
ORIGINAL CONTRIBUTION

Frequency and Effect of Adjuvant
Radiation Therapy Among Women With
Stage I Endometrial Adenocarcinoma
Christopher M. Lee, MD
Aniko Szabo, PhD
Dennis C. Shrieve, MD, PhD
O. Kenneth Macdonald, MD
David K. Gaffney, MD, PhD

ENDOMETRIAL CANCER REMAINS

the most common gynecologi-
cal malignancy in the United
States; however, the optimal

adjuvant treatment for stage I endo-
metrial adenocarcinoma remains elu-
sive despite published results from
randomized trials. Recent publications
have revealed 5-year overall survival
rates of 80% to 90% for women with
stage I disease who have received
total abdominal hysterectomy and
bilateral salpingo-oophorectomy
(TAH-BSO) and adjuvant radiation
therapy (RT) based on clinical and
pathological characteristics.1-7 Despite
these encouraging results, the specific
subgroup of patients with American
Joint Committee on Cancer stage IC
(�50% myometrial invasion) and
high-grade disease (grade 3 or 4) are
known to have relatively poorer out-
comes with higher rates of both local
and distant relapses.8

Variability in survival outcome across
select patient groups has also been iden-
tified through clinical research. Post-
operative RT with either external beam
radiation, vaginal brachytherapy, or
both have led to improved locore-
gional control of disease in multiple
trials, although a consistent survival

benefit for select subsets of patients has
been difficult to determine. The study
by Aalders et al1 reported the results of
a phase 3 trial of women with stage I
endometrial adenocarcinoma random-
ized to adjuvant pelvic external beam
radiation or observation following TAH-
BSO and vaginal brachytherapy. This
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Context The benefit of adjuvant radiation therapy (RT) in stage I endometrial ad-
enocarcinoma remains controversial despite several phase 3 trials.

Objective To evaluate the frequency and effect of adjuvant RT on overall and rela-
tive survival within a large US population database.

Design, Setting, and Population A retrospective analysis that used data from the
Surveillance, Epidemiology, and End Results program of the US National Cancer In-
stitute from January 1, 1988, to December 31, 2001. A total of 21 249 patients with
American Joint Committee on Cancer stage IA-C node-negative endometrial adeno-
carcinoma comprised the study population.

Main Outcome Measures Overall survival curves were constructed using Kaplan-
Meier method and compared via stratified log-rank test within T stage/grade combina-
tions, adjusted for age. Relative survival was performed to assess the effects of age, race,
stage, grade, whether nodes were examined, and whether adjuvant RT was administered.

Results Of 21 249 women, 4080 received adjuvant RT (19.2%) and 17 169 did not
receive adjuvant RT (80.8%). The mean age at diagnosis was 63.2 years (range, 14-99
years). Adjuvant RT significantly improved overall survival for patients with stage IC/
grade 1 (P�.001) and stage IC/grades 3 and 4 (P�.001). Cox proportional hazards
regression analysis revealed a statistically detectable association of adjuvant RT with
improved relative survival in patients with stage IC/grade 1 and stage IC/grades 3 and
4 (hazard ratio [HR], 0.44; 95% confidence interval [CI], 0.31-0.63; P�.001; and HR,
0.72; 95% CI, 0.57-0.92; P=.009; respectively). A separate analysis of those patients
with a surgical lymph node examination at the time of total abdominal hysterectomy
and bilateral salpingo-oophorectomy revealed similar estimates (HR, 0.59; 95% CI,
0.39-0.90; P=.01; and HR, 0.73; 95% CI, 0.55-0.96; P=.02; respectively).

Conclusions As the largest reported population analysis to date of adjuvant RT in
early stage endometrial adenocarcinoma, our study reveals a statistically significant
association between improved overall and relative survival and adjuvant RT in stage
IC disease (grades 1 and 3-4). Future work is needed to continue to delineate clinical
and biological factors, which can guide treatment decisions and account for dispari-
ties in outcome between varied subsets of patients.
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study revealed that pelvic RT led to re-
duced vaginal and pelvic recurrence
rates, although 5-year survival was not
improved (89% vs 91%, respectively).
However, a survival benefit was sug-
gested for only those patients with grade
3 tumors and stage IC disease (18% vs
27% cancer deaths, respectively).1 The
Gynecologic Oncology Group9 re-
cently reported results of a random-
ized trial that assessed specifically
whether adjuvant RT would decrease
relapses following hysterectomy and
surgical staging of intermediate-risk en-
dometrial cancer. The cumulative in-
cidence of recurrence was 12% in the
observation group vs 3% in the adju-
vant RT group (hazard ratio [HR], 0.42;
90% confidence interval [CI], 0.25-
0.73; P=.007); however, this improve-
ment in recurrence-free survival did not
translate into a statistically significant
difference in overall survival at a me-
dian follow-up of 69 months. The
study by Keys et al9 used known clini-
copathological risk factors to define
a high-intermediate risk subgroup
of patients. Those patients within the
high-intermediate risk subgroup were
more prone to relapse and experi-
enced a significant benefit in disease-
free survival from pelvic irradiation.9

Creutzberg et al8 have also recently re-
ported that patients with stage IC/
grade 3 or 4 disease are at higher risk
of early distant spread and endome-
trial carcinoma–related death com-
pared with other patients with stage I
endometrial carcinoma. In this large
randomized trial from the Nether-
lands, there was no significant sur-
vival benefit reported for adjuvant RT
in patients with intermediate-risk stage
I cancer. Hence, significant contro-
versy continues to exist in regards to
the role of adjuvant RT in stage I en-
dometrial cancer.

Population-based studies are needed
to further delineate the impact of adju-
vant RT on survival outcomes for
women with stage I endometrial carci-
noma and to analyze the practice pat-
terns of physicians in the United States.
Using population-based cancer data, our
goal was to quantitatively evaluate the

frequency and effect of adjuvant RT on
overall and relative survival.

METHODS
Data and Study Population

Data were obtained from the Surveil-
lance, Epidemiology, and End Results
(SEER) program of the US National
Cancer Institute (NCI) using the SEER
11-Registries plus Alaska 1988-2001
data set (November 2003 edition).10 The
SEER database is composed of a set of
geographically defined, population-
based, central cancer registries in the
United States (data from Connecticut,
Iowa, Hawaii, New Mexico, Utah, met-
ropolitan areas of Atlanta, Detroit, Los
Angeles, Oakland, San Francisco, San
Jose–Monterey, Seattle–Puget Sound,
and Alaska Native populations) and is
operated by local nonprofit organiza-
tions under contract with the NCI. Se-
rial registry data are submitted elec-
tronically without personal identifiers
(deidentified) to the NCI on a bian-
nual basis and the NCI thereafter makes
the data available to the public for re-
search purposes.10 Because all SEER da-
tabase information remains deidenti-
fied, approval by an ethics committee
and informed consent by the study par-
ticipants were not necessary to per-
form the analyses. The case ascertain-
ment rate from the SEER registries has
been reported to be 97.5%. The SEER
database is the authoritative source of
population-based information on can-
cer incidence and survival in the United
States. In general, the populations cov-
ered by SEER are known to be repre-
sentative of the whole United States.11

The analyzed study population in-
cluded women diagnosed with Ameri-
can Joint Committee on Cancer stage
IA-C (T1a-T1c disease without nodal
involvement or distant disease spread)
endometrial adenocarcinoma who un-
derwent TAH-BSO. Histological clas-
sification was based on the Interna-
tional Classification of Diseases for
Oncology codes (ICD 8380).12 Patients
were included who were diagnosed
between January 1, 1988, and Decem-
ber 31, 2001, and for whom complete
data sets were available. The follow-

ing prognostic factors were included in
the analysis: age, race, stage, grade, ex-
tent of surgery (whether pelvic or para-
aortic lymph nodes were sampled in
addition to TAH-BSO), and whether
postoperative adjuvant RT was admin-
istered. Sampling of pelvic or para-
aortic lymph nodes at time of TAH-
BSO was designated as surgical lymph
node examination. Information on race
was used as entered in the SEER data-
base (self-determined). This informa-
tion was analyzed to evaluate known
differences in prognosis according to
race. The following were causes for pa-
tient exclusion from the analysis: clini-
cal or pathological lymph node involve-
ment (N1 disease), distant spread (M1
disease), surgery did not include TAH-
BSO, lack of pathological staging, and
cases with missing variables. Of 39 205
women diagnosed with stage IA-C en-
dometrial cancer between January 1,
1988, and December 31, 2001, 21 249
women met the above criteria and serve
as the patient population for our study.
A total of 17 956 patients did not meet
the above criteria due to multiple rea-
sons (some patients had �1 exclusion
criteria), such as lack of tumor grade
information (n = 2816), lack of docu-
mented hysterectomy (n=1341), lack
of known T status or lymph node sta-
tus (n=15 133), presence of N1 dis-
ease (n=793), or unknown adminis-
tration of RT (n=487). All participants
in the SEER program routinely link pa-
tient files with vital records (ie, death
certificates) in their respective areas of
coverage to identify patients with can-
cer who have died (regardless of cause
of death); therefore, death certificates
are the source for information regard-
ing underlying cause of death as re-
corded in the SEER program database.
Furthermore, the National Center for
Health Statistics conducts routine re-
views of death certificates to ensure
quality of data.11

Statistical Analysis

Survival curves for overall survival were
estimated using the Kaplan-Meier
method and compared via stratified log-
rank test within each stage/grade com-
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bination, adjusting for age group (�56
years, 56-75 years, �75 years). The
standard estimator of the survival func-
tion is the Kaplan-Meier (product-
limit estimator). With the Kaplan-
Meier survival curve, a consistent
estimate of the survival curve can be
computed from randomly censored
data. At each patient death, the condi-
tional probability of survival during the
interval since the last death is calcu-
lated as the number of patients ob-
served to survive beyond that point
(those patients who have not yet died
and have not left the trial for other rea-
sons) divided by the number at risk.
The value of the survival curve at that
point is calculated as the product of the
conditional probabilities of survival for
all of the intervals up to that point. Us-
ing the stratified log-rank test instead
of doing an individual log-rank test pro-
vides a more precise summary of the
treatment effect within each stage/
grade combination adjusting for age
group. An overall stratified log-rank test
for comparing RT groups was also
performed.

Proportional hazards modeling was
used to study the association between
the prognostic factors and survival end
points. Proportional hazards means that
the hazard of death at any given time
for an individual in the group without
RT is proportional to the hazard at that
same time for a similar individual in the
group with RT. Survival variability was
examined with respect to overall sur-
vival, with rates measured from the date
of diagnosis to either the date of
death from any cause or the date of last
contact. SEER unfortunately does not
contain data on induction failures or re-
lapses, which are necessary to deter-
mine event-free survival. As expected,
we found overall survival to be highly
affected by age. To ensure that any dif-
ferences attributed to age are disease
specific, we modeled survival relative
to the US population. Cox propor-
tional hazards regression modeling is
based on the proportional hazards as-
sumption, which states that each co-
variate affects the hazard of the event
of interest (for overall survival, death)

occurring multiplicatively. To adapt the
classic Cox proportional hazards re-
gression model for relative survival, for
each patient the expected probability
P of survival through the follow-up time
was calculated based on US life-tables
for women based on the patient’s age,
race, and year of diagnosis.11,13 Then,
log(1/P) gives the total hazard experi-
enced up to the patient’s observed death
or censoring time. Because technically
Cox proportional hazards regression
software works with additive effects on
the log-hazard (which are equivalent to
multiplicative effects on the hazard), a
log[−log(P)] term with its coefficient
fixed at 1 was included in the model;
therefore, the regression described the
effect of the covariates on survival be-
yond this known hazard.

We used proportional hazards mod-
eling of the relative survival to assess
the effects of clinicopathological fac-
tors.14 First, we fitted a preliminary
model containing all the explanatory
variables: stage, grade, race, age at
diagnosis, lymph node examination,
and RT (allowing the effect of radia-
tion to vary depending on the other
covariates). We next examined the
residuals and conducted a formal test
of the underlying assumption of pro-
portional hazards, which revealed that
the effects of stage, grade, and age at
diagnosis were not well described by
that assumption. We extended our
model to allow different baseline haz-
ards for each stage/grade combination
via stratification and thus eliminating
the proportional hazards assumption
for them. For age at diagnosis, the
associated hazard appeared to decrease
linearly by time from diagnosis; there-
fore, we added an appropriate time-
dependent covariate: the interaction of
time since diagnosis and age at
diagnosis. The resulting model
showed no evidence of nonpropor-
tional hazards. Further investigation
of interactions prompted the inclusion
of additional terms accounting for
variability of the covariates by stage
and grade. No other first-order inter-
actions or second-order interactions
involving radiation were found (global

likelihood-ratio test, P = .72). Some
of the terms in the model are not sta-
tistically significant; however, we
have made no attempts to eliminate
them as our goal is the estimation of
the radiation-related effects and exten-
sive model pruning can bias those
estimates.

SEER*Stat software version 6.1.4
(Surveillance Research Program, NCI,
Bethesda, Md) was used to extract case
level data from the SEER Cancer Public-
Use Database 1973-1999, November
2003 Submission. R version 2.1.0 was
used for statistical analyses.15 We de-
fined P�.05 to be statistically signifi-
cant.

RESULTS
A total of 21 249 women were in-
cluded in our analysis. The mean age
at diagnosis was 63.2 years (range,
14-99 years). A total of 4080 women
(19.2%) received postoperative RT as
part of their initial treatment. Within
the RT cohort, 2551 patients (62.5%)
had external beam radiation, 732
(17.9%) had vaginal brachytherapy, and
1078 (26.4%) received a combination
of external beam radiation with vagi-
nal brachytherapy. The prevalence of
RT use by grade and stage, as well as
the corresponding sample sizes, are
shown in TABLE 1. Higher stage and
higher grade were found to be associ-
ated with both older age and in-
creased use of postoperative RT. Table 1
also shows the frequency of surgical
nodal sampling performed at the time
of TAH-BSO for each patient cohort.
White women comprised 88.5% of the
total analyzed study population. A total
of 18 255 women were alive at the time
of last follow-up (709 died due to en-
dometrial cancer, 2165 died from other
causes, and 120 had no recorded cause-
of-death information). The median fol-
low-up time for women included in the
analysis was 46 months (range, 0.1-
167.0 months).

Survival Probabilities

FIGURE 1 shows Kaplan-Meier sur-
vival curves for overall survival with or
without RT compared via stratified log-
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rank test within each stage/grade com-
bination adjusting for age. As ex-
pected, overall survival was highly
affected by age for each of the specific
stage/grade combinations. Stage IC/
grade 1 and stage IC/grades 3 and 4 co-
horts were found to have statistically

significant improvements in overall sur-
vival with the addition of adjuvant RT
(both P�.001). The 5-year overall sur-
vival rates for patients with stage IC/
grade 1 disease for the age groups
younger than 56 years, 56 to 75 years,
and older than 75 years with and with-

out adjuvant RT were 98% vs 88%, 94%
vs 85%, and 84% vs 67%, respectively.
The 10-year overall survival rates for the
same group stratifications were 92% vs
69%, 76% vs 72%, and 59% vs 42%, re-
spectively. The 5-year overall survival
rates for patients with stage IC/grades
3 and 4 disease for the age groups
younger than 56 years, 56 to 75 years,
and older than 75 years with and with-
out adjuvant RT were 86% vs 77%, 66%
vs 56%, and 53% vs 39%, respectively.
The 10-year overall survival rates for the
same group stratifications (stage IC/
grades 3 and 4 disease) were 86% vs
77%, 51% vs 42%, and 27% vs 11%, re-
spectively. No additional stage/grade
groups were found to have statisti-
cally significant differences in overall
survival associated with RT.

FIGURE 2 illustrates the estimated
relative survival within each stage/
grade combination with and without
the addition of RT. The estimates of
relative survival were obtained by
SEER*Stat software. Relative survival
can go above or below 1 as the selected
population could have better or worse
survival than the overall population,
respectively. These plots are not bro-
ken down by age groups as no statisti-
cally significant age effect on relative
survival was observed (P=.60). These
analyses reveal that for the specific stage
IC/grade 1 and stage IC/grades 3 and 4
patient cohorts statistically significant
improvements in relative survival were
evident with the addition of adjuvant
RT (P�.001 and P = .009, respec-
tively).Noadditional stage/gradepatient
groups were found to have statistically
significant differences in relative sur-
vival associated with RT.

Hazard Ratios

Because the effect of stage and grade on
relative survival was not well described
by a proportional hazards model and
thus separate hazard functions were used
for each stage/grade combination, the dif-
ference between any 2 groups cannot be
summarized with 1 HR value. Nonethe-
less, investigation of the 9 baseline haz-
ard estimates showed that both higher
stage and higher grade disease were

Table 1. Patient Characteristics and Prevalence of Adjuvant Radiation Therapy Use by Grade
and AJCC Stage

Grade

1 2 3-4 1-4

Stage IA
No. of women 4155 1896 739 6790

Age, mean (SD), y 58.4 (12.3) 60.4 (12.5) 64.7 (11.7) 59.6 (12.5)

White race, No. (%) 3557 (85.6) 1638 (86.4) 587 (79.4) 5785 (85.2)

Surgical nodal sampling, No. (%) 1039 (25.0) 779 (41.1) 499 (67.5) 2315 (34.1)

Adjuvant RT, No. (%) 91 (2.2) 104 (5.5) 145 (19.6) 340 (5.0)

Adjuvant RT by age group, No. (%), y
�40 9 (2.5) 3 (2.4) 5 (23.8) 17 (3.4)

40-55 29 (2.0) 25 (4.5) 26 (19.7) 80 (3.8)

56-75 41 (2.0) 64 (6.5) 93 (21.1) 198 (5.8)

�75 11 (3.1) 13 (5.6) 21 (14.4) 45 (6.1)

Stage IB
No. of women 5054 4316 1948 11 318

Age, mean (SD), y 62.4 (11.7) 63.9 (11.5) 65.7 (11.8) 63.6 (11.7)

White race, No. (%) 4619 (91.4) 3859 (89.4) 1667 (85.6) 10 152 (89.7)

Surgical nodal sampling, No. (%) 1587 (31.4) 2041 (47.3) 1367 (70.2) 5003 (44.2)

Adjuvant RT, No. (%) 359 (7.1) 751 (17.4) 838 (43.0) 1947 (17.2)

Adjuvant RT by age group, No. (%), y
�40 11 (5.2) 27 (19.9) 19 (41.3) 57 (14.4)

40-55 87 (7.1) 149 (17.0) 170 (49.4) 406 (16.6)

56-75 218 (7.5) 472 (18.3) 525 (47.0) 1215 (18.4)

�75 41 (5.8) 101 (13.9) 124 (28.1) 266 (14.2)

Stage IC
No. of women 901 1354 886 3141

Age, mean (SD), y 69.1 (11.0) 69.3 (10.9) 69.0 (11.7) 69.2 (11.2)

White race, No. (%) 842 (93.5) 1243 (91.8) 787 (88.8) 2871 (91.4)

Surgical nodal sampling, No. (%) 429 (47.6) 760 (56.1) 605 (68.3) 1794 (57.1)

Adjuvant RT, No. (%) 438 (48.6) 792 (58.5) 556 (62.8) 1787 (56.9)

Adjuvant RT by age group, No. (%), y
�40 10 (55.6) 11 (47.8) 7 (58.3) 28 (52.8)

40-55 40 (50.0) 71 (56.8) 73 (65.2) 184 (58.0)

56-75 289 (54.8) 504 (64.3) 321 (69.3) 1114 (62.8)

�75 99 (35.9) 206 (48.8) 155 (51.8) 460 (46.1)

Combined stage IA-C
No. of women 10 110 7566 3573 21 249

Age, mean (SD), y 61.4 (12.3) 64.0 (12.0) 66.3 (11.9) 63.1 (12.3)

White race, No. (%) 9018 (89.2) 6741 (89.1) 3041 (85.1) 18 805 (88.5)

Surgical nodal sampling, No. (%) 3053 (30.2) 3579 (47.3) 2469 (69.1) 9116 (42.9)

Adjuvant RT, No. (%) 890 (8.8) 1649 (21.8) 1540 (43.1) 4080 (19.2)

Adjuvant RT by age group, No. (%), y
�40 30 (5.1) 41 (14.4) 31 (39.2) 102 (10.7)

40-55 156 (5.7) 245 (15.8) 269 (45.7) 670 (13.7)

56-75 548 (10.1) 1040 (23.9) 939 (46.5) 2527 (21.4)

�75 151 (11.3) 320 (23.2) 300 (33.9) 771 (21.4)
Abbreviations: AJCC, American Joint Committee on Cancer; RT, radiation therapy.
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Figure 1. Kaplan-Meier Curves for Overall Survival by Stage, Grade, Age at Diagnosis, and Radiation Therapy
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Log-rank P values are stratified by age. The number of patients at risk in all groups are at time points for every 30 months.
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associated with worsened survival. For
the remaining covariates, HRs with the
relative survival end point were calcu-
lated based on the fitted model. In short
term, higher age at diagnosis was asso-
ciated with improved relative survival per
decade (HR, 0.85; 95% CI, 0.76-0.94;

P�.001) but the effect diminished with
passage of time after diagnosis, disap-
pearing in approximately 5 years. White
race and having had a surgical lymph
node examination at the time of TAH-
BSO led to statistically nonsignificant
improvements in relative survival that

did not appear to depend on whether RT
was administered (HR, 0.80; 95% CI,
0.62-1.02; and HR, 0.89; 95% CI, 0.80-
1.00; respectively, averaged over all
interactions).

Our regression analysis further re-
vealed an interesting pattern of depen-

Figure 2. Effect of Radiation on Relative Survival by Stage and Grade
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P values are for radiation effect averaged over the observed race, lymph node examination status, and age at diagnosis specific for each stage/grade combination and adjusted
for interactions and nonproportional hazard effects. Survival in plots for radiation therapy and non–radiation therapy groups is relative to survival of overall US population of
women, according to age, race, and year of diagnosis. The number of patients at risk in both groups are at time points for every 30 months. Error bars represent SE.
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dence of the effectiveness of RT de-
pending on stage and grade: higher
grade was associated with diminished
effect of radiation, and higher stage was
associated with increase in the rela-
tive survival. Detailed HR estimates for
each stage/grade combination for a typi-
cal patient from each of the 9 groups
(averaged over age, race, and presence
of lymph node examination) are shown
in TABLE 2. The interplay of the vari-
ous influences resulted in statistically
detectable beneficial effect of adju-
vant RT in stage IC/grade 1 and stage
IC/grades 3 and 4 patient cohorts (HR,
0.44; 95% CI, 0.31-0.63; P�.001; and
HR, 0.72; 95% CI, 0.57-0.92; P=.009;
respectively).

The estimated effect size is equally
impressive for the stage IA-B/grade 1
cohorts; however, the CIs are wide
due to the relatively small number of
patients receiving RT. Our model has
not revealed noticeable variability of
the effect of RT depending on whether
surgical lymph node examination was
performed. To confirm this, we per-
formed a separate analysis of those
patients who received a surgical
lymph node examination at the time
of TAH-BSO. These results are also
shown in Table 2 and reveal that the
determined estimates are similar to the
entire cohort.

COMMENT
Our study was performed to evaluate
the frequency of utilization and effect
of adjuvant RT on overall survival and
relative survival for stage I endome-
trial adenocarcinoma by analyzing a
large US population database. Radia-
tion therapy was significantly associ-
ated with improved overall survival
and relative survival for the stage
IC/grade 1 and stage IC/grades 3 and 4
cohorts. To our knowledge, as the
largest reported population analysis of
the use of adjuvant RT in early stage
endometrial adenocarcinoma to date,
it is significant that our study reveals
an association in both overall survival
and relative survival for adjuvant RT
in stage IC disease (grades 1 and 3-4
cohorts).

A central strategy used to improve
patient outcomes in the treatment of all
cancers is to customize therapy based
on risk stratification. Multiple studies
have shown that patients with stage I
endometrial carcinoma who are treated
with therapy tailored to known prog-
nostic factors have 5-year overall sur-
vival rates of 80% to 90%, and 5-year
cancer-specific survival rates of 90% to
95%.1-7 Studies have also revealed that
the particular patient cohort with high-
grade tumors and deep (�50%) myo-
metrial invasion have a significantly
higher risk of both locoregional and dis-
tant relapse.8 The Gynecologic Oncol-
ogy Group staging study16 revealed that
microscopic pelvic nodal metastases
were present in 18% of patients with
clinical stage I and deep myometrial in-
vasion (defined as outer third of the
myometrial wall) in comparison with
less than 10% for the rest of the popu-
lation. The randomized trial results re-
ported by Aalders et al1 revealed that
the addition of external beam radia-
tion after TAH-BSO and vaginal brachy-
therapy led to reduced vaginal and pel-
vic recurrence rates, although a
statistically significant survival ben-
efit was not observed (5-year survival
rate, 89% vs 91%). This study also sug-
gested a survival benefit for the spe-
cific subgroup of patients with grade 3
tumors and deep (stage IC) myome-
trial invasion. The study by Meer-
waldt et al17 also reported an increase

in local-regional relapse rate for the spe-
cific subgroup of patients with stage IC/
grade 3 disease. Due to these previous
studies, it was decided to exclude this
higher-risk subgroup from random as-
signment within the multicenter Post-
operative Radiation Therapy in Endo-
metrial Carcinoma trial of stage I
disease.2 As shown in the study by
Creutzberg et al,8 the high-risk pa-
tients (stage IC/grade 3) who were ex-
cluded from randomization but who
were registered experienced a 5-year lo-
cal-regional relapse rate of 14%, dis-
tant metastatic rate of 31%, and over-
all survival of 58% (P�.001) compared
with 5-year local-regional relapse rate
of 1%, distant metastatic rate of 3%, and
overall survival of 83% to 85% for stage
IA-C/grades 1 and 2 tumors within the
randomized portion of the Postopera-
tive Radiation Therapy in Endome-
trial Carcinoma trial.2 Creutzberg et al8

reported that grade 3 disease was the
most important adverse prognostic fac-
tor on multivariate analysis associated
with relapse and death as a result of en-
dometrial cancer.

Although adjuvant RT has not led to
clear statistically significant differ-
ences in survival end points from past
randomized trials, it is significant that
our population analysis reveals a ben-
efit in both overall and relative sur-
vival for adjuvant RT in stage IC dis-
ease (grades 1 and 3-4 cohorts). It has
been postulated that the lack of clear

Table 2. Estimated Hazard Ratios of Radiation vs No Radiation for All Patients and Patients
With Surgical Lymph Node Examinations*

Stage/
Grade

All Patients
Patients With Surgical

Lymph Node Examination

Hazard Ratio
(95% Confidence Interval)

P
Value

Hazard Ratio
(95% Confidence Interval)

P
Value

IA/1 0.73 (0.34-1.57) .42 0.80 (0.44-1.45) .46

IB/1 0.89 (0.62-1.27) .51 0.75 (0.49-1.16) .20

IC/1 0.44 (0.31-0.63) �.001 0.59 (0.39-0.90) .01

IA/2 1.42 (0.84-2.37) .19 1.15 (0.68-1.94) .59

IB/2 1.02 (0.81-1.28) .88 1.08 (0.80-1.45) .62

IC/2 0.93 (0.73-1.19) .56 0.84 (0.62-1.14) .26

IA/3-4 1.01 (0.65-1.56) .96 1.03 (0.64-1.66) .90

IB/3-4 0.94 (0.77-1.16) .58 0.95 (0.74-1.21) .66

IC/3-4 0.72 (0.57-0.92) .009 0.73 (0.55-0.96) .02
*Estimates are averaged over the observed race, lymph node examination status, and age at diagnosis specific for

each stage/grade combination.
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survival benefit in these prior random-
ized trials has been due to poor ac-
crual and insufficient patient num-
bers at the time of analysis. As described
above, RT has been shown in numer-
ous phase 3 trials of early stage endo-
metrial cancer to improve both the lo-
cal and regional control of tumor.1-3,5,9,17

In addition, the study by Creutzberg et
al8 reported that the disease-free and
overall survival rates of patients with
stage IC/grade 3 endometrial cancer are
heavily influenced by the increased risk
of distant relapse rates. Due to this risk
and in an attempt to control distant dis-
ease, several groups are currently per-
forming randomized phase 3 trials to
compare outcomes for patients with
high-risk disease with adjuvant che-
motherapy and RT vs adjuvant RT alone
(stage IC/grade 3, stages II and III,
and/or papillary serous or clear-cell his-
tology). In addition, 2 randomized trials
have been completed evaluating the ef-
ficacy of chemotherapy in the adju-
vant setting. The study by Morrow et
al18 reported no benefit to adding single-
agent doxorubicin in the postopera-
tive setting. Multiagent chemotherapy
has also been shown to be of benefit in
those women with metastatic endome-
trial carcinoma.19 Given that our analy-
sis as well as other analyses have re-
vealed that advanced age is a strong
adverse prognostic factor,1,2,4,20 it would
seem that this would lead to relatively
favorable patients being studied on che-
motherapy trials; one should be aware
of potential selection bias.

Several limitations of this US popu-
lation-based study must be considered.
Although there is a reported 97.5% as-
certainment at the participating SEER
sites, these sites only comprise approxi-
mately 10% of the US population.11 In
addition, specific clinical and pathologi-
cal data known to be of prognostic
significance are not readily available, in-
cluding information regarding lympho-
vascular invasion, precise depth of myo-
metrial invasion, lower uterine segment
involvement, or specifics of RT, such as
radiation dose, field sizes, and compli-
ance with therapy.10 Therefore, we were
unable to adjust for these factors in our

analyses. Our results reveal a statistical
association between adjuvant RT and
survival; however, these data do not
prove a causal relationship. We ob-
served an improvement in survival for
stage IC/grade 1 and stage IC/grades 3
and 4 but not for stage IC/grade 2, which
may be due to the relatively small sample
size in each subgroup or due to inher-
ent difficulties assigning grade. In ad-
dition, the SEER database does not rec-
ord history of treatment failure (whether
local-regional or distant spread) or time
of relapse. The lack of these data pre-
vent SEER population analyses from
containing an event-free survival com-
ponent. Individual data on socioeco-
nomic status were not analyzed in our
study and may play a role in patient out-
comes. However, due to recent collabo-
rations by the NCI with the Census Bu-
reau, the National Heart, Lung, and
Blood Institute, the National Institute on
Aging, and the National Center for
Health Statistics, an analysis of socio-
economic status using SEER data are
possible. The SEER project has been for-
mulated to allow future researchers to
more comprehensively analyze race/
ethnicity, socioeconomic, and treat-
ment differences in cancer outcomes for
major cancer sites.21

Our study is an observational study
in which patients were not random-
ized to whether or not to receive radia-
tion. The choice was made based on the
patient’s clinical status and the treat-
ing physician’s beliefs and judgment. It
would be tempting to include all pos-
sible influences affecting survival and
the decision to administer RT in a
model; however, having too many co-
variates reduces the power for the main
comparison of interest. Thus, we try to
strike a balance between including too
many factors in the analyses and bias-
ing our conclusions. The factors affect-
ing the postdiagnosis survival can be of
several types: those that affect sur-
vival but do not contribute to the de-
cision whether to administer RT,
known factors that affect both sur-
vival and the decision to administer RT,
or unknown or unmeasured factors that
affect both survival and the decision to

administer RT. For those factors that
affect survival but do not contribute to
the decision whether to administer RT
and the effect of which does not change
if RT is administered or vice versa (fac-
tors that affect the decision to give RT
but do not affect survival indepen-
dently of other covariates included in
the analysis), the omission of such fac-
tors reduces the precision of the esti-
mates of the effect of radiation; how-
ever, it does not bias the results. We
believe geographical differences are in-
cluded in the latter category. When the
known factors that affect both sur-
vival and the decision to administer RT
are included in the model, the esti-
mated effect of radiation is adjusted for
such factors, as long as the model ad-
equately captures the effect of the vari-
able. T stage, grade, race, age at diag-
nosis, and history of surgical lymph
node examination belong in this cat-
egory. The most difficult type to deal
with is unknown or unmeasured fac-
tors that affect both survival and the de-
cision to administer RT. We believe that
the general tendency would be to treat
more advanced cases using RT, thus
confounding poorer prognosis with the
effect of radiation and biasing our re-
sults against RT. Therefore, any find-
ings of beneficial effect of RT are likely
to be real (if underestimated), al-
though findings of no effect are less con-
clusive.

As the largest reported population
analysis to our knowledge of adjuvant
RT in early stage endometrial adenocar-
cinoma to date, it is significant that our
study reveals a benefit in overall and rela-
tive survival for adjuvant RT in stage IC/
grade 1 and stage IC/grades 3 and 4 dis-
ease. This information should be added
to previous articles in the literature that
confirm beneficial effects of adjuvant RT
on both local and distant tumor con-
trol for certain patient cohorts.

Endometrial cancer remains the most
common gynecological malignancy in
the United States. Statistical analysis
cannot replace clinical judgment when
considering the individual patient, tu-
mor characteristics, and the potential
risks and benefits of adjuvant RT. Hope-
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fully, appropriate adjuvant RT will be
used to decrease the death rate from this
most common of gynecological malig-
nancies. Future work is needed to con-
tinue to delineate clinical and biologi-
cal factors that can guide treatment and
account for disparities in outcome be-
tween varied subsets of patients.
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