
Socioeconomic Inequality and Omission of Adjuvant Radiation 
Therapy in High-Risk, Early-Stage Endometrial Cancer

Leo Y. Luo, M.D.1, Emeline M. Aviki, M.D., M.B.A.2, Anna Lee, M.D., M.P.H.1, Marisa A. 
Kollmeier, M.D.1, Nadeem R. Abu-Rustum, M.D.2,3, C. Jillian Tsai, M.D., Ph.D.1,*, Kaled M. 
Alektiar, M.D.1,*,§

1Department of Radiation Oncology, Memorial Sloan Kettering Cancer Center, New York, New 
York 10065

2Gynecology Service, Department of Surgery, Memorial Sloan Kettering Cancer Center, New 
York, New York 10065

3Department of Obstetrics and Gynecology, Weill Cornell Medical College, New York, New York 
10065

Abstract

OBJECTIVE: Gaps in access to appropriate cancer care, and associated cancer mortality, have 

widened across socioeconomic groups. We examined whether demographic and socioeconomic 

factors influenced receipt of adjuvant radiation therapy (RT) in patients with high-risk, early-stage 

endometrial cancer.

METHODS: A retrospective study cohort was selected from 349,404 endometrial carcinoma 

patients from the National Cancer Database in whom adjuvant RT would be recommended per 

national guidelines. The study included surgically treated patients with endometrioid endometrial 

cancer with one of the following criteria: 1) FIGO 2009 stage IB, grade 1/2 disease, age ≥60 years; 

2) stage IB, grade 3 disease; or 3) stage II disease. Logistic regression analysis was performed to 

identify factors associated with omission of adjuvant RT. Association between adjuvant RT, 
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covariables, and overall survival (OS) was assessed with multivariable Cox proportional hazards 

models.

RESULTS: 19,594 patients were eligible for analysis; 47% did not receive adjuvant RT. Omission 

of adjuvant RT was more prevalent among African-American, Hispanic, and Asian compared to 

non-Hispanic white patients (OR 0.79, 95%CI: 0.69–0.91; OR 0.75, 95%CI: 0.64–0.87; OR 0.75, 

95%CI: 0.60–0.94, respectively). Lower median household income of patient’s area of residence, 

lack of health insurance, treatment at non-academic hospitals, farther distance to treatment 

facilities, and residence in metropolitan counties were associated with omission of adjuvant RT 

(OR≤0.81, p≤0.01). Such omission was independently associated with worse OS (HR1.43, 

p<0.001).

CONCLUSION: Adjuvant RT is omitted in 47% of patients with early-stage, high-risk 

endometrial cancer, which is associated with poor access to appropriate, high-quality care and 

worse outcome.

INTRODUCTION

Although the overall cancer death rate has dropped continuously over the last 2 decades, the 

gap of socioeconomic inequality in cancer mortality continues to widen. Within the United 

States, the cancer mortality rate is approximately 20% higher in the poorest counties 

compared with the more affluent ones (1). It is further estimated that one third of cancer 

deaths in American adults can be prevented with the elimination of socioeconomic 

disparities (2). An important contributor to the difference in cancer mortality is barriers to 

high-quality cancer treatment. These barriers to cancer care are multifaceted and often 

originate from poverty, inadequate insurance coverage, lack of access to high-level care 

facilities, and geographic isolation (3–7).

While the overall cancer mortality rate has declined in many types of cancers, endometrial 

cancer is an exception. From 1999–2016, deaths from endometrial cancer increased 1.1% 

per year, for an overall total of 21% (8). Most patients with early-stage disease do not 

require adjuvant treatment; however, national guidelines and major societies, including the 

American Society of Clinical Oncology (ASCO), the European Society for Medical 

Oncology (ESMO), and the American Society for Radiation Oncology (ASTRO), 

recommend adjuvant radiation therapy (RT) for patients considered high risk for recurrence 

(9–11). The recommendation is based on high-level evidence from multiple randomized 

trials demonstrating improved pelvic disease control with adjuvant RT in high-risk patients 

(12–14).

The care disparities in radiation oncology have been linked to racial and ethnic differences 

and inequalities in income, geographic location, insurance coverage, and access to high-

volume facilities (15–20). The aim of this study was threefold: to determine the adherence 

rate of national guidelines recommending adjuvant RT, to evaluate potential barriers to the 

receipt of adjuvant RT, and to assess the impact of omission of adjuvant RT on outcome.
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METHODS

Data source

The study population was derived from the National Cancer Database (NCDB), established 

by the Commission on Cancer of the American College of Surgeons and the American 

Cancer Society as a nationwide, comprehensive oncology registry that captures 

approximately 70% of all diagnosed malignancies in the United States (21). The database 

contains 349,404 endometrial carcinoma patients diagnosed in the U.S. between 2004 and 

2012.

Study population

We selected a cohort of patients with early-stage endometrial cancer and high-risk features 

in whom adjuvant RT was warranted based on national cancer treatment guidelines and 

consensus committees from major cancer societies (9, 10, 22). The study population 

included surgically treated patients with endometrial cancer of endometrioid histology who 

satisfied one of the following criteria: 1) International Federation of Gynecology and 

Obstetrics (FIGO) 2009 stage IB, grade 1 or 2 disease, and age 60 years or older; 2) stage 

IB, grade 3 disease, and any age; and 3) stage II, any grade disease, and any age. Patients 

were excluded for non-endometrioid histology, endocervical gland involvement only, 

undetermined cell type or histology, death within 30 days after surgery, unknown follow-up 

time or living status, and missing values in collected variables. Since the role of adjuvant 

chemotherapy in patients with early-stage endometrioid endometrial cancer remains unclear, 

patients who received adjuvant chemotherapy were excluded. Patients were also excluded if 

they received adjuvant RT with unconventional isotopes (I-131, P-32, Sr-89/90).

Statistical analyses

Patient clinical, demographic, and socioeconomic variables were selected for analyses based 

on the consensus of contributing authors. Analyzed variables included age, FIGO stage, 

grade, lymph node assessment during surgery, race, median income, insurance type, facility 

type, distance to facility, and residence location. Income was defined by median household 

income of each patient’s area of residence. Facility type was divided into academic versus 

non-academic types. Academic facilities were defined as Commission on Cancer-accredited 

hospitals that see 500 or more new cases per year and participate in postgraduate medical 

education in at least four areas. All other facilities were categorized as non-academic 

facilities. Residence in metropolitan or non-metropolitan counties was classified based on 

United States Department of Agriculture rural-urban continuum codes (23).

Univariate and multivariate logistic regression analyses were performed for variables 

associated with receipt of adjuvant treatment. The covariates in the analysis included age 

(<60, 60–69, and ≥70 years), stage (IB, II), surgical lymph node assessment (examined vs. 

not examined), race and ethnicity (non-Hispanic white, African-American, Hispanic, Asian, 

and other), median household income (<$38,000, $38,000-$47,999, $48,000-$62,999, and ≥

$63,000), insurance status (private, Medicare, Medicaid, and none), facility type (academic 

vs. non-academic), distance to treatment facility (<10 miles, 10–30 miles, and >30 miles), 

and county of residence (metropolitan vs. non-metropolitan). Distance categories were 
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chosen based on median (11 miles) and 75% percentile (30 miles) travel distances. Travel 

distance to treatment facility was plotted against the probability of receiving adjuvant RT or 

the probability of receiving a specific modality of RT (e.g., external-beam radiation, 

brachytherapy). Multivariate Cox proportional hazards regression model was performed to 

identify factors associated with survival outcomes. A two-sided p value of less than 0.05 was 

considered significant. All analyses were performed using R software 3.5.2 package.

RESULTS

Patient characteristics

A total of 27,498 patients met the inclusion criteria for the study (Figure 1). Patients were 

further excluded from this cohort for undetermined cell/histology type (n=989), receiving 

adjuvant chemotherapy (n=2,133), use of unconventional radioisotopes (I-131, P-32, or 

Sr-89/90) or unknown if received adjuvant RT (n=485), unknown follow-up time (n=2,954), 

death within 30 days after surgery or unknown status (n=508), and missing or unknown 

values (n=835). The final analysis included 19,594 patients.

The median age of the cohort was 68 years; 14% of patients were younger than 60 years of 

age and 44% were 70 years of age or older (Table 1). The majority of the patients had stage 

IB disease (74%); the remaining patients had stage II disease (26%). Surgical lymph node 

assessment was performed in 82% of the patients. Patients in this cohort exhibited diverse 

socioeconomic backgrounds. Annual household income levels ranged from less than 

$38,000 for 16% of patients to more than $63,000 for 32% of patients. The majority of 

patients (59%) had Medicare insurance; 35% had private insurance and 3% were uninsured. 

Thirty-eight percent of patients were treated at academic hospitals, and 62% were treated at 

non-academic hospitals.

Receipt of adjuvant RT

Of the 19,594 patients in the analysis, 9,171 (47%) did not receive any adjuvant RT and 

10,423 (53%) did. Among patients who received adjuvant RT, 5,081 (49%) received 

brachytherapy alone and 5,342 (51%) received external-beam radiation.

Factors associated with omission of adjuvant therapy

Multivariate analysis of racial/ethnic, demographic, and socioeconomic factors revealed 

disparities in the care of patients with early-stage, high-risk endometrial cancer (Figure 2). 

Omission of adjuvant RT was more prevalent among African-American, Hispanic, and 

Asian patients compared to non-Hispanic white patients (OR 0.79, 95% CI: 0.69–0.91; OR 

0.75, 95% CI: 0.64–0.87, and OR 0.75, 95% CI: 0.60–0.94, respectively). Similarly, 

adjuvant RT was more likely to be omitted for patients with the lowest household income 

level (<$38,000) compared to the highest income level (≥$63,000) (OR 0.83, 95% CI: 0.76–

0.91) and for those with no insurance compared to those with private insurance (OR 0.79, 

95% CI: 0.65–0.94). Treatment at a non-academic center compared to academic center also 

correlated with a higher rate of adjuvant RT omission (OR 0.80, 95% CI: 0.75–0.85).
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Distance from treatment facility was inversely correlated with the likelihood of receiving 

adjuvant RT. Median travel distance to a treatment facility was 11 miles, and 75% of patients 

lived within 30 miles from a treatment facility. Patients who lived more than 30 miles away 

from a treatment facility were significantly less likely to receive adjuvant RT than patients 

who lived less than 10 miles from a treatment facility (OR 0.47, 95% CI: 0.43–0.51). On 

further analysis, the majority (>50%) of patients received adjuvant RT if their travel distance 

to a treatment facility was less than 37 miles (Figure 3A). The decline in the receipt of 

adjuvant RT based on distance was only seen in those receiving external-beam radiation and 

not those receiving brachytherapy (Figure 3B). Residence in a metropolitan county 

compared to a non-metropolitan county was associated with a higher likelihood of adjuvant 

RT omission (OR 0.81, 95% CI: 0.74–0.88 ).

When the multivariate analysis was limited to patients who underwent surgical lymph node 

assessment (83% of the cohort), similar results were observed (Supplement Figure 1). When 

the multivariate analysis was limited to patients who had no comorbid conditions (Charlson 

Deyo score of 0), we observed similar significance in associations between existing 

variables and omission of radiation (Supplemental Figure 2).

Factors associated with overall survival

Five-year and ten-year overall survival (OS) rates for the entire cohort were 79.6% and 

55.8%, respectively. The median OS for the entire cohort was not reached.

In the Cox proportional hazards model, African-American race was independently 

associated with worse survival (HR 1.28, 95% CI: 1.12–1.45, p<0.001). Patients with a 

household income <$38,000 had worse survival than those with higher income levels (HR 

1.33, 95% CI: 1.2–1.47, p<0.001). Type of insurance also correlated with outcome. Patients 

with Medicare (HR 1.35, 95% CI: 1.23–1.47, p<0.001) or Medicaid insurance (HR 1.62, 

95% CI: 1.33–1.97 p<0.001) had worse survival than those with private insurance. The 

omission of adjuvant RT adversely influenced survival on univariate analysis (5-year OS 

rate: 76.5% vs. 82.1%, p<0.001) as well as multivariate analysis (HR 1.43, 95% CI: 1.34–

1.52, p<0.001) (Figure 4). When the analysis was limited to patients who underwent surgical 

lymph node assessment (83% of the population), similar results were observed (Supplement 

Figure 3). When the study cohort was restricted to patients without comorbidity (Charlson 

Deyo score of 0), omission of adjuvant radiation remained associated with worse OS (HR 

1.39, 95% CI: 1.28–1.50, p<0.001) (Supplemental Figure 4).

DISCUSSION

ASCO and ASTRO evidence-based guidelines include strong recommendations for adjuvant 

RT in patients with early-stage endometroid endometrial cancer with high-risk features (10, 

11). In this study of early-stage, high-risk endometrioid endometrial cancer, in which we 

included patients at the highest risk of recurrence (stage IB, grade 1, 2 disease and age ≥60 

years; stage IB, grade 3 disease; and stage II disease), we found that a significant proportion 

(47%) of patients did not receive RT. This study also unveiled large disparities in access to 

adjuvant RT based on race and ethnicity, income, insurance status, type of medical practice, 

distance to treatment facilities, and location of residence.

Luo et al. Page 5

Gynecol Oncol. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Our study found African-American patients were 21% less likely, and Hispanic and Asian 

patients were 25% less likely, to receive adjuvant RT compared to non-Hispanic white 

patients. Racial disparities in receipt of care have been well documented in endometrial 

cancer (24–30). However, it was often explained away by the observation that African-

American women compared to white women were more likely to present with advanced 

disease, have disease of aggressive histology such as serous or carcinosarcoma, and were 

less likely to undergo surgical treatment (24, 31). In the current study, we limited our 

analysis to early-stage disease, excluding serous, carcinosarcoma, and clear cell histologies, 

and all patients underwent hysterectomy. In contrast, when patients are enrolled in a 

prospective observational study such as NRG Oncology/GOG 210, for which adherence to 

guidelines is required, disparities in the receipt of adjuvant RT by race vanish (27). A 

patient’s socioeconomic status was another factor associated with receipt of RT. In our study, 

patients with a household income of less than $38,000 were 17% less likely to receive 

adjuvant RT than patients with an annual income of more than $63,000. In addition, 

uninsured patients were 28% less likely to receive adjuvant RT than patients with private 

insurance.

We also found travel distance to treatment facilities and lack of access to an academic 

institution as strong predictors of omission of adjuvant RT. Patients who had received their 

treatment at non-academic facilities were 20% less likely to receive RT than patients with 

access to academic facilities. Patients traveling farther than 30 miles to treatment were 53% 

less likely to receive adjuvant RT compared to patients traveling less than 10 miles. The 

association between lack of access to academic facilities or longer travel distance and 

decreased likelihood of receiving RT treatment has been shown in other types of cancer, 

including breast and prostate cancers (20, 32, 33). It is worth noting that while the average 

travel distance to a treatment facility for metropolitan residents in our study was 9 miles 

compared to 44 miles for non-metropolitan residents, metropolitan residents were 19% less 

likely to receive adjuvant RT. Such a paradoxical observation, where urban patients report 

distance as a barrier to care more often than rural patients (34), can be explained by 

transportation mode. Urban residents must rely on public transportation while rural residents 

have increased access to private cars (4).

The omission of adjuvant RT was independently associated with worse OS (HR 1.43, 

p<0.001). While the aim of this study was not to revisit the question of whether or not 

adjuvant RT impacts OS in endometrial cancer, it is worth noting that the patients included 

in this study were those at highest risk of relapse for early-stage endometrioid 

adenocarcinoma of the uterus. Furthermore, there have not been any randomized trials 

comparing surgery alone to surgery plus adjuvant RT in such a high-risk patient population. 

African-American race was also independently associated with worse survival (HR 1.28, 

p<0.001). Investigators have pointed out that African-American patients with endometrial 

cancer are more likely to develop recurrence irrespective of treatments received, pointing 

towards the need for a better understanding of the biology of endometrial cancer in African-

American patients (35). While this is true, it does not negate the fact that these same patients 

should be receiving more adjuvant therapy, not less. In addition, income <$38,000 (HR 1.33, 

p<0.001) and Medicare (HR 1.35, p<0.001) or Medicaid insurance (HR 1.62, p<0.001) were 

associated with worse survival. Some of the factors associated with adjuvant RT omission 
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did not independently influence OS, most likely because socioeconomic status is intimately 

intertwined with race and ethnicity and a major barrier of access to appropriate care (24, 36).

In this study cohort, a subset of patients (17%) did not undergo surgical lymph node 

assessment. These patients were included in this study because they reflect the enrollment 

criteria of published randomized trials that looked at the efficacy of adjuvant RT (12, 13) and 

practice patterns in the general community. To limit any potential confounding influence of 

lack of surgical lymph node assessment on our results, we performed the same multivariate 

logistic regression analysis and Cox proportional hazards ratio analysis on patients who 

underwent surgical lymph nodal assessment (83% of the cohort). This yielded the same 

results in terms of factors associated with the omission of adjuvant RT and factors associated 

with worse OS.

This study is not without its limitations. It is retrospective in nature and subject to patient 

selection bias. We attempted to account for as many relevant variables as possible in our 

multivariable analysis. However, studies evaluating adherence to national guidelines can 

only be gleaned from data collected from entities such as the NCDB. Also, given NCDB is a 

hospital-based registry and may not completely capture outpatient radiation records, it may 

be subject to ascertainment bias. Prior reports have estimated 10–30% under-ascertainment 

of radiation receipt in Surveillance, Epidemiology, and End Results (SEER) registries (37, 

38). To our knowledge, the extent of ascertainment bias in NCDB studies is unknown. A 

potential source of underreporting could be miscoding of radiotherapy excluded in our study, 

such as unconventional isotopes and chemotherapy. And with an adjuvant RT omission rate 

as high as 47%, a 10–30% rate of underreporting would not fully explain the high rate of 

omission noted, nor would it account for the significant correlation with socioeconomic 

factors and worse survival.

CONCLUSION

Adjuvant RT was omitted in a significant proportion of patients with high-risk, early-stage 

endometrial cancer. Such omission was associated with racial and ethnic minorities, lower 

income, poor access to academic facilities, and farther distance to treatment facilities. 

Omission of adjuvant RT was associated with worse survival, which underscores the 

importance of identifying the barriers to care access and improve adherence to national 

guidelines.
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Highlights

• Socioeconomic inequalities are consistent barriers to appropriate, high-quality 

cancer care

• 47% of those with high-risk, early-stage endometrial cancer did not receive 

guideline-indicated adjuvant radiation therapy

• Factors associated with this omission include low income, lack of health 

insurance, and area of residence
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Figure 1. 
CONSORT diagram
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Figure 2. 
Multivariable logistic regression analysis of factors associated with the receipt of adjuvant 

radiation. Odds ratios with 95% confidence intervals were plotted with the reference groups 

listed at the top of each variable category. LN: lymph node.
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Figure 3. 
Association of distance to facility and percentage of patients receiving adjuvant radiation 

(A) and percentage of patients receiving either brachytherapy or external-beam radiation 

(pelvic RT) (B). RT: radiation therapy. The 95% confidence intervals of fitted curves are 

represented by the shaded areas.
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Figure 4. 
Cox proportional hazards ratio of mortality according to baseline covariates. LN: lymph 

node. RT: radiation therapy.
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Table 1.

Comparison of baseline variables between patients who did not receive radiation therapy (No RT) and those 

who received adjuvant radiation (RT)

RT (N=10423) No RT (N=9171) p value Total (N=19594)

Age <0.001

 <60 1900 (18.2%) 870 (9.5%) 2770 (14.1%)

 60–69 4449 (42.7%) 3732 (40.7%) 8181 (41.8%)

 >70 4074 (39.1%) 4569 (49.8%) 8643 (44.1%)

Charlson Deyo Score <0.001

 0 7855 (75.4%) 6506 (70.9%) 14361 (73.3%)

 1 2135 (20.5%) 2085 (22.7%) 4220 (21.5%)

 2+ 433 (4.2%) 580 (6.3%) 1013 (5.2%)

Disease Stage <0.001

 IB 7023 (67.4%) 7495 (81.7%) 14518 (74.1%)

 II 3400 (32.6%) 1676 (18.3%) 5076 (25.9%)

Grade <0.001

 1 3381 (32.4%) 3753 (40.9%) 7134 (36.4%)

 2 4562 (43.8%) 3752 (40.9%) 8314 (42.4%)

 3 2480 (23.8%) 1666 (18.2%) 4146 (21.2%)

LN Assessment <0.001

 LN Examined 8628 (82.8%) 7389 (80.6%) 16017 (81.7%)

 LN Not Examined 1795 (17.2%) 1782 (19.4%) 3577 (18.3%)

Race and Ethnicity 0.113

 Non-Hispanic White 9108 (87.4%) 7955 (86.7%) 17063 (87.1%)

 African-American 566 (5.4%) 481 (5.2%) 1047 (5.3%)

 Hispanic 397 (3.8%) 378 (4.1%) 775 (4.0%)

 Asian 172 (1.7%) 155 (1.7%) 327 (1.7%)

 Others 180 (1.7%) 202 (2.2%) 382 (1.9%)

Distance (miles) <0.001

 <10 5217 (50.1%) 3830 (41.8%) 9047 (46.2%)

 10–30 3124 (30.0%) 2624 (28.6%) 5748 (29.3%)

 >30 2082 (20.0%) 2717 (29.6%) 4799 (24.5%)

Insurance Type <0.001

 Private 4041 (38.8%) 2854 (31.1%) 6895 (35.2%)

 Medicare 5719 (54.9%) 5828 (63.5%) 11547 (58.9%)

 Medicaid 372 (3.6%) 245 (2.7%) 617 (3.1%)

 No insurance 291 (2.8%) 244 (2.7%) 535 (2.7%)

Facility <0.001

 Academic 4119 (39.5%) 3299 (36.0%) 7418 (37.9%)

 Non-academic 6304 (60.5%) 5872 (64.0%) 12176 (62.1%)

Median Household Income <0.001

 >$63,000 3550 (34.1%) 2766 (30.2%) 6316 (32.2%)
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RT (N=10423) No RT (N=9171) p value Total (N=19594)

 $48,000–$62,999 2903 (27.9%) 2521 (27.5%) 5424 (27.7%)

 $38,000–$47,999 2470 (23.7%) 2342 (25.5%) 4812 (24.6%)

 <$38,000 1500 (14.4%) 1542 (16.8%) 3042 (15.5%)

Area of Residence <0.001

 Non-Metro 1919 (18.4%) 1971 (21.5%) 3890 (19.9%)

 Metropolitan 8504 (81.6%) 7200 (78.5%) 15704 (80.1%)

p value represents univariate logistic regression analysis of each variable and its association with receipt of radiation. RT: radiation therapy. LN: 
lymph node.

Gynecol Oncol. Author manuscript; available in PMC 2022 May 01.


	Abstract
	INTRODUCTION
	METHODS
	Data source
	Study population
	Statistical analyses

	RESULTS
	Patient characteristics
	Receipt of adjuvant RT
	Factors associated with omission of adjuvant therapy
	Factors associated with overall survival

	DISCUSSION
	CONCLUSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1.

