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E

NDOMETRIAL CANCER REMAINS

the most common gynecological malignancy in the United
States; however, the optimal
adjuvant treatment for stage I endometrial adenocarcinoma remains elusive 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 outcomes with higher rates of both local
and distant relapses.8
Variability in survival outcome across
select patient groups has also been identified through clinical research. Postoperative RT with either external beam
radiation, vaginal brachytherapy, or
both have led to improved locoregional control of disease in multiple
trials, although a consistent survival

Context The benefit of adjuvant radiation therapy (RT) in stage I endometrial adenocarcinoma remains controversial despite several phase 3 trials.
Objective To evaluate the frequency and effect of adjuvant RT on overall and relative 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 Institute 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 adenocarcinoma comprised the study population.
Main Outcome Measures Overall survival curves were constructed using KaplanMeier method and compared via stratified log-rank test within T stage/grade combinations, 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 disparities in outcome between varied subsets of patients.
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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 randomized to adjuvant pelvic external beam
radiation or observation following TAHBSO and vaginal brachytherapy. This
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study revealed that pelvic RT led to reduced vaginal and pelvic recurrence
rates, although 5-year survival was not
improved (89% vs 91%, respectively).
However, a survival benefit was suggested for only those patients with grade
3 tumors and stage IC disease (18% vs
27% cancer deaths, respectively).1 The
Gynecologic Oncology Group 9 recently reported results of a randomized trial that assessed specifically
whether adjuvant RT would decrease
relapses following hysterectomy and
surgical staging of intermediate-risk endometrial cancer. The cumulative incidence of recurrence was 12% in the
observation group vs 3% in the adjuvant RT group (hazard ratio [HR], 0.42;
90% confidence interval [CI], 0.250.73; P=.007); however, this improvement in recurrence-free survival did not
translate into a statistically significant
difference in overall survival at a median follow-up of 69 months. The
study by Keys et al9 used known clinicopathological 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 experienced a significant benefit in diseasefree survival from pelvic irradiation.9
Creutzberg et al8 have also recently reported that patients with stage IC/
grade 3 or 4 disease are at higher risk
of early distant spread and endometrial carcinoma–related death compared with other patients with stage I
endometrial carcinoma. In this large
randomized trial from the Netherlands, there was no significant survival benefit reported for adjuvant RT
in patients with intermediate-risk stage
I cancer. Hence, significant controversy continues to exist in regards to
the role of adjuvant RT in stage I endometrial cancer.
Population-based studies are needed
to further delineate the impact of adjuvant RT on survival outcomes for
women with stage I endometrial carcinoma and to analyze the practice patterns of physicians in the United States.
Using population-based cancer data, our
goal was to quantitatively evaluate the
390

frequency and effect of adjuvant RT on
overall and relative survival.
METHODS
Data and Study Population

Data were obtained from the Surveillance, 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, populationbased, central cancer registries in the
United States (data from Connecticut,
Iowa, Hawaii, New Mexico, Utah, metropolitan 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 organizations under contract with the NCI. Serial registry data are submitted electronically without personal identifiers
(deidentified) to the NCI on a biannual basis and the NCI thereafter makes
the data available to the public for research purposes.10 Because all SEER database information remains deidentified, approval by an ethics committee
and informed consent by the study participants were not necessary to perform the analyses. The case ascertainment rate from the SEER registries has
been reported to be 97.5%. The SEER
database is the authoritative source of
population-based information on cancer incidence and survival in the United
States. In general, the populations covered by SEER are known to be representative of the whole United States.11
The analyzed study population included women diagnosed with American Joint Committee on Cancer stage
IA-C (T1a-T1c disease without nodal
involvement or distant disease spread)
endometrial adenocarcinoma who underwent TAH-BSO. Histological classification was based on the International Classification of Diseases for
Oncology codes (ICD 8380).12 Patients
were included who were diagnosed
between January 1, 1988, and December 31, 2001, and for whom complete
data sets were available. The follow-
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ing prognostic factors were included in
the analysis: age, race, stage, grade, extent of surgery (whether pelvic or paraaortic lymph nodes were sampled in
addition to TAH-BSO), and whether
postoperative adjuvant RT was administered. Sampling of pelvic or paraaortic lymph nodes at time of TAHBSO was designated as surgical lymph
node examination. Information on race
was used as entered in the SEER database (self-determined). This information was analyzed to evaluate known
differences in prognosis according to
race. The following were causes for patient exclusion from the analysis: clinical or pathological lymph node involvement (N1 disease), distant spread (M1
disease), surgery did not include TAHBSO, lack of pathological staging, and
cases with missing variables. Of 39 205
women diagnosed with stage IA-C endometrial 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 reasons (some patients had ⬎1 exclusion
criteria), such as lack of tumor grade
information (n = 2816), lack of documented hysterectomy (n=1341), lack
of known T status or lymph node status (n = 15 133), presence of N1 disease (n = 793), or unknown administration of RT (n=487). All participants
in the SEER program routinely link patient files with vital records (ie, death
certificates) in their respective areas of
coverage to identify patients with cancer who have died (regardless of cause
of death); therefore, death certificates
are the source for information regarding underlying cause of death as recorded in the SEER program database.
Furthermore, the National Center for
Health Statistics conducts routine reviews 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 logrank 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 function is the Kaplan-Meier (productlimit estimator). With the KaplanMeier survival curve, a consistent
estimate of the survival curve can be
computed from randomly censored
data. At each patient death, the conditional probability of survival during the
interval since the last death is calculated as the number of patients observed to survive beyond that point
(those patients who have not yet died
and have not left the trial for other reasons) 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. Using the stratified log-rank test instead
of doing an individual log-rank test provides 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 survival, 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 relapses, which are necessary to determine event-free survival. As expected,
we found overall survival to be highly
affected by age. To ensure that any differences attributed to age are disease
specific, we modeled survival relative
to the US population. Cox proportional hazards regression modeling is
based on the proportional hazards assumption, which states that each covariate affects the hazard of the event
of interest (for overall survival, death)

occurring multiplicatively. To adapt the
classic Cox proportional hazards regression 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 experienced 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 beyond this known hazard.
We used proportional hazards modeling of the relative survival to assess
the effects of clinicopathological factors.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 radiation to vary depending on the other
covariates). We next examined the
residuals and conducted a formal test
of the underlying assumption of proportional 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 hazards 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; therefore, we added an appropriate timedependent covariate: the interaction of
time since diagnosis and age at
diagnosis. The resulting model
showed no evidence of nonproportional 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 interactions or second-order interactions
involving radiation were found (global
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likelihood-ratio test, P = .72). Some
of the terms in the model are not statistically significant; however, we
have made no attempts to eliminate
them as our goal is the estimation of
the radiation-related effects and extensive 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 PublicUse Database 1973-1999, November
2003 Submission. R version 2.1.0 was
used for statistical analyses.15 We defined P⬍.05 to be statistically significant.
RESULTS
A total of 21 249 women were included 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 vaginal 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 associated with both older age and increased 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 endometrial cancer, 2165 died from other
causes, and 120 had no recorded causeof-death information). The median follow-up time for women included in the
analysis was 46 months (range, 0.1167.0 months).
Survival Probabilities

FIGURE 1 shows Kaplan-Meier survival curves for overall survival with or
without RT compared via stratified log-
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rank test within each stage/grade combination adjusting for age. As expected, 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 cohorts were found to have statistically

significant improvements in overall survival with the addition of adjuvant RT
(both P⬍.001). The 5-year overall survival 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-

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

2

3-4

1-4

4155
58.4 (12.3)

1896
60.4 (12.5)

739
64.7 (11.7)

6790
59.6 (12.5)

White race, No. (%)
Surgical nodal sampling, No. (%)
Adjuvant RT, No. (%)
Adjuvant RT by age group, No. (%), y
⬍40
40-55
56-75
⬎75
Stage IB
No. of women
Age, mean (SD), y
White race, No. (%)
Surgical nodal sampling, No. (%)
Adjuvant RT, No. (%)
Adjuvant RT by age group, No. (%), y
⬍40
40-55
56-75

3557 (85.6)
1039 (25.0)
91 (2.2)

1638 (86.4)
779 (41.1)
104 (5.5)

587 (79.4)
499 (67.5)
145 (19.6)

5785 (85.2)
2315 (34.1)
340 (5.0)

9 (2.5)
29 (2.0)
41 (2.0)
11 (3.1)

3 (2.4)
25 (4.5)
64 (6.5)
13 (5.6)

5 (23.8)
26 (19.7)
93 (21.1)
21 (14.4)

17 (3.4)
80 (3.8)
198 (5.8)
45 (6.1)

5054
62.4 (11.7)
4619 (91.4)
1587 (31.4)
359 (7.1)

4316
63.9 (11.5)
3859 (89.4)
2041 (47.3)
751 (17.4)

11 (5.2)
87 (7.1)
218 (7.5)

27 (19.9)
149 (17.0)
472 (18.3)

19 (41.3)
170 (49.4)
525 (47.0)

57 (14.4)
406 (16.6)
1215 (18.4)

⬎75
Stage IC
No. of women
Age, mean (SD), y
White race, No. (%)
Surgical nodal sampling, No. (%)
Adjuvant RT, No. (%)
Adjuvant RT by age group, No. (%), y
⬍40
40-55
56-75

41 (5.8)

101 (13.9)

124 (28.1)

266 (14.2)

901
69.1 (11.0)
842 (93.5)
429 (47.6)
438 (48.6)

1354
69.3 (10.9)
1243 (91.8)
760 (56.1)
792 (58.5)

886
69.0 (11.7)
787 (88.8)
605 (68.3)
556 (62.8)

3141
69.2 (11.2)
2871 (91.4)
1794 (57.1)
1787 (56.9)

10 (55.6)
40 (50.0)
289 (54.8)

11 (47.8)
71 (56.8)
504 (64.3)

7 (58.3)
73 (65.2)
321 (69.3)

28 (52.8)
184 (58.0)
1114 (62.8)

99 (35.9)

206 (48.8)

155 (51.8)

460 (46.1)

10 110
61.4 (12.3)
9018 (89.2)
3053 (30.2)
890 (8.8)

7566
64.0 (12.0)
6741 (89.1)
3579 (47.3)
1649 (21.8)

30 (5.1)
156 (5.7)
548 (10.1)
151 (11.3)

41 (14.4)
245 (15.8)
1040 (23.9)
320 (23.2)

Stage IA
No. of women
Age, mean (SD), y

⬎75
Combined stage IA-C
No. of women
Age, mean (SD), y
White race, No. (%)
Surgical nodal sampling, No. (%)
Adjuvant RT, No. (%)
Adjuvant RT by age group, No. (%), y
⬍40
40-55
56-75
⬎75

Hazard Ratios

Abbreviations: AJCC, American Joint Committee on Cancer; RT, radiation therapy.
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1948
11 318
65.7 (11.8)
63.6 (11.7)
1667 (85.6) 10 152 (89.7)
1367 (70.2)
5003 (44.2)
838 (43.0)
1947 (17.2)

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%, respectively. 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 without 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%, respectively. No additional stage/grade
groups were found to have statistically 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 broken down by age groups as no statistically 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, respectively). No additional stage/grade patient
groups were found to have statistically
significant differences in relative survival associated with RT.
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3573
21 249
66.3 (11.9)
63.1 (12.3)
3041 (85.1) 18 805 (88.5)
2469 (69.1)
9116 (42.9)
1540 (43.1)
4080 (19.2)
31 (39.2)
269 (45.7)
939 (46.5)
300 (33.9)

102 (10.7)
670 (13.7)
2527 (21.4)
771 (21.4)

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 difference between any 2 groups cannot be
summarized with 1 HR value. Nonetheless, investigation of the 9 baseline hazard estimates showed that both higher
stage and higher grade disease were
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Figure 1. Kaplan-Meier Curves for Overall Survival by Stage, Grade, Age at Diagnosis, and Radiation Therapy

No Radiation
Age <56 y
Age 56-75 y
Age >75 y

Stage IA, Grade 1

Radiation
Age <56 y
Age 56-75 y
Age >75 y

Stage IA, Grade 2

Stage IA, Grade 3-4

1.0

Proportion Surviving

0.8

0.6

0.4

0.2
P = .58

P = .28

P = .42

0
No. at Risk
Radiation
90
No Radiation 4019

75
2712

50
1678

30
948

12
402

3
150

105
1771

78
1205

Stage IB, Grade 1

52
722

34
417

6
163

2
48

144
589

87
339

Stage IB, Grade 2

46
185

27
92

12
31

3
9

Stage IB, Grade 3-4

1.0

Proportion Surviving

0.8

0.6

0.4

0.2
P = .86

P = .58

P = .41

0
No. at Risk
Radiation
356
No Radiation 4645

257
3135

174
1978

109
1105

46
464

13
143

741
3527

532
2407

Stage IC, Grade 1

343
1438

193
779

72
282

25
76

833
1093

546
621

Stage IC, Grade 2

312
342

160
177

62
67

18
17

Stage IC, Grade 3-4

1.0

Proportion Surviving

0.8

0.6

0.4

0.2
P <.001

P <.001

P = .60

0
0

100

180

0

100

Time Since Diagnosis, mo
No. at Risk
Radiation
No Radiation

435
459

312
270

199
153

96
76

45
31

16
9

180

0

100

Time Since Diagnosis, mo
785
555

538
342

350
171

192
86

70
29

180

Time Since Diagnosis, mo

14
5

555
325

316
142

154
69

77
26

30
11

10
4

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 calculated based on the fitted model. In short
term, higher age at diagnosis was associated 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, disappearing in approximately 5 years. White
race and having had a surgical lymph
node examination at the time of TAHBSO 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, 0.801.00; respectively, averaged over all
interactions).
Our regression analysis further revealed an interesting pattern of depen-

Figure 2. Effect of Radiation on Relative Survival by Stage and Grade
Stage IA, Grade 1

Stage IA, Grade 2

Stage IA, Grade 3-4

1.4

Relative Survival

1.0
0.8
0.6
0.4
Radiation
No Radiation
P = .42

P = .19

P = .96

0.2
0
No. of Patients
Radiation
73
No Radiation 3526

50
60
2431

100
40
1536

24
890

8
393

150

0

50

2
145

88
1538

66
1064

Stage IB, Grade 1

100
44
656

30
392

150
5
155

2
52

50
123
500

82
301

Stage IB, Grade 2

100
44
171

26
88

150
12
29

3
9

Stage IB, Grade 3-4

1.4

Relative Survival

1.0
0.8
0.6
0.4

P = .51

P = .88

P = .58

0.2
0
No. of Patients
Radiation
319
No Radiation 4089

50
235
2827

100
155
1797

99
1023

42
431

150

0

50

13
140

675
3119

490
2182

Stage IC, Grade 1

100
319
1309

186
728

70
265

150

0

50

27
74

740
943

493
537

Stage IC, Grade 2

100
294
296

152
164

150
61
58

18
17

Stage IC, Grade 3-4

1.4

Relative Survival

1.0
0.8
0.6
0.4

P <.001

P = .009

P = .56

0.2
0

50

100

150

0

Time Since Diagnosis, mo
No. of Patients
Radiation
No Radiation

386
384

283
2229

184
133

88
66

41
28

50

100

150

0

Time Since Diagnosis, mo
14
8

696
464

489
294

320
153

179
79

50

100

150

Time Since Diagnosis, mo
67
25

14
5

481
272

291
127

147
63

74
25

29
11

9
3

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 depending on stage and grade: higher
grade was associated with diminished
effect of radiation, and higher stage was
associated with increase in the relative survival. Detailed HR estimates for
each stage/grade combination for a typical 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 various influences resulted in statistically
detectable beneficial effect of adjuvant 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 performed 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 endometrial adenocarcinoma by analyzing a
large US population database. Radiation therapy was significantly associated 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).

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

All Patients
Stage/
Grade
IA/1
IB/1

Hazard Ratio
(95% Confidence Interval)
0.73 (0.34-1.57)
0.89 (0.62-1.27)

P
Value
.42
.51

Hazard Ratio
(95% Confidence Interval)
0.80 (0.44-1.45)
0.75 (0.49-1.16)

P
Value
.46
.20

IC/1
IA/2
IB/2

0.44 (0.31-0.63)
1.42 (0.84-2.37)
1.02 (0.81-1.28)

⬍.001
.19
.88

0.59 (0.39-0.90)
1.15 (0.68-1.94)
1.08 (0.80-1.45)

.01
.59
.62

IC/2
IA/3-4
IB/3-4

0.93 (0.73-1.19)
1.01 (0.65-1.56)
0.94 (0.77-1.16)

.56
.96
.58

0.84 (0.62-1.14)
1.03 (0.64-1.66)
0.95 (0.74-1.21)

.26
.90
.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.

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 prognostic factors have 5-year overall survival 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 highgrade tumors and deep (⬎50%) myometrial invasion have a significantly
higher risk of both locoregional and distant relapse.8 The Gynecologic Oncology Group staging study16 revealed that
microscopic pelvic nodal metastases
were present in 18% of patients with
clinical stage I and deep myometrial invasion (defined as outer third of the
myometrial wall) in comparison with
less than 10% for the rest of the population. The randomized trial results reported by Aalders et al1 revealed that
the addition of external beam radiation after TAH-BSO and vaginal brachytherapy led to reduced vaginal and pelvic recurrence rates, although a
statistically significant survival benefit was not observed (5-year survival
rate, 89% vs 91%). This study also suggested a survival benefit for the specific subgroup of patients with grade 3
tumors and deep (stage IC) myometrial invasion. The study by Meerwaldt et al17 also reported an increase
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in local-regional relapse rate for the specific 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 assignment within the multicenter Postoperative Radiation Therapy in Endometrial Carcinoma trial of stage I
disease.2 As shown in the study by
Creutzberg et al,8 the high-risk patients (stage IC/grade 3) who were excluded from randomization but who
were registered experienced a 5-year local-regional relapse rate of 14%, distant metastatic rate of 31%, and overall 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 Postoperative Radiation Therapy in Endometrial Carcinoma trial.2 Creutzberg et al8
reported that grade 3 disease was the
most important adverse prognostic factor on multivariate analysis associated
with relapse and death as a result of endometrial cancer.
Although adjuvant RT has not led to
clear statistically significant differences in survival end points from past
randomized trials, it is significant that
our population analysis reveals a benefit in both overall and relative survival for adjuvant RT in stage IC disease (grades 1 and 3-4 cohorts). It has
been postulated that the lack of clear
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survival benefit in these prior randomized trials has been due to poor accrual and insufficient patient numbers at the time of analysis. As described
above, RT has been shown in numerous phase 3 trials of early stage endometrial cancer to improve both the local 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 disease, several groups are currently performing randomized phase 3 trials to
compare outcomes for patients with
high-risk disease with adjuvant chemotherapy and RT vs adjuvant RT alone
(stage IC/grade 3, stages II and III,
and/or papillary serous or clear-cell histology). In addition, 2 randomized trials
have been completed evaluating the efficacy of chemotherapy in the adjuvant setting. The study by Morrow et
al18 reported no benefit to adding singleagent doxorubicin in the postoperative setting. Multiagent chemotherapy
has also been shown to be of benefit in
those women with metastatic endometrial carcinoma.19 Given that our analysis as well as other analyses have revealed 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 chemotherapy trials; one should be aware
of potential selection bias.
Several limitations of this US population-based study must be considered.
Although there is a reported 97.5% ascertainment at the participating SEER
sites, these sites only comprise approximately 10% of the US population.11 In
addition, specific clinical and pathological data known to be of prognostic
significance are not readily available, including information regarding lymphovascular invasion, precise depth of myometrial invasion, lower uterine segment
involvement, or specifics of RT, such as
radiation dose, field sizes, and compliance with therapy.10 Therefore, we were
unable to adjust for these factors in our
396

analyses. Our results reveal a statistical
association between adjuvant RT and
survival; however, these data do not
prove a causal relationship. We observed 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 inherent difficulties assigning grade. In addition, the SEER database does not record history of treatment failure (whether
local-regional or distant spread) or time
of relapse. The lack of these data prevent SEER population analyses from
containing an event-free survival component. Individual data on socioeconomic status were not analyzed in our
study and may play a role in patient outcomes. However, due to recent collaborations by the NCI with the Census Bureau, the National Heart, Lung, and
Blood Institute, the National Institute on
Aging, and the National Center for
Health Statistics, an analysis of socioeconomic status using SEER data are
possible. The SEER project has been formulated to allow future researchers to
more comprehensively analyze race/
ethnicity, socioeconomic, and treatment differences in cancer outcomes for
major cancer sites.21
Our study is an observational study
in which patients were not randomized to whether or not to receive radiation. The choice was made based on the
patient’s clinical status and the treating physician’s beliefs and judgment. It
would be tempting to include all possible influences affecting survival and
the decision to administer RT in a
model; however, having too many covariates 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 biasing our conclusions. The factors affecting the postdiagnosis survival can be of
several types: those that affect survival but do not contribute to the decision whether to administer RT,
known factors that affect both survival and the decision to administer RT,
or unknown or unmeasured factors that
affect both survival and the decision to
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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 (factors that affect the decision to give RT
but do not affect survival independently of other covariates included in
the analysis), the omission of such factors reduces the precision of the estimates of the effect of radiation; however, it does not bias the results. We
believe geographical differences are included in the latter category. When the
known factors that affect both survival and the decision to administer RT
are included in the model, the estimated effect of radiation is adjusted for
such factors, as long as the model adequately captures the effect of the variable. T stage, grade, race, age at diagnosis, and history of surgical lymph
node examination belong in this category. The most difficult type to deal
with is unknown or unmeasured factors that affect both survival and the decision 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 results against RT. Therefore, any findings of beneficial effect of RT are likely
to be real (if underestimated), although findings of no effect are less conclusive.
As the largest reported population
analysis to our knowledge of adjuvant
RT in early stage endometrial adenocarcinoma to date, it is significant that our
study reveals a benefit in overall and relative survival for adjuvant RT in stage IC/
grade 1 and stage IC/grades 3 and 4 disease. This information should be added
to previous articles in the literature that
confirm beneficial effects of adjuvant RT
on both local and distant tumor control 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, tumor 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 malignancies. Future work is needed to continue to delineate clinical and biological factors that can guide treatment and
account for disparities in outcome between varied subsets of patients.
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Table. Annual Number of Laparoscopic Cases
Years Since Introduction
Procedure
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4
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6

7

8

9

10

11

12

13

14

15

16 247 93 464 270 991 363 161 354 565 348 323 331 076 333 600 327 092 316 733 319 793 346 157 351 736 360 844 358 069
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1613
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13 111

15 802
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23 993

24 761

24 188

18 981
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4838

6181

13 102
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44 852

41 401

42 335

48 578

68 455

60 805

60 733

64 639

69 659

Nephrectomy indication
Cancer

35
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199

283

308

563

532

701

1226

1968

4221

5093

Benign disease
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454

573

614

767

898

1261

1055

1947

1662

1896

2823

3388

11

4
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21
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1648

1789

Hysterectomy
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CORRECTIONS
Incorrect Unit of Measure: In the Original Contribution entitled “Effect of 6-Month
Calorie Restriction on Biomarkers of Longevity, Metabolic Adaptation, and Oxidative Stress in Overweight Individuals: A Randomized Controlled Trial” published in the April 5, 2006, issue of JAMA (2006;295:1539-1548), an incorrect
unit of measure was given for dehydroepiandrosterone sulfate (DHEAS). On page
1543 (Table 1) and page 1544 (Figure 3), the unit of measure for DHEAS should
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