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• Stages III–IVA endometrioid patients had a 5% absolute 5-year survival increase with pelvic EBRT added to chemotherapy.
• Stages III–IVA non-endometrioid patients had a 9% absolute 5-year survival increase with pelvic EBRT added to chemotherapy.
• Within endometrioid patients, stage IIIC2 had a significant survival benefit with EBRT.
• Within non-endometrioid patients, stages IIIB–C had a significant survival benefit with EBRT.
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Objectives. To determine which patients with locoregionally advanced endometrial cancer may benefit from
pelvic external beam radiotherapy (EBRT) in addition to chemotherapy compared to chemotherapy alone.

Methods. Patients with FIGO stages III–IVA endometrial carcinoma between 2004 and 2016 who underwent
at least total hysterectomy and adjuvant multiagent chemotherapy were identified in the National Cancer Data-
base. The primary outcome was overall survival according to receipt of pelvic EBRT, analyzed using the Kaplan-
Meier method and Cox multivariable regression.

Results. In total, 13,270 patients were identified (62% pure endometrioid, 38% serous/clear cell or mixed his-
tology; 22.6% stage IIIA, 4.7% stage IIIB, 71.2% stage IIIC, 1.5% stage IVA), of whom 40% received pelvic EBRT. In
univariable analysis, EBRT was associated with absolute 5-year survival increases of 5% and 9% in the
endometrioid and non-endometrioid cohorts, respectively (P b 0.0001). In multivariable analyses stratified by
stage and histology, patients with a significant benefit fromEBRTwere stage IIIC (specifically IIIC2) endometrioid
(adjusted hazard ratio [HR] 0.73, P=0.01) and stages IIIB and IIIC non-endometrioid (adjustedHR 0.52, P=0.01
and adjusted HR 0.79, P b 0.0001). The benefit of EBRT in node-positive patients persisted in those who
underwent more extensive lymphadenectomy.

Conclusions. Stages III–IVA endometrial cancer comprised a heterogeneous population with respect to the
added benefit of radiotherapy compared to chemotherapy alone. Patients with stage IIIC2 endometrioid and
stages IIIB–C non-endometrioid cancer may be most likely to benefit from pelvic EBRT.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

In the United States, endometrial cancer is the most common gyne-
cological malignancy [1]. While a minority of patients (5–10%) present
with locoregionally advanced (stages III–IVA) disease, the survival out-
comes for these patients is substantially worse compared to patients
tion Oncology Program Leader,
ates of America.
with earlier-stage disease [2]. Prior series have found high rates of dis-
tant recurrence after pelvic external beam radiotherapy (EBRT) alone;
conversely, patients treated with chemotherapy alone have high rates
of pelvic relapse [3–6]. These differing patterns of failure have prompted
investigations evaluating combined modality treatment.

Previously, retrospective studies have reported a benefit for com-
bined modality treatment compared to chemotherapy alone or EBRT
alone [7–14]. Recent results from the PORTEC-3 trial demonstrated a
significant failure-free survival benefit in stage III patients treated with
chemoradiotherapy followed by additional chemotherapy compared
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to EBRT alone, which has firmly established the role of chemotherapy in
this population [15]. However, results from GOG-258 did not find a sig-
nificant benefit to combined modality treatment compared to chemo-
therapy alone, which has led to uncertainty as to which patients with
locoregionally advanced disease, if any, should receive EBRT [16].

As the optimal postoperative approach to locoregionally advanced
endometrial cancer remains controversial [17,18], we conducted a na-
tional cancer registry study of patients with stages III-IVA disease
treated with adjuvant chemotherapy alone or chemotherapy with pel-
vic EBRT.We hypothesized that such patientsmay comprise a heteroge-
neous population, and that certain subgroups, as stratified by stage and/
or histology,may bemore likely to derive a survival benefit from the ad-
dition of EBRT to chemotherapy.

2. Methods and materials

2.1. Data source

The National Cancer Database (NCDB) is a registry sponsored by the
American College of Surgeons and the American Cancer Society that
captures 70% of all incident cancers in the United States. The NCDB
was utilized given its large sample size, availability of chemotherapy
and radiation therapy, and comprehensive pathological data. Reporting
facilities are Commission on Cancer-accredited, required to have at least
90% patient follow-up over 5 years, and subject to periodic audits [19].
All data were de-identified. This study was deemed exempt by the uni-
versity institutional review board. Our results have not been verified by
the NCDB, and the NCDB is not responsible for the statistical validity of
our conclusions.

2.2. Cohort inclusion and exclusion criteria

Adults with endometrial carcinoma of pure endometrioid, serous,
clear cell, or mixed epithelial histology (histological codes 8380-8383,
8440, 8441, 8460, 8461, 8005, 8310, 8323, 8255) diagnosed 2004–2016
were identified in the NCDB. All patients had at least total hysterectomy
within 6 months of diagnosis and available pathological tumor and
nodal staging. Patients staged under the previous (FIGO 1988) system
(i.e., prior to 2010)were converted to themodern (FIGO 2009) stage. Pa-
tients with stage IIIA disease according to the previous staging system
solely for positive peritoneal cytology were excluded as their modern
tumor stage could not be determined. Patients with stages III-IVA disease
were selected. All patients received adjuvant multiagent (combination)
chemotherapy and no preoperative chemotherapy or radiation. Patients
Fig. 1. Cohort identification algorithm. NCDB, National Cancer Database; EBRT, external
beam radiation.
missing follow-up or vital status data were excluded. Fig. 1 summarizes
the cohort identification procedure.

2.3. Study variables, outcomes, and statistical analyses

Pelvic external beam radiotherapy (EBRT) was determined as re-
ceipt of EBRT to a regional dose of 40–50.4Gy and treatment volumede-
noted as encompassing the pelvis or uterine bed. Brachytherapy boost
was considered as a separate variable in the multivariable analyses. All
other study variables were obtained directly from the NCDB and were
selected based on clinical judgment of factors thatmay potentially influ-
ence overall survival, the decision to treat with radiation, and/or the ef-
ficacy of radiation. Baseline characteristics were compared using the
chi-squared test or Wilcoxon rank-sum test.

The primary outcome was overall survival; the NCDB does not pro-
vide data related to relapse or recurrence. To address immortal time
bias, all patients were required to have at least 6 months of follow-up.
For univariable analyses, overall survival was estimated using the
Kaplan-Meier method and compared using the log-rank test. For multi-
variable analyses, Cox regression was performed to incorporate and ad-
just for all study variables (listed in Tables 1–2), including age,
comorbidity, race, and a variety of other patient, pathological, and surgi-
cal factors.MATLAB version R2018b (MathWorks, Inc.; Natick,MA, USA)
was used for calculations. All tests were two-sided, and 0.05 was the
threshold for statistical significance.

3. Results

In total, 13,270 patients were identified with stages III-IVA endome-
trial cancer (Fig. 1): 62% were pure endometrioid histology, and the re-
mainder were serous/clear cell or mixed histology. Overall, 22.6% were
stage IIIA, 4.7% were stage IIIB, 71.2% were stage IIIC, and 1.5% were
stage IVA; 40% received pelvic external beam radiotherapy (EBRT). In
patients who had at least 1 lymph node removed (96.7%), the median
number of nodes dissected was 15. In patients known to have had at
least 1 para-aortic lymph node removed (48.7%), the median number
of para-aortic nodes dissected was 4. The median number of days
from surgery to initiation of chemotherapy was 40 for both chemother-
apy alone and chemotherapy with pelvic EBRT. Median follow-up was
3.7 years in living patients.

3.1. Endometrioid cohort

Table 1 displays baseline characteristics of the endometrioid cohort (n
=8222), ofwhich4676 (57%) receivedadjuvant chemotherapyalone, and
3546 (43%) received adjuvant chemotherapy with pelvic EBRT.

In univariable analysis, treatment with EBRT in addition to chemo-
therapy was associated with a 5% absolute increase in 5-year overall
survival compared to adjuvant chemotherapy alone (77% vs 72%, P b

0.0001; Fig. 2A). Similarly, in multivariable analysis, EBRT had a modest
but statistically significant survival benefit (adjusted HR for death: 0.86,
95% confidence interval [CI] 0.78–0.95, P=0.003; Table 1). Other signif-
icant variables associated with increased survival were receipt of
brachytherapy and higher number of lymph nodes removed, while var-
iables associatedwith decreased survival included increasing age, stage,
grade, and positive surgical margins (Table 1).

Interestingly, on subgroup analysis stratified by stage, there was
substantial heterogeneity in the benefit of EBRT (Fig. 2B and Supple-
mental Table S1). EBRTwasnot associatedwith a significant survival ad-
vantage in patientswith stages IIIA, IIIB, or IVA endometrioid carcinoma.
The benefit of EBRTwas only observed in stage IIIC, and specifically IIIC2
(adjusted HR 0.73, 95% CI 0.57–0.93, P = 0.01; Fig. 2B). Within stage
IIIC2, the benefit of EBRT persisted in subgroup analysis of patients
with N15 lymph nodes removed (adjusted HR 0.65, 95% CI 0.46–0.90,
P = 0.01) or with at least 5 para-aortic nodes removed (adjusted HR
0.56, 95% CI 0.39–0.81, P = 0.002).



Table 1
Baseline characteristics and predictors of overall survival in the endometrioid cohort. EBRT, external beam radiotherapy; NOS, not otherwise specified; IQR, interquartile range; HR, hazard
ratio; CI, confidence interval.

Baseline characteristics Cox regression

Chemo Chemo and EBRT P Adjusted HR (95% CI) P

Received EBRT
No 4676 (100%) 0 (0%) N/A 1 –
Yes 0 (0%) 3546 (100%) 0.86 (0.78–0.95) 0.003

Received brachytherapy
No 3352 (72%) 2164 (61%) b0.0001 1 –
Yes 1324 (28%) 1382 (39%) 0.79 (0.71–0.87) b0.0001

Age Median 60 (IQR 53–67) Median 60 (IQR 54–67) 0.23 1.03 (1.03–1.04) per year b0.0001
Facility type

Non-academic 2524 (54%) 2204 (62%) b0.0001 1 –
Academic 2152 (46%) 1342 (38%) 0.93 (0.84–1.02) 0.12

Geographic region
Northeast 1072 (23%) 827 (23%) 0.002 1 –
South 1405 (30%) 934 (26%) 1.27 (1.11–1.46) 0.0004
East north central 909 (19%) 739 (21%) 1.16 (1.01–1.34) 0.042
West north central 514 (11%) 385 (11%) 1.30 (1.10–1.55) 0.002
Mountain/Pacific 776 (17%) 661 (19%) 1.21 (1.04–1.42) 0.015

Race
White 4059 (87%) 3124 (88%) 0.08 1 –
Non-white 617 (13%) 422 (12%) 1.14 (1.00–1.31) 0.056

Insurance status
Private 2483 (53%) 1975 (56%) 0.019 1 –
Other 2193 (47%) 1571 (44%) 1.25 (1.12–1.39) b0.0001

Household income
Above national median 2859 (61%) 2206 (62%) 0.32 1 –
Below national median 1817 (39%) 1340 (38%) 1.08 (0.98–1.19) 0.12

Charlson comorbidity score
0 (no comorbidity) 3524 (75%) 2766 (78%) 0.0006 1 –
1 (mild) 914 (20%) 657 (19%) 1.13 (1.01–1.27) 0.038
≥2 (increased) 238 (5%) 123 (3%) 1.46 (1.20–1.77) 0.0002

Pathological tumor stage
T1 1715 (37%) 1517 (43%) b0.0001 1 –
T2 552 (12%) 485 (14%) 1.64 (1.41–1.90) b0.0001
T3 2324 (50%) 1528 (43%) 2.19 (1.92–2.50) b0.0001
T4 85 (2%) 16 (0%) 3.01 (2.10–4.31) b0.0001

Pathological nodal stage
N0 1576 (34%) 954 (27%) b0.0001 1 –
N1 (pelvic) 1509 (32%) 1470 (41%) 1.87 (1.60–2.19) b0.0001
N2 (para-aortic) 838 (18%) 612 (17%) 2.14 (1.80–2.56) b0.0001
Node-positive, NOS 753 (16%) 510 (14%) 2.17 (1.80–2.62) b0.0001

Grade
1 898 (19%) 674 (19%) 0.004 1 –
2 1650 (35%) 1301 (37%) 1.51 (1.28–1.79) b0.0001
3 1435 (31%) 974 (27%) 2.51 (2.13–2.97) b0.0001
Unknown 693 (15%) 597 (17%) 1.84 (1.51–2.24) b0.0001

Lymphovascular invasion
Absent 1269 (27%) 934 (26%) b0.0001 1 –
Present 1963 (42%) 1676 (47%) 1.41 (1.23–1.62) b0.0001
Unknown 1444 (31%) 936 (26%) 0.98 (0.80–1.20) 0.82

Peritoneal cytology
Negative 3783 (81%) 2940 (83%) 0.007 1 –
Positive 590 (13%) 432 (12%) 1.15 (1.00–1.33) 0.057
Unknown 303 (6%) 174 (5%) 1.03 (0.86–1.25) 0.72

Extent of lymphadenectomy
None or unspecified 1260 (27%) 780 (22%) b0.0001 1 –
Pelvic only 1274 (27%) 1049 (30%) 0.81 (0.65–1.01) 0.056
Pelvic and para-aortic 2142 (46%) 1717 (48%) 0.75 (0.60–0.93) 0.01

Lymph nodes removed
b5 or unspecified 764 (16%) 492 (14%) 0.007 1 –
5–15 1779 (38%) 1413 (40%) 0.72 (0.63–0.82) b0.0001
N15 2133 (46%) 1641 (46%) 0.64 (0.56–0.74) b0.0001

Surgical margin status
Negative 3776 (81%) 2941 (83%) 0.029 1 –
Positive 394 (8%) 252 (7%) 1.38 (1.19–1.59) b0.0001
Unknown 506 (11%) 353 (10%) 1.13 (0.97–1.30) 0.11

Surgical approach
Open or unknown 2876 (62%) 2139 (60%) 0.28 1 –
Laparoscopic 1800 (38%) 1407 (40%) 0.89 (0.80–1.01) 0.063
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3.2. Non-endometrioid cohort

In the non-endometrioid cohort (n = 5048), 51.7% were se-
rous, 9.2% were clear cell, and 39.1% were mixed histology. The
majority of patients with mixed histology had N50% non-
endometrioid/non-squamous histology (Supplemental Fig. S1).
Table 2 displays baseline characteristics of the non-endometrioid
cohort, of which 3283 (65%) received adjuvant chemotherapy



Table 2
Baseline characteristics and predictors of overall survival in the non-endometrioid cohort. EBRT, external beam radiotherapy; NOS, not otherwise specified; IQR, interquartile range; HR,
hazard ratio; CI, confidence interval.

Baseline characteristics Cox regression

Chemo Chemo and EBRT P Adjusted HR (95% CI) P

Received EBRT
No 3283 (100%) 0 (0%) N/A 1 –
Yes 0 (0%) 1765 (100%) 0.80 (0.73–0.88) b0.0001

Received brachytherapy
No 2437 (74%) 1035 (59%) b0.0001 1 –
Yes 846 (26%) 730 (41%) 0.89 (0.81–0.98) 0.02

Age Median 66 (IQR 60–72) Median 64 (IQR 59–70) b0.0001 1.03 (1.02–1.03) per year b0.0001
Facility type

Non-academic 1611 (49%) 1080 (61%) b0.0001 1 –
Academic 1672 (51%) 685 (39%) 1.00 (0.91–1.09) 0.98

Geographic region
Northeast 861 (26%) 450 (25%) b0.0001 1 –
South 1092 (33%) 518 (29%) 1.05 (0.93–1.18) 0.42
East north central 535 (16%) 381 (22%) 0.99 (0.87–1.14) 0.93
West north central 362 (11%) 127 (7%) 1.08 (0.92–1.27) 0.33
Mountain/Pacific 433 (13%) 289 (16%) 1.05 (0.91–1.22) 0.52

Race
White 2491 (76%) 1388 (79%) 0.026 1 –
Non-white 792 (24%) 377 (21%) 1.14 (1.03–1.27) 0.011

Insurance status
Private 1305 (40%) 793 (45%) 0.0004 1 –
Other 1978 (60%) 972 (55%) 1.05 (0.95–1.17) 0.33

Household income
Above national median 1909 (58%) 1068 (61%) 0.1 1 –
Below national median 1374 (42%) 697 (39%) 1.09 (1.00–1.20) 0.051

Charlson comorbidity score
0 (no comorbidity) 2407 (73%) 1326 (75%) 0.28 1 –
1 (mild) 711 (22%) 364 (21%) 1.09 (0.98–1.21) 0.12
≥2 (increased) 165 (5%) 75 (4%) 1.17 (0.97–1.42) 0.1

Pathological tumor stage
T1 984 (30%) 662 (38%) b0.0001 1 –
T2 465 (14%) 284 (16%) 1.67 (1.46–1.91) b0.0001
T3 1754 (53%) 807 (46%) 1.71 (1.51–1.93) b0.0001
T4 80 (2%) 12 (1%) 1.92 (1.40–2.64) b0.0001

Pathological nodal stage
N0 903 (28%) 373 (21%) b0.0001 1 –
N1 (pelvic) 1017 (31%) 699 (40%) 1.65 (1.41–1.93) b0.0001
N2 (para-aortic) 849 (26%) 452 (26%) 1.83 (1.55–2.16) b0.0001
Node-positive, NOS 514 (16%) 241 (14%) 1.47 (1.23–1.77) b0.0001

Histological category
Serous 1787 (54%) 820 (46%) b0.0001 1 –
Clear cell 311 (9%) 154 (9%) 1.01 (0.87–1.17) 0.88
Mixed histology 1185 (36%) 791 (45%) 0.73 (0.66–0.80) b0.0001

Lymphovascular invasion
Absent 739 (23%) 411 (23%) 0.01 1 –
Present 1626 (50%) 930 (53%) 1.39 (1.22–1.59) b0.0001
Unknown 918 (28%) 424 (24%) 1.36 (1.12–1.65) 0.002

Peritoneal cytology
Negative 2516 (77%) 1421 (81%) 0.001 1 –
Positive 607 (18%) 288 (16%) 1.34 (1.19–1.51) b0.0001
Unknown 160 (5%) 56 (3%) 1.04 (0.84–1.29) 0.7

Extent of lymphadenectomy
None or unspecified 839 (26%) 346 (20%) b0.0001 1 –
Pelvic only 816 (25%) 444 (25%) 0.87 (0.70–1.08) 0.22
Pelvic and para-aortic 1628 (50%) 975 (55%) 0.85 (0.68–1.06) 0.14

Lymph nodes removed
b5 or unspecified 566 (17%) 223 (13%) b0.0001 1 –
5–15 1251 (38%) 714 (40%) 0.92 (0.81–1.04) 0.2
N15 1466 (45%) 828 (47%) 0.80 (0.70–0.91) 0.0008

Surgical margin status
Negative 2574 (78%) 1412 (80%) 0.036 1 –
Positive 361 (11%) 154 (9%) 1.54 (1.35–1.75) b0.0001
Unknown 348 (11%) 199 (11%) 0.99 (0.86–1.14) 0.9

Surgical approach
Open or unknown 2089 (64%) 1074 (61%) 0.051 1 –
Laparoscopic 1194 (36%) 691 (39%) 0.95 (0.86–1.06) 0.36
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alone, and 1765 (35%) received adjuvant chemotherapy with pel-
vic EBRT.

Survival was substantially lower in the non-endometrioid cohort
compared to the endometrioid cohort. In univariable analysis,
treatment with EBRT in addition to chemotherapy was associated
with a 9% absolute increase in 5-year overall survival compared to adju-
vant chemotherapy alone (57% vs 48%, P b 0.0001; Fig. 3A). Inmultivar-
iable analysis, EBRT also had a significant survival benefit (adjusted HR



Fig. 2. Adjuvant external beam radiotherapy (EBRT) and chemotherapy versus chemotherapy alone in stages III–IVA endometrioid carcinoma. A) Overall survival according to receipt of
EBRT. B) Forest plot of hazard ratios (HR) for treatmentwith EBRT according to disease stage. HRswere adjusted for the samevariables as in Table 1. Sizes of themarkers are proportional to
relative sample sizes.
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0.80, 95% CI 0.73–0.88, P b 0.0001). Significant variables associated with
decreased survival included increasing age, stage, lymphovascular inva-
sion, positive peritoneal cytology, and positive surgical margins
(Table 2).

On subgroup analysis, stages IIIB and IIIC (including both IIIC1 and
IIIC2), but not IIIA or IVA, had significantly improved survival with
EBRT (Fig. 3B and Supplemental Table S2).Within stage IIIC1, the bene-
fit of EBRT persisted in subgroup analysis of patients with N15 lymph
nodes removed (adjusted HR 0.71, 95% CI 0.53–0.95, P = 0.02). Within
stage IIIC2, the benefit of EBRT persisted in subgroup analysis of patients
with N15 lymph nodes removed (adjusted HR 0.71, 95% CI 0.55–0.92, P
= 0.009) or with at least 5 para-aortic nodes removed (adjusted HR
0.59, 95% CI 0.44–0.78, P = 0.0003).

3.3. Sequencing of chemotherapy and radiation

Across all patients treated with EBRT, radiation was initiated
N14 days prior to chemotherapy in 8%, within 14 days of chemotherapy
in 10%, and N14 days after chemotherapy in 82%. A significant benefit of
EBRT persisted irrespective of whether EBRT or chemotherapy was ad-
ministered first in stage IIIC2 endometrioid (adjusted HR 0.50, P =
0.047 and adjusted HR 0.75, P = 0.032, respectively) and in stage IIIC1
non-endometrioid patients (adjusted HR 0.64, P = 0.033 and adjusted
HR 0.65, P b 0.0001, respectively) (Supplemental Table S3). The benefit
of EBRT in stages IIIB and IIIC2 non-endometrioid patients was statisti-
cally significant only in women who received chemotherapy first,
Fig. 3. Adjuvant external beam radiotherapy (EBRT) and chemotherapy versus chemotherapy al
of EBRT. B) Forest plot of hazard ratios (HR) for treatmentwith EBRT according to disease stage. H
to relative sample sizes.
although relatively few patients received radiation first or concurrently
with chemotherapy, resulting inmore limited statistical power (Supple-
mental Table S3).

4. Discussion

In this national study of stages III-IVA endometrial carcinoma, the
addition of pelvic external beam radiotherapy (EBRT) to chemotherapy
was associated with a modest but significant survival benefit. Interest-
ingly, when stratified by stage and histology, the benefit of EBRT was
most evident in stage IIIC2 endometrioid and stages IIIB–C non-
endometrioid patients. Previous studies indicated that removal of at
least 11–20 lymphnodes [20] or N17 nodes [21]was associatedwith im-
proved outcomes; in the current study, the median number of lymph
nodes removed was 15. The survival benefit of EBRT in node-positive
patients persisted in those with N15 lymph nodes removed or at least
5 para-aortic lymph nodes removed, suggesting that EBRT was not
merely compensating for less comprehensive lymphadenectomy. Our
findings show that locoregionally advanced endometrial cancer is a het-
erogeneous disease and help to define the subset of patients who may
be most likely to benefit from the addition of EBRT to chemotherapy.

Historically, adjuvant treatment for locoregionally advanced endo-
metrial cancer involved EBRT [22], which resulted in excellent pelvic
control rates of 89–96% [3–5,23–26]. Due to high rates of distant failure
with EBRT alone, adjuvant chemotherapy has been used increasingly.
RTOG 9708was a single-arm phase II study of higher-risk endometrioid
one in stages III–IVA non-endometrioid carcinoma. A) Overall survival according to receipt
Rswere adjusted for the same variables as in Table 2. Sizes of themarkers are proportional
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patients treatedwith adjuvant pelvic EBRT to 45Gywith 2 cycles of con-
current cisplatin, followed by vaginal brachytherapy and 4 additional
cycles of cisplatin/paclitaxel [27]. In stage III patients, the 4-year overall
survival was 77%, similar to the 5-year overall survival of 77% in the
endometrioid cohort treatedwith chemotherapy and EBRT in this study.

Several randomized trials compared EBRT alone versus chemother-
apy alone. In GOG-122, patients with stages III-IVA endometrial carci-
noma were treated with whole-abdominal irradiation (30 Gy in 20
fractions) plus 15 Gy pelvic boost or 7 cycles of doxorubicin/cisplatin
followed by 1 cycle of cisplatin [28]. The radiotherapy arm had less pel-
vic recurrence (13% versus 18%) but more distant recurrence (22% ver-
sus 18%), and the chemotherapy arm had significantly increased
progression-free and overall survival. Limitations of GOG-122 include
its use of low radiotherapy dose per fraction, allowance of up to 2 cm re-
sidual gross disease, and omission of pelvic or para-aortic nodal assess-
ment in 15% and 24% of patients, respectively. An Italian trial of stages I-
II deeply-invasive grade 3 and stage III patients randomly assigned to
EBRT (45–50Gy) or 5 cycles of cyclophosphamide, doxorubicin, and cis-
platin also reported increased distant failure in the EBRT arm and in-
creased locoregional failure in the chemotherapy arm, without
differences in progression-free or overall survival [29].

Given the different patterns of failure observed between EBRT and
chemotherapy, subsequent trials investigated combinedmodality treat-
ment. The landmark PORTEC-3 study included patients with higher-risk
stage I endometrioid, stages II-III endometrioid, and stages I-III serous/
clear cell cancers [15]. Treatment was pelvic EBRT alone (48.6 Gy) ver-
sus EBRT with 2 cycles of concurrent cisplatin followed by 4 cycles of
carboplatin/paclitaxel. In the subgroup of stage III patients, 5-year
failure-free survival was increased with chemoradiotherapy followed
by chemotherapy compared to radiation alone (69% versus 58%), with
a trend toward increased overall survival (79% versus 70%). Patients re-
ceiving chemotherapy experienced fewer pelvic (5% vs 9%) and distant
recurrences (23% versus 30%). These results firmly established the ben-
efit of the addition of chemotherapy to adjuvant radiotherapy in stage III
patients.

The reciprocal question was tested in GOG-258, which included
stages III-IVA (with up to 2 cm postoperative gross residual disease, as
in GOG-122) and stages I–II serous/clear cell patientswith positive peri-
toneal cytology [16]. Nearly all patientswere stage III (97%), and thema-
jority had endometrioid histology (approximately 80%). Treatment was
6 cycles of carboplatin/paclitaxel alone versus pelvic EBRT (45 Gy) with
2 cycles of concurrent cisplatin followed by 4 cycles of carboplatin/pac-
litaxel. Recently published findings from the study demonstrated that
the chemoradiation arm had less vaginal (2% versus 7%) and pelvic/
para-aortic relapses (11% versus 20%), but more distant failures (27%
versus 21%) compared to chemotherapy alone, resulting in a non-
significant improvement in relapse-free survival (HR 0.90, 95% CI
0.74–1.10). The endpoint of overall survival was not yet considered
mature.

As relapse-free survival was not significantly different between
combined modality therapy and chemotherapy alone, the results from
GOG-258have called into question the role of EBRT in locoregionally ad-
vanced endometrial cancer. The increased distant recurrence rate in the
chemoradiation arm of GOG-258 may be due to less planned chemo-
therapy (4 versus 6 cycles of carboplatin/paclitaxel); the low dose of
radiosensitizing cisplatin given concurrently with EBRT would not be
expected to affect systemic control. A prior institutional series also re-
ported more distant failures in patients who received RT and 3–4 cycles
of chemotherapy versus 6 cycles of chemotherapy alone (20% versus
11%) [30]. Furthermore, fewer patients in the chemoradiotherapy arm
completed full treatment (75% versus 85%), perhaps because acute tox-
icities of EBRT impaired delivery of subsequent chemotherapy. Another
possibility is that the later initiation of full-dose systemic therapy in the
EBRT arm led to a delay in the treatment of micrometastatic disease. In-
terestingly, a recentNCDB study found that patients receiving combined
modality treatment had increased survival if chemotherapy was given
prior to RT [7]. In our study, 82% of EBRT patients received chemother-
apy first, indicating widespread use of a chemotherapy-first sequential
(or possibly sandwich) approach.

Furthermore, our finding of an adjusted HR of 0.86 for survival in the
endometrioid cohort with receipt of EBRT is overall consistent with the
HR of 0.90 for (relapse-free) survival reported in GOG-258. The relatively
modest survival benefit of EBRT in this study was only apparent because
of the large sample size afforded by the NCDB. Extrapolating from our re-
sults, a sample size of over 5500 patients would be needed to detect a sig-
nificant benefit for EBRT (with 80% power and an alpha level of 0.05),
which is 8-fold more than the approximately 700 patients treated in
GOG-258. Moreover, we found that the benefit of EBRT for endometrioid
histology was concentrated in stage IIIC, and specifically IIIC2. Given the
adjusted HR of 0.73 in the stage IIIC2 endometrioid subgroup, at least
1100 stage IIIC2 patients would be needed to detect a significant differ-
ence with EBRT, which exceeds the total enrollment of GOG-258.

Interestingly, in a subgroup analysis stratified by stage, GOG-258
similarly found that stage IIIC2-IVA patients (who were nearly all
stage IIIC2) had the largest magnitude of benefit from EBRT with a haz-
ard ratio of 0.73 (closely matching our results), although it was not sta-
tistically significant (95% CI 0.48–1.10), perhaps because stage IIIC2
comprised only approximately 25% of the total patient population
[16]. We observed a somewhat larger benefit for EBRT in non-
endometrioid patients. GOG-258 likewise reported a larger magnitude
of benefit from EBRT for serous and other non-endometrioid histology
compared to endometrioid histology, but they comprised only approx-
imately 20% of the patients in GOG-258, and this was also not statisti-
cally significant. While GOG-258 concluded that there was no
significant heterogeneity of EBRT benefit across stage and histological
subgroups, our analysis suggests that the trial was not adequately
powered for those comparisons.

In the endometrioid cohort, we found that stage IIIC2 but not IIIC1
patients had a significant benefit from EBRT. Precise borders of the RT
fields are not available in the patients who received pelvic EBRT in the
NCDB. Prior studies in stage IIIC patients treated with pelvic EBRT
have found that rates of para-aortic failure may be comparable to
rates of distant failure, suggesting a potential role for extended-field
RT [4,25,26,30]. As patients with a positive para-aortic node receiving
EBRT are frequently treated with extended-field RT that includes the
para-aortic chains [31], the survival benefit of EBRT in stage IIIC2
endometrioid patients may reflect a decreased risk of para-aortic re-
lapse. By contrast, the para-aortic nodes are typically omitted in most
patients with stage IIIC1 disease (unless there is a high common iliac
node involved) to decrease toxicity, which may result in more para-
aortic failures that diminish the benefit of EBRT. Another possibility to
explain the greater benefit of EBRT in stage IIIC2 patients may be their
higher likelihood of microscopic residual disease in the pelvis (e.g., in-
transit lymphatic spread between the primary tumor and the para-
aortic nodes) compared to IIIC1.

Stage IIIA (denoting serosal or adnexal involvement) did not benefit
from EBRT, regardless of histology, even though they represented the
second-largest subgroup (after stage IIIC). Such patients may be more
likely to have occult disease extending to the peritoneal cavity, which
wouldnot be addressed by pelvic EBRT. Their lack of lymphnode or vag-
inal/parametrial involvement may also indicate lower risk of residual
pelvic-localized disease and hence lower potential for EBRT benefit.
Overall, non-endometrioid patients derived more benefit from EBRT,
whichmay be due to their increased risk ofmicroscopic regional disease
and worse outcomes compared to endometrioid patients. Previously,
we did not find a survival benefit for EBRT in stage III serous/clear cell
cancers in a SEER-Medicare analysis [1]. However, the prior study con-
sidered chemotherapy and EBRT as separate variables, rather than com-
paring chemotherapy alone versus chemotherapy with EBRT. Other
differences from that study are the much larger sample size of the
NCDB and its availability of more pathological data not available in
SEER-Medicare.
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Our results are also consistent with prior retrospective studies
that suggested a benefit of combined modality treatment compared
to chemotherapy alone or radiotherapy alone in patients with
locoregionally advanced endometrial carcinoma [8–14]. However,
previous studies did not stratify patients by stage and/or histology,
and only one specifically compared chemotherapy with EBRT versus
chemotherapy alone. Institutional series have described pelvic re-
currence rates of 20–50%with chemotherapy alone [3–6], suggesting
a role for EBRT to decrease regional relapse. In retrospective series of
patients treated with pelvic EBRT (with or without chemotherapy),
pelvic relapse rates were 5–10% [3–5,23–26], which was corrobo-
rated by the increased pelvic control rates in the radiotherapy-
containing arms of GOG-122 and GOG-258. Taken together, our re-
sults and prior studies suggest that combined modality treatment
with full-dose chemotherapy (perhaps initiated prior to RT) may
lead to improved outcomes compared to chemotherapy alone, at
least in a subset of stages III-IVA patients.

Our results should also be interpreted in the context of its limita-
tions. Stage IVA had a small number of patients (approximately 100
for both endometrioid and non-endometrioid histology), with low utili-
zation of EBRT (14–16%), which limited statistical power. As this study
was retrospective, selection bias is possible, and thefindings are primar-
ily hypothesis-generating. Prospective validation is desirable in focused
patient populations who are most likely to benefit from EBRT, although
as noted above, the sample sizes required may not be logistically feasi-
ble. Additionally, the multivariable model adjusted for age and extent
of comorbidity, among other factors; and a broad, non-specific selection
bias in favor of EBRT would not likely produce the heterogeneity ob-
served with regard to its survival benefit. Most patients in the study re-
ceived chemotherapy first, and EBRT may be preferentially
administered to patients without early clinical progression; however,
the survival benefit of EBRT persisted in stage IIIC2 endometrioid and
stage IIIC1 non-endometrioid patients regardless of chemotherapy and
radiation sequencing. Other limitations are related to data unavailable
in the NCDB, such as depth of myometrial invasion, relapses and recur-
rences, number of chemotherapy cycles, and specific agents and dos-
ages (although all patients in this study received multiagent
chemotherapy). It is not possible in the NCDB to distinguish between
patients who received entirely sequential chemotherapy followed by
radiation versus those who received radiation sandwiched between
two periods of chemotherapy.

In summary, we showed that the addition of pelvic EBRT to
multiagent chemotherapy in the adjuvant treatment of stages III-
IVA endometrial cancer patients was associated with a modest but
significant survival advantage. When stratified by stage and histol-
ogy, patients with stage IIIC (specifically IIIC2) endometrioid and
stages IIIB-C non-endometrioid cancer were most likely to benefit.
The benefit of EBRT in node-positive patients persisted in those
with N15 lymph nodes removed or at least 5 para-aortic nodes re-
moved. These data demonstrate heterogeneity among patients
with locoregionally advanced disease and highlight populations
who may be most likely to benefit from combined modality treat-
ment. Further research, ideally in a prospective setting, is warranted
to confirm these findings.
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