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• No randomized trial of advanced endometrial cancer has evaluated treatment with chemotherapy (CT) before radiotherapy (RT).
• Women who received RT after CT had longer survival than those who received RT before CT or either treatment alone.
• Treatment with multi-agent CT before RT should be considered for inclusion as a treatment arm in future prospective trials.
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Objective. The optimal adjuvant management of women with FIGO Stage III-IVA endometrial cancer (EC) is
unclear.While recent prospective data suggest that treatment with pelvic radiotherapy (RT) prior to chemother-
apy (CT) is not associated with a survival benefit compared to CT alone, no prospective randomized trial has in-
cluded a treatment arm in which CT is given before RT.

Methods.An observational cohort studywas performed onwomenwith FIGO Stage III-IVA Type 1 (grade 1–2,
endometrioid) EC who underwent hysterectomy and received multi-agent CT and/or RT from 2004 to 2014 at
Commission on Cancer-accredited hospitals. Multivariable parametric accelerated failure timemodels were per-
formed to estimate the association of sequence of adjuvant CT and RTwith overall survival (OS) using propensity
score-adjusted matched cohorts.

Results. Of 5795women identified, 1260 (21.7%) received RT only, 2465 (42.5%) received CT only, 593 (9.7%)
received RT before CT, and 1506 (26.0%) received RT after CT.Womenwho received RT after CT experienced sig-
nificantly longer 5-year OS than women who received RT before CT (5-year OS: 80.1% vs 73.3%; time-ratio (TR)
= 1.37, 95% CI = 1.18–1.58, P b 0.001), CT only (68.9%; TR = 1.33, 95% CI = 1.19–1.48, P b 0.001), or RT only
(64.5%, TR = 1.50, 95% CI = 1.32–1.70, P b 0.001).

Conclusions. For women with advanced EC, treatment with multi-agent CT followed by RT is associated with
longer OS compared with treatment with RT followed by CT or either treatment alone. These hypothesis-
generating data support inclusion in future prospective trials of regimens in which multi-agent CT starts prior
to RT.

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

The optimal adjuvantmanagement of stage III-IVA endometrial can-
cer (EC) remains a source of debate. Results from recent trials PORTEC-3
and the Gynecology Oncology Group (GOG) 258 suggest minimal
n Oncology, Robert H. Lurie
y Feinberg School of Medicine,
tates of America.
C.R. Goodman).
improvement in overall survival (OS) with combined chemoradiother-
apy (CRT) compared to chemotherapy (CT) or pelvic radiotherapy
(RT) alone [1,2]. These data do, however, demonstrate the potential
complementary roles of both adjuvant therapies: CT in the reduction
of distant recurrence and RT in minimizing locoregional recurrence
(LRR). A subset analysis of PORTEC-3 demonstrated that Stage III pa-
tients treated with CRT experienced longer 5-year (y) progression-
free survival (PFS) [1]. No prospective trial has included a treatment
arm in which CT is given before RT or sequenced in a “sandwich” fash-
ion. This begs the question: should chemotherapy be the first adjuvant
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therapy or the only adjuvant therapy? Furthermore, given that the addi-
tion of RT did not yield an OS benefit for the group as a whole, the pa-
tients for whom this treatment strategy may yield the greatest benefit
would most likely have significant risk for LRR while a relatively low
competing risk of distant failure. This may reflect a patient population
with a combination of high-risk features for LRR, such as deep
myometrial invasion, serosal involvement, cervical invasion, or large
tumor size, in addition to the absence of high-risk features for distant
failure, such as high grade or non-endometrioid histologies. To test
this hypothesis, the National Cancer Database (NCDB) was queried for
womenwith locally advanced Type 1 EC who underwent hysterectomy
and received adjuvant CT and/or RT. Survival analyses were performed
to estimate the association of sequence of CT and RTwith OS in propen-
sity score-matched cohorts.

2. Methods and materials

2.1. Cohort selection

The NCDB (2004–2015) was queried for womenwith FIGO Stage III-
IVA (pT3–4 or pN1–2) Type 1 (grade 1–2, endometrioid histology) EC
following hysterectomy (Fig. S1). The NCDB is a nationwide, facility-
based comprehensive clinical surveillance resource oncology dataset
established by the Commission on Cancer of the American College of
Surgeons and the American Cancer Society in 1989 that captures 70%
of all newly diagnosed malignancies [3]. The American College of Sur-
geons has executed a Business Associate Agreement that includes a
data use agreement with each of its Commission on Cancer accredited
hospitals. Local institutional review board approval and informed con-
sent were not required for analysis of de-identified data.

Women who received single-agent CT only, inadequate RT
(b45 Gray (Gy), b25 fractions, or unknown) were excluded, as were
women whose primary listed RT volume was other than pelvis or
uterus. It was not possible to determine if pelvic and/or para-aortic
lymph node volumes were included in the RT treatment plan. The se-
quence of RT and CT was determined by documented treatment start
dates (RT before CT: RT start date ≥30 days (d) before CT start date;
RT after CT: RT start date ≥ 62 d after CT start date). Women with un-
known sequence of RT and CT were excluded. To clearly define se-
quence of RT and CT, women with a documented RT start date of
15–61 d following the start of CT were excluded, as were women for
whom the start date for RT was N200 d either before or after the start
date of CT (Fig. S2). To account for immortal-time bias, follow-up time
was calculated from the start date of the patient's last initiated treat-
ment. Covariates were included in the creation of the matched cohorts
and to adjust for potential confounding during regression analyses
(Supplemental Methods).

2.2. Statistical analyses

Baseline characteristics between patient groups were compared
using the Fisher's exact test for categorical data, the Mann-Whitney U
test for non-normally distributed numeric or ordinal data, or the t-test
or ANOVA for normally distributed data. Five-year restricted mean sur-
vival times (RMST) for OS and 5 y OS proportions were estimated using
the Kaplan-Meier method and compared with the log-rank test. Sur-
vival curves were plotted as unadjusted Kaplan-Meier estimates.

Multivariable parametric accelerated failure time (AFT) models
using the generalized gamma distribution were used, as described pre-
viously, to evaluate the association of adjuvant therapymodality and se-
quence with OS [4]. This model was chosen in place of the Cox
proportional hazards (PH) model due to the presence of significant
non-PH among women who received CT only when the Cox model
was used for the multivariable analyses [5]. When the PH assumption
is found to be violated using the Coxmodel, the AFTmodel formultivar-
iable analyses provides better goodness-of-fit to the observed data and
therefore more robust statistical inference [6–9]. The AFT model esti-
mates the time ratio (TR), which describes the multiplicative factor by
which the time-to-event is related between two groups. A TR N 1 de-
scribes longer survival. Covariates utilized in analyses were selected a
priori based on clinical knowledge and availability and are described
in detail in Supplemental Methods.

To reduce potential confounding, nearest-neighbor propensity
score-matching was performed without replacement using a caliper
size of 0.05 for each paired subset to generate well-balanced matched
cohorts, as described in detail in the Supplemental Methods. Propensity
score-matched and inverse probability-weighted cohort analyses were
performed to reduce treatment-assignment biases related to measured
covariates [10]. Analyses were performed both for all patients as well as
for thematched patient cohorts within each paired subset. All statistical
tests were two-tailedwith an alpha of 0.05 used as the cut-off for statis-
tical significance. Sensitivity analyses were performed on an expanded
cohort of women to also include Grade 3 endometrioid histology. To
test the robustness of the observed results, sensitivity of TR estimates
to a possible unmeasured confounder was explored [11,12]. Statistical
analyses were performed in Rstudio v1.1.453 using MatchIt, survival,
and flexsurv, packages [7,13–15].

3. Results

3.1. Cohort selection

Of the 5795 women identified with FIGO Stage III-IVA Type 1
(endometrioid histology, grades 1 or 2) uterine cancer with known
type of adjuvant therapywhounderwent hysterectomyand received ei-
ther RT and/or CT, 1260 (21.7%) received RT only, 2465 (42.5%) received
CT only, 564 (9.7%) received RT before CT, and 1506 (26.0%) received RT
after CT. Clinicopathologic and demographic characteristics of women
within each treatment subgroup are shown in Table S1. The most com-
mon fractionation scheme for RT was 45 Gy in 25 fractions, while the
second most common was 50.4 Gy in 28 fractions. Clinicopathologic
and treatment characteristics were well-balanced for all matched co-
horts (Tables S2–S9).

3.2. Kaplan-Meier estimates and multivariable survival analyses

Unadjusted survival curves and estimates of 5 y survival probabili-
ties, and RMST are shown for all women (Table 1; Fig. 1). In univariate
analyses of the unadjusted cohorts, women who received RT after CT
had significantly longer 5 y OS compared to women who received RT
before CT (5 y OS: 80.1% vs. 73.3%) or women who received either RT
alone (68.9%) or CT alone (64.5%; Log-Rank P b 0.001; Table 1). In mul-
tivariable analysis of all patients, treatment with RT after CTwas associ-
ated with significantly longer OS than treatment with RT before CT (TR
= 1.31, 95% CI = 1.08–1.58, P b 0.001), CT alone (TR = 1.37, 95% CI =
1.19–1.57, P b 0.001), or RT alone (TR = 1.41, 95% CI = 1.21–1.64, P b

0.001). Older age, more advanced tumor or nodal stage, higher grade,
receipt of omentectomy, positive peritoneal cytology, positive margin
status, black race, Medicare insurance or no insurance, higher comor-
bidity scores, a history of prior cancer, and treatment other than at an
academic facility were also associated with significantly shorter OS in
this model, while Hispanic ethnicity was associated with significantly
longer OS (Table 1).

In multivariable analysis of propensity-score matched cohorts for
the subset of women who received both RT and CT, treatment with RT
after CT was associated with significantly longer OS than patients
treated with RT before CT (TR = 1.37, 95% CI = 1.18–1.58, P b 0.001;
Table 2, Fig. 2A), women who received CT only (TR = 1.42, 95% CI,
1.27–1.59, P b 0.001), or women who received RT only (TR = 1.50,
95% CI = 1.32–1.70, P b 0.001; Table 3, Fig. 2B–C). In contrast, women
who received RT before CT did not experience significantly longer OS
than women who received CT only (TR = 0.94, 95% CI, 0.82–1.09, P =



Table 1
Kaplan-Meier estimates of survival and multivariable parametric accelerated failure time models of all women who received adjuvant radiotherapy and/or chemotherapy.

Variable Univariate analysis of all patients Multivariable AFT model

N (events) RMST (mo)
(95% CI)

5 y OS (%)
(95% CI)

P-value TR (95% CI) P-value

Adjuvant therapy b0.001
RT only 1260 (511) 93.4 (89.8–97.0) 64.5 (61.7–67.4) 1.00 (reference)
CT only 2465 (705) 102.1 (99.1–105.2) 68.9 (66.8–71.1) 1.03 (0.91–1.16) 0.65
RT before CT 564 (148) 105.6 (99.5–111.6) 73.3 (69.2–77.8) 1.08 (0.90–1.29) 0.41
RT after CT 1506 (253) 112.9 (107.2–118.6) 80.1 (77.6–82.6) 1.41 (1.21–1.64) b0.001

Age 0.97 (0.96–0.97) b0.001
Tumor stage b0.001

pT1 1711 (323) 112.0 (108.3–115.7) 78.9 (76.5–81.3) 1.00 (reference)
pT2 623 (165) 103.6 (97.8–109.3) 72.5 (68.6–76.8) 0.77 (0.65–0.92) 0.004
pT3 3294 (1031) 97.9 (95.5–100.4) 68.1 (66.3–70.0) 0.51 (0.44–0.59) b0.001
pT4 167 (98) 67.7 (58.1–77.2) 41.5 (34.0–50.5) 0.28 (0.22–0.36) b0.001

Nodal stage b0.001
pN0 2016 (528) 105.0 (102.0–107.9) 74.2 (72.0–76.4) 1.00 (reference)
pN1 2770 (794) 100.2 (97.6–102.8) 70.1 (68.2–72.2) 0.58 (0.51–0.66) b0.001
pN2 507 (88) 103.7 (87.0–120.4) 75.7 (70.6–81.1) 0.54 (0.43–0.69) b0.001
pNx 502 (207) 75.6 (69.1–82.0) 56.3 (51.3–61.8) 0.57 (0.48–0.69) b0.001

Nodal surgery b0.001
No LND 2961 (1177) 87.8 (86.0–89.6) 66.5 (64.7–68.3) 1.00 (reference)
Pelvic LND 1063 (172) 101.9 (97.9–105.8) 74.8 (71.0–78.8) 0.91 (0.71–1.16) 0.41
Pelvic and PA-LND 1771 (268) 103.1 (99.6–106.6) 77.6 (74.8–80.5) 1.03 (0.82–1.30) 0.80

Grade b0.001
1 1903 (395) 112.5 (109.2–115.9) 77.9 (75.6–80.2) 1.00 (reference)
2 3892 (1222) 97.9 (95.6–100.3) 67.5 (65.8–69.2) 0.74 (0.66–0.82) b0.001

LVSI b0.001
LVSI− 1359 (191) 69.9 (68.3–71.5) 76.9 (73.5–80.4) 1.00 (reference)
LVSI+ 1592 (302) 66.4 (64.9–68.0) 72.2 (69.0–75.5) 0.85 (0.72–1.00) 0.05
Not reported 2844 (1124) 63.6 (62.6–64.6) 67.7 (65.9–69.5) 1.00 (0.75–1.32) 0.93

Omentectomy b0.001
No 2282 (350) 101.0 (96.5–105.5) 76.8 (74.3–79.4) 1.00 (reference)
Yes 771 (161) 96.6 (92.1–101.2) 70.6 (66.3–75.3) 0.77 (0.65–0.92) 0.003
Not reported 2742 (1106) 88.2 (86.4–90.1) 66.8 (65.0–68.7) 0.74 (0.57–0.96) 0.03

Cytology b0.001
Negative 1738 (257) 88.9 (85.4–92.3) 77.9 (75.2–80.8) 1.00 (reference)
Positive 509 (125) 80.5 (75.9–85.1) 65.9 (60.4–71.8) 0.74 (0.60–0.90) 0.003
Not reported 3548 (1235) 80.5 (79.2–81.9) 68.6 (66.9–70.3) 0.94 (0.79–1.11) 0.42

Margin status b0.001
Negative 4681 (1198) 102.9 (100.9–104.9) 73.3 (71.8–74.8) 1.00 (reference)
Microscopic 236 (94) 83.8 (74.8–92.8) 56.1 (49.2–64.1) 0.72 (0.58–0.89) b0.001
Macroscopic 231 (109) 74.8 (66.3–83.4) 52.4 (45.6–60.3) 0.64 (0.52–0.78) b0.001
Positive (NOS) 80 (49) 54.4 (44.1–64.6) 40.3 (30.2–53.7) 0.43 (0.32–0.59) 0.002
Not reported 567 (167) 98.4 (92.7–104.0) 68.3 (64.0–73.0) 0.94 (0.80–1.10) 0.40

Race b0.001
White 5189 (1459) 98.8 (97.0–100.6) 71.0 (69.6–72.5) 1.00 (reference)
Black 293 (99) 89.6 (81.7–97.5) 60.6 (54.0–68.0) 0.73 (0.59–0.90) 0.004
Other 313 (59) 110.3 (102.9–117.8) 76.9 (71.3–83.0) 1.15 (0.91–1.46) 0.24

Hispanic 0.008
No 5175 (1447) 99.7 (97.8–101.7) 70.6 (69.2–72.1) 1.00 (reference)
Yes 286 (48) 114.8 (106.7–122.9) 78.9 (73.1–85.3) 1.40 (1.07–1.82) 0.03
Not reported 334 (122) 98.2 (91.7–104.7) 68.3 (63.1–73.8) 0.96 (0.80–1.15) 0.99

Insurance status b0.001
Private 3104 (645) 111.8 (109.5–114.1) 78.9 (77.2–80.6) 1.00 (reference)
Medicare 1968 (777) 82.6 (79.4–85.7) 58.7 (56.2–61.4) 0.81 (0.71–0.92) 0.001
Medicaid/Gov 423 (108) 97.7 (90.0–105.3) 71.3 (66.1–76.9) 0.84 (0.69–1.02) 0.06
Not insured 300 (87) 98.3 (90.2–106.5) 64.8 (58.4–71.9) 0.64 (0.52–0.80) b0.001

Comorbidity score b0.001
0 4387 (1153) 103.8 (101.7–105.9) 72.8 (71.3–74.4) 1.00 (reference)
1 1160 (362) 92.0 (87.7–96.4) 66.0 (62.8–69.5) 0.83 (0.74–0.93) 0.002
2 or 3 248 (102) 77.6 (68.3–86.9) 55.3 (48.4–63.2) 0.62 (0.51–0.76) b0.001

Prior cancer b0.001
No 4955 (1311) 104.1 (102.0–106.3) 71.6 (70.1–73.1) 1.00 (reference)
Yes 840 (306) 94.0 (89.3–98.7) 66.3 (62.8–70.0) 0.86 (0.76–0.98) 0.03

Income quartile 0.01
Top 1855 (477) 106.0 (102.6–109.5) 72.9 (70.6–75.4) 1.00 (reference)
2nd 1630 (458) 103.2 (99.7–106.8) 70.4 (67.9–73.1) 0.93 (0.82–1.06) 0.18
3rd 1464 (424) 99.6 (95.5–103.7) 69.9 (67.1–72.7) 0.92 (0.79–1.07) 0.29
Bottom 846 (258) 95.6 (90.3–100.8) 68.4 (64.8–72.2) 0.93 (0.78–1.13) 0.39

Education quartile 0.14
Top 1423 (378) 105.5 (101.7–109.4) 72.5 (69.9–75.3) 1.00 (reference)
2nd 2064 (564) 103.2 (100.0–106.5) 71.1 (68.9–73.5) 1.03 (0.90–1.17) 0.71
3rd 1473 (428) 99.8 (95.8–103.8) 69.7 (67.0–72.6) 1.00 (0.85–1.17) 0.95
Bottom 835 (247) 97.9 (92.7–103.1) 68.9 (65.2–72.7) 0.94 (0.78–1.15) 0.61

Treatment facility 0.01

(continued on next page)
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Table 1 (continued)

Variable Univariate analysis of all patients Multivariable AFT model

N (events) RMST (mo)
(95% CI)

5 y OS (%)
(95% CI)

P-value TR (95% CI) P-value

Academic 2325 (593) 106.1 (103.0–109.2) 72.6 (70.4–74.8) 1.00 (reference)
Cancer center 2760 (821) 100.3 (97.5–103.2) 69.7 (67.7–71.7) 0.81 (0.73–0.90) b0.001
Integrated Network 710 (203) 99.2 (93.3–105.1) 69.4 (65.5–73.6) 0.85 (0.73–0.98) 0.04

Year diagnosed b0.001
2009 or before 2542 (1075) 82.4 (80.8–84.1) 66.8 (65.0–68.7) 1.00 (reference)
2010 or after 3253 (542) 91.1 (87.6–94.7) 74.6 (72.4–76.8) 1.20 (0.89–1.63) 0.52

Significance determined by Log-Rank test (univariate analyses) or Wald test (multivariable analyses). OS: overall survival; mo: months; y: years; N: number; RMST: restrictedmean sur-
vival time; TR (95% CI): time ratio (95% confidence interval); P: P-value; RT: radiotherapy; CT: chemotherapy; LND: lymph node dissection; PA: para-aortic; LVSI: lymphovascular space
invasion; NOS: not otherwise specified; Gov: other government agency; ref.: reference level.

44 C.R. Goodman et al. / Gynecologic Oncology 153 (2019) 41–48
0.42) or RT only (TR = 1.00, 95% CI, 0.73–1.37, P = 0.99; Table 3,
Fig. 2D–E). In addition,womenwho received CT only did not experience
significantly longer or shorterOS thanwomenwho received RTonly (TR
= 1.03, 95% CI, 0.94–1.13, P = 0.49; Table 3, Fig. 2F). Multivariable
models of unadjusted analyses are presented in Tables S10–S11.

When the number of days betweenRT and chemotherapy start dates
for the patients who received RT after CT was plotted on a histogram
there appeared to be a bimodal distribution (Fig. S2). One subset of pa-
tients started RT between 50 and 100 d following the start of CT (peak
~65 d), while a second subset started RT between 110 and 200 d follow-
ing the start of CT (peak ~145 d). To explorewhether the start date of RT
following CT was associated with survival benefit, a multivariable anal-
ysis was performed of propensity-score matched cohorts of women
whose RT start date was 126–200 d after her CT start date (and there-
fore thought to have received 5 or 6 cycles of CT) and women whose
RT start date was 61–125 d after her CT start date (and therefore
thought to have received 3 or 4 cycles of CT). There was no association
of this variable with OS (TR = 0.87, 95% CI = 0.73–1.04, P = 0.13).
When an expanded cohort including women with Grade 3
endometrioid histology was utilized, results were consistent those of
the original cohort of Type 1 endometrioid histology alone. In this ex-
panded cohort of women, treatment with RT after CT was associated
with significantly longer OS compared to treatment with RT before CT
(5 y OS: 72.6% vs 65.8%; time-ratio (TR) = 1.22, 95% CI = 1.05–1.42, P
= 0.009), CT only (57.7%; TR = 1.45, 95% CI = 1.31–1.60, P b 0.001),
or RT only (57.6%, TR = 1.40, 95% CI = 1.24–1.58, P b 0.001). Time
ratio estimates for longer OS associated with treatment with RT after
CT as compared to RT before CTwere robust to introduction of a possible
unmeasured confounder. For example, in order for the observed effect
to be rendered nonsignificant, there would need to be amoderately im-
balanced (prevalence of 60% vs. 40%) unmeasured confounder that
demonstrated an association with OS with a TR ≥ 3 (Table S12). Further
sensitivity analyses were performed on additional propensity-score
matched cohorts of subsets of patients. When patients with b100 d be-
tween the start of chemotherapy and RT were excluded, patients who
received RT after CT still experienced longer OS than thosewho received
RT before CT (5 y OS: 80.7% vs 74.2%; TR= 1.21, 95% CI, 1.06–1.39, P =
0.006). Similarly, when only patients with positive nodes (FIGO Stage
IIIC1 and IIIC2) were included, treatment with RT after CT was associ-
ated with longer OS compared to RT before CT (5 y OS: 80.7% vs.
71.9%; TR = 1.36, 95% CI, 1.10–1.67, P = 0.004).

4. Discussion

In this analysis of a large cohort of women from theNCDBwith Stage
III-IVA Type 1 EC following hysterectomy, treatment with RT after CT
was associated with longer OS compared to treatment with RT before
CT, or either treatment alone. Womenwho received RT before CT, how-
ever, did not experience significantly longer OS than women who re-
ceived CT or RT alone, nor did women who received CT alone
experience significantly different survival than women who received
RT alone. Treatment with multi-agent CT followed by RTmay therefore
be the optimal adjuvant multimodality regimen for selected women
with EC whose disease characteristics are prognostic for a high risk of
LRR but a lower risk of distant recurrence.

Historical randomized trials addressing women with locally ad-
vanced EC have included heterogeneous cohorts and yielded results
with limited applicability. An Italian trial of women with primarily
Stage III non-serous or clear cell EC randomized after hysterectomy to
RT to the pelvis ± para-aortic (PA) lymph node chain versus multi-
agent CT found no difference in PFS or OS [16]. Similarly, a Japanese
trial of women with a mix of stages and histological subtypes random-
ized following hysterectomy and lymph node dissection (LND) to RT
or to cisplatin/doxorubicin CT demonstrated no differences in PFS or
OS between arms, although subset analyses suggested superior survival
for those patients deemed “high risk” treated with CT [17]. Subset anal-
yses of matched cohorts of patients treated with either RT or CT reflect
these data (Fig. 2F). The role of adjuvant CT in this settingwas cemented
following GOG-122, in which women with Stage III-IVA EC randomized
after hysterectomy and LND to cisplatin/doxorubicin experienced sig-
nificantly longer PFS and OS compared to women who received whole
abdominal RT with a pelvic boost. Recurrences in the pelvis, however,
were more common in the CT arm, comprising 21% of all first failures
[18]. It seemed logical to next explore treatment with a combination
of CT and RT, addressing the potential for both local and systemic
relapse.

The GOG-258 and PORTEC-3 trials examined this question from
complementary angles. PORTEC-3 enrolled 660 women with high-risk
stage IB-III EC, weighted heavily towards stage III, randomized to re-
ceive either RT alone or RT with concurrent cisplatin followed by
4 cycles of carboplatin and paclitaxel (CRT) [1]. The addition of CT to
RT was associated with a trend towards improved 5 y PFS and OS in
the entire cohort. In a subset analysis limited to women with stage III
disease, the 5 y PFS benefit reached statistical significance at 69% versus
58% (P = 0.03). Asking a mirror image question, GOG-258 randomized
813 women with stage III-IVA EC to 6 cycles of chemotherapy alone
(carboplatin and paclitaxel) versus CRT per PORTEC (RT followed by
carboplatin/paclitaxel) [2]. While the 5 y rates of vaginal and pelvic or
PA recurrenceswere higher in the CT arm (7% vs. 3% and 19% vs. 10%, re-
spectively), the rate of distant recurrenceswas lower in the CT arm (21%
vs. 27%). There was a small, but non-significant numerical advantage in
PFS favoring the CRT arm (HR 0.9), but no difference in OS. Exploratory
subset analyses did not identify subgroups that derived benefit from
CRT. Consistent with these data, subset analyses presented in this man-
uscript show no statistical difference in OS between women treated
with RT before CT compared to either CT alone as was seen in GOG-
258 (Fig. 2D), or RT alone, as was seen in PORTEC-3 (Fig. 2E).

An increase in distant failures and worse survival among women
who receive RT before CT may potentially be due to delayed initiation
of CT or delivery of a fewer number of total CT cycles due to either
trial design (6 vs. 4 planned cycles) or tolerability (inability to complete
CT after RT). Importantly, 25% and 29% of women enrolled in the CRT
arms of GOG-258 and PORTEC-3, respectively, did not receive full CT,
defined as 4 cycles of carboplatin and paclitaxel following RT [1,2].



Fig. 1. Unadjusted survival curves for all women who received adjuvant chemotherapy or radiotherapy. Unadjusted overall survival curves based on Kaplan-Meier estimates for women
who received radiotherapy alone (light gray, dotted), chemotherapy alone (medium gray, dashed), radiotherapy before chemotherapy (dark gray, large dashed), or radiotherapy after
chemotherapy (black, solid). RT: radiotherapy; CT: chemotherapy; Mo: months; No: number.

Fig. 2. Adjusted survival curves for pairs of matched cohorts of women who received adjuvant radiotherapy and/or chemotherapy. Overall survival curves based on Kaplan-Meier
estimates for matched cohorts of women who received A) radiotherapy after chemotherapy (black) versus radiotherapy before chemotherapy (gray); B) radiotherapy after
chemotherapy (black) versus chemotherapy alone (gray); C) radiotherapy after chemotherapy (black) versus radiotherapy alone (gray); D) radiotherapy before chemotherapy (black)
versus chemotherapy alone (gray); E) radiotherapy before chemotherapy (black) versus radiotherapy alone (gray); or F) chemotherapy alone (black) versus radiotherapy alone
(gray). RT: radiotherapy; CT: chemotherapy; TR: Time Ratio; 95% CI: 95% Confidence Interval; P: P-value; Mo: months; No: number.
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Table 2
Kaplan-Meier estimates of overall survival andmultivariable parametric accelerated failure timemodels of propensity score-matched cohorts of patientswho received adjuvant radiother-
apy and chemotherapy.

Variable Univariate analysis of propensity score-matched cohorts Multivariable AFT model

N (events) RMST (mo)
(95% CI)

5y OS (%)
(95% CI)

P-value TR (95% CI) P-value

Adjuvant therapy 0.02
RT before CT 553 (141) 104.6 (98.9–110.2) 74.4 (70.2–78.8) 1.00 (reference)
RT after CT 553 (100) 113.6 (107.7–119.5) 80.9 (77.2–84.8) 1.37 (1.18–1.58) b0.001

Age 0.98 (0.97–0.99) b0.001
Tumor stage 0.004

pT1 380 (60) 112.3 (105.9–118.8) 82.4 (77.8–87.2) 1.00 (reference)
pT2 156 (34) 108.7 (99.3–118.1) 77.3 (70.2–85.1) 0.76 (0.62–0.93) 0.007
pT3 552 (139) 103.1 (97.9–108.2) 75.1 (71.0–79.4) 0.55 (0.46–0.66) b0.001
pT4 16 (9) 75.2 (48.2–102.2) 61.9 (41.9–91.4) 0.24 (0.18–0.32) b0.001

Nodal stage 0.10
pN0 329 (66) 109.9 (103.9–115.9) 79.8 (74.8–85.1) 1.00 (reference)
pN1 633 (144) 105.1 (100.4–109.7) 77.4 (73.7–81.2) 0.66 (0.56–0.77) b0.001
pN2 76 (12) 111.5 (97.5–125.6) 75.1 (62.8–89.8) 0.72 (0.51–1.00) 0.05
pNx 66 (20) 89.3 (74.3–104.3) 70.5 (57.8–86.1) 0.68 (0.49–0.94) 0.02

Nodal surgery 0.08
No LND 546 (171) 79.4 (76.7–82.0) 75.7 (72.0–79.5) 1.00 (reference)
Pelvic LND 194 (29) 80.7 (74.6–86.7) 78.2 (70.0–87.3) 1.04 (0.70–1.53) 0.86
Pelvic & PA-LND 364 (42) 85.3 (81.7–88.8) 80.9 (74.9–87.4) 1.20 (0.81–1.78) 0.37

Grade 0.14
1 346 (62) 113.8 (106.3–121.2) 79.7 (74.5–85.1) 1.00 (reference)
2 758 (180) 107.5 (102.7–112.4) 76.7 (73.3–80.2) 0.80 (0.69–0.92) 0.003

LVSI 0.22
LVSI− 263 (31) 69.1 (66.1–72.0) 80.1 (72.6–88.4) 1.00 (reference)
LVSI+ 276 (38) 67.6 (64.5–70.7) 77.3 (69.9–85.6) 0.98 (0.78–1.22) 0.83
Not reported 565 (173) 65.9 (64.0–67.8) 76.2 (72.6–80.0) 0.87 (0.63–1.20) 0.41

Omentectomy 0.66
No 469 (66) 71.9 (69.1–74.7) 78.5 (73.0–84.4) 1.00 (reference)
Yes 99 (14) 72.4 (66.9–77.9) 77.2 (65.7–90.7) 1.07 (0.82–1.40) 0.62
Not reported 536 (162) 70.6 (68.4–72.7) 76.7 (73.0–80.5) 0.85 (0.57–1.27) 0.44

Cytology 0.29
Negative 375 (47) 83.2 (79.0–87.3) 79.6 (73.7–86.0) 1.00 (reference)
Positive 76 (10) 84.4 (76.9–92.0) 82.1 (72.4–93.3) 1.27 (0.91–1.75) 0.16
Not reported 653 (185) 79.8 (77.4–82.3) 76.3 (72.9–79.9) 0.96 (0.77–1.19) 0.72

Margin status 0.008
Negative 933 (193) 106.9 (103.2–110.7) 79.0 (76.0–82.1) 1.00 (reference)
Positive 80 (26) 86.8 (73.1–100.6) 67.7 (56.6–81.0) 0.79 (0.65–0.97) 0.03
Not reported 91 (23) 103.1 (91.2–114.9) 72.8 (62.8–84.5) 0.92 (0.75–1.12) 0.40

Race 0.03
White 995 (221) 107.5 (103.6–111.4) 77.8 (74.9–80.9) 1.00 (reference)
Black 46 (14) 87.2 (66.8–107.5) 62.5 (45.2–86.2) 0.68 (0.52–0.89) 0.004
Other 63 (7) 124.9 (112.5–137.4) 83.6 (72.8–96.1) 1.52 (1.01–2.27) 0.04

Hispanic 0.26
No 975 (218) 105.9 (101.9–109.9) 77.5 (74.4–80.6) 1.00 (reference)
Yes 64 (7) 124.1 (111.1–137.0) 88.9 (80.7–97.9) 2.10 (1.24–3.56) 0.006
Not reported 65 (17) 108.8 (95.6–122.0) 72.9 (61.9–85.7) 1.56 (1.20–2.04) b0.001

Insurance status b0.001
Private 678 (118) 110.6 (106.7–114.5) 82.9 (79.7–86.3) 1.00 (reference)
Medicare 309 (98) 88.4 (81.5–95.4) 66.3 (60.3–73.0) 0.73 (0.61–0.87) b0.001
Medicaid/Gov 58 (9) 104.2 (93.3–115.1) 87.0 (77.5–97.6) 0.82 (0.64–1.06) 0.12
Not insured 59 (17) 95.0 (79.2–110.9) 65.6 (52.3–82.4) 0.83 (0.65–1.07) 0.15

Comorbidity score 0.36
0 866 (186) 104.3 (100.7–108.0) 78.4 (75.3–81.6) 1.00 (reference)
1 206 (47) 97.1 (88.9–105.2) 76.5 (69.6–84.1) 0.82 (0.71–0.96) 0.01
2 or 3 32 (9) 96.9 (77.3–116.5) 62.3 (44.6–87.1) 0.93 (0.64–1.34) 0.68

Prior cancer 0.11
No 971 (202) 109.6 (105.5–113.7) 78.1 (75.1–81.2) 1.00 (reference)
Yes 133 (40) 99.5 (88.9–110.0) 75.2 (67.3–84.0) 1.19 (1.00–1.42) 0.05

Income quartile 0.08
Top 390 (69) 112.7 (106.5–118.8) 82.8 (78.5–87.4) 1.00 (reference)
2nd 284 (66) 106.7 (99.5–114.0) 79.5 (74.4–84.9) 0.90 (0.75–1.08) 0.26
3rd 296 (76) 102.9 (95.4–110.4) 70.7 (64.7–77.2) 0.71 (0.58–0.86) b0.001
Bottom 134 (31) 106.4 (96.0–116.9) 75.0 (66.8–84.1) 0.88 (0.68–1.13) 0.31

Education quartile 0.16
Top 288 (57) 110.1 (102.9–117.2) 80.6 (75.4–86.1) 1.00 (reference)
2nd 384 (75) 110.0 (103.6–116.4) 80.3 (75.7–85.2) 1.18 (0.98–1.41) 0.07
3rd 277 (75) 101.8 (94.2–109.3) 72.8 (67.1–79.0) 1.02 (0.82–1.25) 0.88
Bottom 155 (35) 106.3 (96.2–116.3) 74.7 (66.9–83.4) 0.82 (0.64–1.07) 0.14

Treatment facility 0.41
Academic 463 (87) 110.0 (103.9–116.0) 79.8 (75.4–84.4) 1.00 (reference)
Cancer center 513 (129) 105.8 (100.5–111.1) 75.8 (71.7–80.1) 0.80 (0.69–0.93) 0.003
Network 128 (26) 106.7 (94.4–118.9) 77.9 (69.6–87.2) 0.69 (0.57–0.85) b0.001

Year diagnosed 0.13
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Table 2 (continued)

Variable Univariate analysis of propensity score-matched cohorts Multivariable AFT model

N (events) RMST (mo)
(95% CI)

5y OS (%)
(95% CI)

P-value TR (95% CI) P-value

2009 or before 489 (161) 90.7 (87.3–94.1) 76.1 (72.3–80.0) 1.00 (reference)
2010 or after 615 (81) 97.1 (93.3–100.8) 78.8 (73.9–84.0) 0.61 (0.35–1.05) 0.08

Accelerated failure time (AFT) models for the matched cohorts were covariate-adjusted and inverse probability-weighted using propensity-weighted matched cohorts. Significance de-
termined by Log-Rank test (univariate analyses) or Wald test (multivariable analyses). OS: overall survival; mo: months; y: years; N: number; RMST: restricted mean survival time; TR
(95% CI): time ratio (95% confidence interval); P: P-value; RT: radiotherapy; CT: chemotherapy; LND: lymph node dissection; PA: para-aortic; LVSI: lymphovascular space invasion;
Gov: other government agency; ref.: reference level.
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Although the NCDB does not provide the number of CT cycles planned
and/or received, the number of CT cycles received prior to RT was esti-
mated by calculating the number of days between CT and RT start
dates. Furthermore, as it was not possible to determine which women
may have received adjuvant therapy using a “sandwich” approach, we
considered all patients who started RT ≥ 62 d following the start of CT
as one group. These analyses therefore do not clarify which regimen, if
either, may be associated with longer survival. Employment of a “sand-
wich” regimen may enable a greater number of patients to complete at
least 3 or 4 cycles of multi-agent CT as well as RT, thereby deriving the
greatest benefit from both complementary therapy techniques. While
a small number of retrospective and prospective cohort studies have
utilized a sandwich approach with acceptable outcomes and toxicity
profiles, the significant heterogeneity across studies and limited sample
of patients renders further analysis difficult [19–24].

When considered in the context of PORTEC-3 and GOG-258, our re-
sults suggest that CT should be used as the first post-operative strategy
for patients likely to both tolerate and benefit from RT. Such patients
should likely be selected based on their expected ability to tolerate RT,
a sufficiently high risk of LRR such that the absolute reduction in LRR
is large, and a relatively low competing risk of distant failure, since a
concurrent or subsequent distant failure would render pelvic control
unimportant. To date, no randomized prospective trial has included a
treatment arm in which CT is given before RT or sequenced in a “sand-
wich” fashion as a comparator to multi-agent CT or RT alone. To our
knowledge, no other retrospective analysis has estimated the associa-
tion of sequence of adjuvant multi-agent CT and RT with clinical out-
comes, nor are we aware of a prospective or retrospective database
with sufficient sample size with which these findings could be vali-
dated. The NCDB is therefore a valuable and appropriate resource for
these analyses.
Table 3
Kaplan-Meier estimates of overall survival andmultivariable parametric accelerated failure time
and/or chemotherapy.

Variable Univariate analysis of propensity score-matched cohor

N (events) RMST (mo)
(95% CI)

RT after CT vs CT only
CT only 1422 (348) 104.0 (100.1–108.0)
RT after CT 1422 (245) 111.5 (107.0–116.1)

RT before CT vs CT only
CT only 558 (137) 105.1 (99.1–111.1)
RT before CT 558 (146) 103.7 (98.2–109.3)

RT after CT vs RT only
RT only 748 (239) 98.3 (93.7–103.0)
RT after CT 748 (152) 110.6 (105.5–115.7)

RT before CT vs RT only
RT only 493 (143) 104.1 (98.1–110.1)
RT before CT 493 (141) 103.8 (97.6–110.0)

CT only vs RT only
RT only 1023 (370) 97.8 (93.7–101.8)
CT only 1023 (333) 102.0 (97.7–106.2)

Accelerated failure time (AFT) models for the matched cohorts were covariate-adjusted and in
termined by Log-Rank test (univariate analyses) or Wald test (multivariable analyses). OS: ove
(95% CI): time ratio (95% confidence interval); P: P-value; RT: radiotherapy; CT: chemotherapy
As the NCDB does not provide central pathologic or dosimetric re-
view, we utilized strict exclusion criteria for the selection of our patient
cohorts in order to achieve as homogeneous of a patient sample as pos-
sible. The GOG-258 and PORTEC-3 were obliged for the purposes of ac-
crual to enroll not only patients with Stage IIIC-IVA endometrioid
uterine cancer but also patients with earlier stage disease with high-
risk histology [1,2]. For these analyses, however, we included only pa-
tients with “Type 1” uterine cancer, classically defined as Grade 1–2
endometrioid adenocarcinoma, to potentially improve patient homoge-
neity given the benefit of central pathologic review was not available.
Sensitivity analyses using an expanded cohort of women that included
those with Grades 1, 2, and 3 endometrioid histology yielded results
that were similar to those seen when only patients with “Type 1” dis-
ease were included. Separate analyses should be considered for patients
with “Type 2” disease in future analyses. An additional limitation of
these analyses is the inability to consider clinical outcomes outside
of OS, as the NCDB does not report locoregional or distant failures.
Also unavailable to us for the purpose of cohort creation and inclu-
sion in multivariable models includes detailed information regarding
the number of CT cycles planned and received, type of CT regimen
prescribed and delivered, therapy tolerability, and more granular
data regarding RT technique and dosimetry. Lastly, compared with
prospective trials, observational cohort analyses are limited due to
potential selection bias and the inability to control for an unmea-
sured confounder. To help mitigate this, multiple bias-reducing sta-
tistical techniques were utilized to provide reliable and robust
estimates, such as performing each multivariable analysis using
matched cohorts of patients that were well-balanced along all clini-
copathologic and relevant treatment criteria. In addition, a sensitiv-
ity analysis demonstrated the TR estimates were robust to the
introduction of a possible unmeasured confounder.
models of propensity score-matched pairs of womenwho received adjuvant radiotherapy

ts Multivariable AFT model

5 y OS (%)
(95% CI)

P-value TR (95% CI) P-value

b0.001
72.3 (69.5–75.1) 1.00 (reference)
79.7 (77.1–82.3) 1.42 (1.27–1.59) b0.001

0.95
74.6 (70.5–78.9) 1.00 (reference)
73.5 (69.3–77.9) 0.94 (0.82–1.09) 0.42

b0.001
69.4 (65.7–73.3) 1.00 (reference)
79.8 (76.5–83.2) 1.50 (1.32–1.70) b0.001

0.98
72.3 (67.9–77.0) 1.00 (reference)
71.5 (67.0–76.2) 1.00 (0.73–1.37) 0.99

0.36
67.3 (64.1–70.5) 1.00 (reference)
69.2 (66.1–72.3) 1.03 (0.94–1.13) 0.49

verse probability-weighted using propensity-weighted matched cohorts. Significance de-
rall survival; mo: months; y: years; N: number; RMST: restricted mean survival time; TR
; ref.: reference level.
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In conclusion, these hypothesis-generating findings support further
consideration of adjuvant regimens that include the delivery of CT be-
fore RT. For women with locally advanced Type 1 EC, treatment with
multi-agent CT before RT (or potentially employing a sandwich ap-
proach) may optimize control of both locoregional and distant disease,
ultimately leading to longer PFS and OS. The findings presented here
support the consideration of this regimen in the design of future pro-
spective trials.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2019.01.007.
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