 0.69 (0.15–3.26)

Adjusted hazard ratio (95% confidence interval).

╪
Non-estimable.

306 patients with missing follow-up time, vital status, or facility identifier were excluded; 2,735 and 736 patients were modeled in lymph nodes 
dissection performed and node dissection not performed.

Age, race, insurance status, facility region, facility type, facility location, histology, stage, lymph node examination, and year of diagnosis were 
included in the marginal Cox proportional hazard models accounting for facility-level clustering.
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