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Abstract

Background: The aim of the study was to determine the impact of 
lower uterine segment (LUS) on progression free survival (PFS), 
recurrence patterns and outcomes in women with high-grade endo-
metrial cancer.

Methods: A single-institution, retrospective cohort study was per-
formed to evaluate the impact of LUS involvement in women with 
stage I-III high-grade endometrial cancer diagnosed between Janu-
ary 2005 and September 2010. Clinical and pathology data were 
collected from electronic medical records. Univariate tests and 
multivariate Cox modeling were applied.

Results: Of 282 cases, 48.6% (137/282) were LUS-positive. Body 
mass index, age, hypertension and diabetes did not differ by LUS 
status. LUS involvement was associated with lymphovascular 
space invasion (LVSI) (52.9% vs. 30.5%, P < 0.001), deep myome-
trial invasion (48.9% vs. 24.1%, P < 0.001), and nodal metastases 
(38.7% vs. 11.6%, P < 0.001). Even after adjusting for obesity, deep 
myometrial invasion, LVSI, nodal status, stage, histology, and adju-
vant therapy, LUS-positive cases had significantly worse PFS (HR 
1.83, 95% CI 1.11 - 3.02, P = 0.02). LUS-positive cases recurred 
more frequently despite adjuvant therapy including radiation, che-
motherapy or both. Recurrence patterns did not differ by LUS sta-
tus (P = 0.22).

Conclusions: LUS involvement in high-grade endometrial cancers 

is associated with worse PFS independent of other poor prognostic 
factors. Future studies evaluating volume-directed therapy may im-
prove patient outcomes.

Keywords: Lower uterine segment involvement; Endometrial can-
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Introduction

Endometrial cancer is the fourth most common cancer in 
women in the US, and the most common gynecologic ma-
lignancy. According to the American Cancer Society, ap-
proximately 49,560 new cases will be diagnosed in the US 
in 2013, with an estimated 8,190 cancer-related deaths [1]. 
Although approximately 68% of endometrial cancers are di-
agnosed at an early stage, with overall reassuring prognosis, 
a subset of these cases with high-grade histology, may be-
have more aggressively [2]. For example, uterine papillary 
serous carcinoma is diagnosed in advanced stages approxi-
mately 40% of the time, and while this uncommon histologic 
subtype represents only 10% of endometrial cancer cases, it 
is responsible for a disproportionate 40% of deaths from this 
disease [3-5].

In addition to high-grade histology, various pathologic 
features have been associated with worse prognosis. Stage, 
lymphovascular space invasion (LVSI), deep myometrial in-
vasion, histologic subtypes and nodal involvement have been 
associated with increased recurrence risk and cancer-related 
mortality [6, 7]. More recent investigation has suggested that 
LUS involvement may be associated with other poor prog-
nostic features such as increased myometrial invasion, LVSI 
[8], nodal metastases [9], and higher-grade histology [10].

In an unadjusted survival analysis evaluating primary 
tumor location in 88 patients, Hachisuga et al found no sig-
nificant difference in outcomes between those women with 
a tumor located higher in the corpus and those women with 
tumors located in the LUS [11]. Brown et al found that LUS 
involvement, when adjusted for other risk factors such as 
deep myometrial invasion or high-risk histologies, was not 
independently associated with worse progression free sur-
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vival (PFS) or overall survival (OS) in surgically staged 
node negative patients [12]. In contrast, Lavie et al found a 
trend for worse PFS (HR 2.4, 95% CI 0.7 - 8.2, P = 0.16) and 
OS with LUS involvement (HR 1.54, 95% CI 0.82 - 2.91, P 
= 0.18) in clinical stage I endometrial cancer patients who 
underwent primary surgical management [13]. In a larger 
multi-institutional retrospective study where adjustments 
were made for age, tumor grade, deep invasion, LVSI, lymph 
node sampling, and post-operative adjuvant radiotherapy, 
worse OS (HR 2.3, 95% CI 1.3 - 3.9, P = 0.003) was associ-
ated with LUS involvement [14]. Additionally, Kizer et al 
found that LUS involvement increased recurrence (HR 2.27, 
95% CI 1.1 - 4.7, P = 0.03) and worsened OS (HR 1.76, 95% 
CI 1.12 - 2.87, P = 0.01) in women with surgical stage I/II 
disease [15].

To date, the majority of studies evaluating LUS involve-
ment have focused on the low-grade, endometrioid histol-
ogy. Simpkins et al evaluated stage I endometrioid adeno-
carcinomas with LVSI and found recurrence and OS to be 
significantly associated with LUS involvement [16]. Few 
studies have focused on high-grade histologies. In a small 
series of 79 patients with stage I/II serous and clear cell 
endometrial cancer, LUS involvement, LVSI, and adjuvant 
radiation were associated with recurrence-free survival and 
disease-specific survival [17].

The results of the studies performed to date have been 

conflicting and failed to focus upon those cases with the 
highest risk histologies. This study sought to determine the 
relationship of LUS involvement to other clinical-pathologic 
factors in a large cohort of women with high-grade endome-
trial cancers limited to pelvic and retroperitoneal disease (i.e. 
stage I-III), and to evaluate the impact of LUS involvement 
on endometrial cancer outcomes and patterns of recurrence.

 
Materials and Methods

   
Following IRB approval, a single-institution, retrospective 
cohort analysis was performed, comparing LUS-positive to 
LUS-negative cases in women with stage I-III, grade 3 endo-
metrial cancer diagnosed between January 1, 2005 and Sep-
tember 30, 2010. Surgeries were performed by gynecologic 
oncologists via open, laparoscopic or robotic modalities, and 
retroperitoneal lymph node dissection was performed in all 
cases where surgically feasible. Thirty-four (12%) patients 
did not undergo lymph node dissection. Clinical and patho-
logic data were abstracted from electronic medical records. 
Pathology reports with a histologic diagnosis of grade 3 en-
dometrioid, papillary serous, clear cell, and carcinosarcoma 
were included. All pathology diagnoses were reviewed by 
gynecologic pathologists and at a weekly multidisciplinary 
tumor board conference. FIGO 2008 staging criteria were 

LUS-positive (n = 137) (% 
or SD)

LUS-negative (n = 145) (% 
or SD) P value

Age (mean) 65.5 (10.9) 66.8 (10.8) 0.3267

Race 0.099

Caucasian 81 (59.1) 100 (69.0)

African American 49 (35.8) 35 (24.1)

Other 7 (5.1) 10 (6.9)

BMI (mean) 32.5 (8.3) 31.1 (8.2) 0.1905

Overweight-obese 108 (78.8) 109 (75.2) 0.527

Diabetes 34 (24.8) 33 (22.8) 0.685

Hypertension 78 (57.8) 86 (59.7) 0.742

Adjuvant therapy 106 (77.4) 90 (62.1) 0.005

Radiation 90 (65.7) 73 (50.3) 0.021

Chemotherapy 83 (60.6) 68 (46.9) 0.066

Recurrence 53 (38.7) 30 (20.7) 0.001

Table 1. Demographic Data for Lower Uterine Segment Positive and Negative Tumors
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used. LUS involvement was determined based on perma-
nent-section paraffin embedded hematoxilin and eosin his-
tology and captured in the pathology report. Cases without 
LUS status documented were excluded. The gynecologic 
pathologists at our institution defined LUS as gross visu-
alization of tumor involvement of the narrowest portion of 
the uterine canal between the cervical os and uterine fundus. 
LUS is further defined by confirmation by histologic exami-
nation, where tumor involvement is present at the junctional 
mucosa between endocervical mucinous glands and endo-
metrial glands.

For clinical factors, race was obtained from self-report-
ed information at the time of patient registration. Body mass 
index (BMI) was obtained from intake height and weight at 
the preoperative visit. Information on medical comorbidities 
was collected by the physician at the preoperative consulta-
tion. Recurrence data were captured from electronic medi-
cal chart review. Recurrence location was defined as vaginal 
only, pelvic only (excluding the vagina), or distant (beyond 
the pelvis). OS data were captured from electronic medical 
records and the social security death index (http://www.ge-
nealogybank.com/gbnk/ssdi/?kbid).

Statistical analyses were performed with STATA v.11 us-
ing univariate and bivariate analyses with t-tests, X2, and 
log-rank tests. Multivariate regressions were performed by 

Cox modeling. Interaction terms were tested for covariates 
deemed significant based on bivariate analysis. Two-sided P 
values < 0.05 were considered statistically significant.

 
Results

  
Two hundred eighty-two cases were identified. This sample 
population had a mean age of 66.2 years (SD 10.9) and a 
mean BMI of 31.8 (SD 8.3). Sixty-four percent of the pa-
tients were white, 29.8% black, and 6.1% other. More than 
half of the patients had hypertension (58.2%) and nearly 
one-quarter (23.8%) had diabetes. Staging distribution in-
cluded the following: 49.7% stage Ia, 17.0% stage Ib, 8.2% 
stage II, 3.6% stage IIIa, 0.7% stage IIIb, 10.3% stage IIIc1, 
and 10.6% stage IIIc2. Uterine serous carcinoma and clear 
cell carcinomas consisted of the largest proportion of cases 
(46.8%), followed by endometrioid (36.2%), and carcino-
sarcoma (17.0%). Uterine factors revealed that 36.2% of 
cases had deep myometrial invasion, and 40.8% had positive 
LVSI. One-fifth (21.5%) of cases were positive for nodal dis-
ease. The overall recurrence rate was 29.4%.

Of the 282 patients described above, 48.6% (137/282) 
were LUS-positive. Age and BMI did not differ by LUS sta-
tus (Table 1). African-Americans consisted of a greater pro-

Table 2. Stage and Uterine Characteristics Associated With Lower Uterine Segment Positive and 
Negative Tumors

aLypmhovascular invasion.

LUS-positive (%) LUS-negative (%) P value

Primary stage < 0.001
I 67 (48.9) 121 (83.5)

II 20 (14.6) 3 (2.1)

III 50 (36.5) 21 (14.5)

Histology 0.148

Endometrioid 42 (30.7) 60 (41.4)

Serous/clear cell 68 (49.6) 64 (44.1)

Carcinosarcoma 27 (19.7) 21 (14.5)

LVSIa 72 (52.9) 43 (30.5) < 0.001

Myometrial invasion  > 50% 67 (48.9) 35 (24.1) < 0.001

Nodal metastases 46 (38.7) 15 (11.6) < 0.001

Pelvic node + 42 (37.2) 14 (11.2)

Para-aortic node + 23 (23.5) 7 (6.0)
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portion of LUS-positive than LUS-negative groups (35.8% 
vs. 24.1%, P = 0.10). LUS-positive tumors were more likely 
to be associated with advanced stage (36.5% vs. 14.5% stage 
III cases, P < 0.001), LVSI (52.9% vs. 30.5%, P < 0.001), 
deep myometrial invasion (48.9% vs. 24.1%, P < 0.001), 
and positive lymph nodes (38.7% vs. 11.6%, P < 0.001), as 
summarized in Table 2. Both pelvic lymph nodes (37.2% vs. 
11.2%, P < 0.001) and periaortic lymph nodes (23.5% vs. 
6.0%, P < 0.001) were more likely to be positive in LUS-pos-
itive tumors. Similar histology was seen in both LUS-positive 
(endometrioid 41.4%, papillary serous and clear cell 44.1% 
and carcinosarcoma 14.5%) and LUS-negative tumors (en-
dometrioid 30.7%, papillary serous and clear cell 49.6% and 
carcinosarcoma 19.7%, P = 0.15), with a higher percentage 
of endometrioid tumors in LUS-negative group. Due to more 
advanced stages and an increased risk of nodal disease, LUS-
positive group received more adjuvant treatment (77.4% vs. 
62.1%, P = 0.005). Specifically they received more adjuvant 
chemotherapy (60.6% vs. 46.9%, P = 0.07) and more radia-
tion therapy (65.7% vs. 50.3%, P = 0.02).

Despite receiving more adjuvant therapy, women with 
LUS-positive group had more recurrences (38.7% vs. 20.7%, 
P = 0.001) and worse PFS than the LUS-negative group, with 
a median of 16.3 months compared to 21.4 months. As seen 
in Figure 1, worse PFS was observed in LUS-positive tumors 
even after adjusting for race, BMI, LVSI, myometrial inva-
sion, stage, and adjuvant treatment (HR 1.83, 95% CI 1.11 

- 3.02, P = 0.02). The LUS-positive group also had worse OS 
(HR 2.18, 95% CI 1.25 - 3.80, P = 0.006) in the unadjusted 
analysis, with a median of 24.0 versus 25.5 months (Fig. 2). 
However, this effect was diminished after adjusting for race, 
BMI, LVSI, myometrial invasion, stage and adjuvant treat-
ment (HR 1.74, 95% CI 0.89 - 3.40, P = 0.10). Within the 
subset of serous and clear cell histologies, LUS involvement 
had worse median PFS (18.6 vs. 22.9 months), with three 
times the likelihood of progression (HR 3.10, 95% CI 1.51 
- 6.38, P = 0.002), although the effect was diminished in the 
adjusted model (HR 1.52, 95% CI 0.63 - 3.70, P = 0.35). Pa-
tients with LUS involvement also exhibited worse OS (24.4 
vs. 28.7 median months) (HR 2.69, 95% CI 1.31 - 5.52, P 
= 0.07), although the effect was diminished in the adjusted 
model (HR 1.25, 95% CI 0.48 - 3.24, P = 0.65).

When further examined by stage and type of adjuvant 
therapy, stage I patients treated only with chemotherapy (n 
= 18) had a 50% (6/12) recurrence rate in the LUS-negative 
group as compared to 33% (2/6) in the LUS-positive group 
(P = 0.44). For stage I patients who received only radiation 
(n = 34), the LUS-positive group had slightly more recur-
rences at 29% (4/14) versus 15% (3/20), P = 0.30. Those 
who received both chemotherapy and radiation (n = 57) also 
showed a trend towards higher rates of recurrence in the 
LUS-positive group at 29% (6/21) as compared to 14% in 
the LUS-negative group (5/36), P = 0.16. Stage II had the 
smallest number of patients in general (n = 23), and there 

Figure 1. Progression free survival by LUS.
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were no recurrences seen in the LUS-negative group. Within 
the LUS-positive stage II tumors, one patient who received 
only chemotherapy recurred, one patient who received no 
adjuvant treatment recurred, 25% (2/8) who received only 
radiation recurred, and 40% (4/10) treated with both che-
motherapy and XRT recurred for an overall recurrence rate 
of 34% (8/23). Evaluation of stage III patients treated with 
chemotherapy alone (n= 13) revealed that the LUS-positive 
group had more recurrences at 75% (6/8) than the LUS-
negative group with 20% (1/5), P = 0.09. Only two patients 
received radiation alone, and no recurrence was noted at the 
time of analysis. Of those that received chemotherapy and 
radiation (n = 49), the LUS-positive group had more recur-
rences at 53% (19/36) versus the LUS-negative group with 
23% (3/13), P = 0.06.

There was no difference in patterns of recurrence be-
tween LUS-positive and LUS-negative tumors (Table 3). 
Within the LUS-positive group, 22.6% of recurrences oc-
curred in the vagina, 9.4% in the pelvis, and 67.9% in the 
abdomen or distantly. Tumors without LUS involvement had 
20% vaginal cuff recurrences, 23.3% pelvic recurrences, and 
56.7% distant recurrences (P = 0.22).

Discussion
  
LUS involvement in endometrial cancer appears to be an 

independent risk factor for increased risk of recurrence and 
worse PFS in grade 3 endometrial cancers, even after con-
trolling for high-risk factors such as race, myometrial inva-
sion, LVSI and histology [18]. Despite receiving more adju-
vant treatment (77.4% vs. 62.1%), LUS-positive patients had 
worse PFS (HR 1.83, P = 0.02). In contrast to earlier stud-
ies that did not find a significant association between LUS 
involvement possibly due to limited sample size, our study 
shows that LUS may be an independent prognostic factor 
associated with worse prognosis.

Our study confirms that LUS involvement is associated 
with other poor prognostic factors including deep myome-
trial invasion (48.9% vs. 24.1%, P < 0.001), LVSI (52.9% vs. 
30.5%, P < 0.001), and nodal metastases (38.7% vs. 11.6%, P 
< 0.001) similar to previously published studies [9, 13, 15]. 
In their analysis, which was limited to stage I and II tumors, 
Kizer et al found that 30% of LUS-positive cases had LVSI 
compared to only 16.3% in LUS-negative cases (P = 0.01). 
However, they did not evaluate myometrial invasion or nodal 
status [15]. Madom et al found that LUS-positive cases had 
substantially more LVSI (39% vs. 4.3%, P < 0.01), positive 
nodes (25% vs. 8%, P < 0.01), and deep myometrial invasion 
(33.6% vs. 7.4%, P < 0.01) [9] and Lavie et al also reported 
more deep myometrial invasion in LUS-positive cases (34% 
vs. 14%, P = 0.003) [13].

LUS involvement has also been shown to be more fre-
quently associated with type II histologies [12]. Sixty-nine 

Figure 2. Overall survival by LUS.
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percent of LUS-positive tumors consisted of high-risk histol-
ogies including serous, clear cell and carcinosarcoma com-
pared to 59% in LUS-negative tumors. Interestingly, when 
limiting our analysis of grade 3 tumors to type II histologies 
(clear cell and papillary serous, n = 132), there also appeared 
to be worse PFS and OS in LUS-positive patients. However, 
after controlling for stage, myometrial invasion, nodal status 
and adjuvant treatment, LUS-positive tumors were associ-
ated with a smaller effect on PFS (HR 1.52, 95% CI 0.63 
- 3.70, P = 0.35) and OS (HR 1.25, 95% CI 0.48 - 3.24, P = 
0.65). In both cases, the smaller sample size likely precluded 
finding statistical significance. In light of the association of 
LUS involvement with not only grade 3 endometrioid can-
cers, but also the more aggressive histologic subtypes, it ap-
pears that tumors with LUS involvement may behave more 
aggressively than those with the same risk factors and no 
LUS involvement.

Furthermore, exploration of recurrence frequency by 
treatment modality in patients of the same stage, revealed 
more recurrences in those that were LUS-positive. Within 
the subset of patients with stage I disease, recurrence was 
seen more frequently in LUS-positive patients who had ra-
diation alone (29% vs. 15%) or combination therapy (29% 
vs. 14%). Interestingly, those who had only chemotherapy 
alone fared worse in the LUS-negative group (50% vs. 33%) 
than the LUS-positive group; of course, it is difficult to draw 
conclusions based on this subset of only 18 patients. Within 
stage III patients, recurrences were also more common in 
LUS-positive patients, whether they received only adjuvant 
chemotherapy (75% vs. 20%) or both radiation and chemo-
therapy (53% vs. 23%). Small sample size precluded find-
ing statistical significance in these comparisons; however, 
further analyses are warranted to understand these interest-
ing trends associated with LUS involvement, particularly in 
those of similar stage who received systemic therapy.

As much as LUS involvement appears to be an inde-
pendent risk factor for recurrence, it does not appear to be 
associated with the location of recurrence. Previous studies 
have not commented on recurrence location. In our study of 
women with high-grade endometrial cancer, the distribu-
tion of recurrences did not differ between LUS-positive and 

LUS-negative groups. The majority of recurrences occurred 
in extra pelvic locations (67.9% of LUS-positive and 56.7% 
of LUS-negative). In both groups, one-fifth of the patients re-
curred at the vaginal cuff; these cases did not appear to differ 
by histology, stage, or radiation received. Limited numbers 
in these subgroups of patients precluded further statistical 
analysis. However, given that the LUS lies in close proxim-
ity to the vaginal apex and uterine vessels and lymphatics, 
the question remains whether patients with tumors located in 
the LUS would benefit from adjuvant radiation in addition to 
chemotherapy, or whether omission of radiation would result 
in similar local-regional vaginal and pelvic recurrence rates. 
While it would likely be inefficient to design a trial specifi-
cally to answer this question, one may be able to derive this 
information based on secondary analysis of the GOG 249 
which is a phase III randomized controlled trial compar-
ing adjuvant chemoradiation versus chemotherapy alone 
for women with early stage, high-risk endometrial cancer. 
In either case, since the majority of recurrences in the LUS 
involvement were distant, adjuvant chemotherapy should be 
considered, particularly in patients with high-grade histology 
who otherwise would not have received adjuvant treatment 
given lack of meeting criteria for other high-risk prognostic 
features [5, 17, 19, 20].

There are several strengths to our study. All patients 
were treated by a gynecologic oncologist from a single in-
stitution, which provided uniformity of care. All cases were 
read by dedicated gynecologic pathologists and reviewed at 
a weekly tumor board conference. Limitations of this study 
included the risk of bias related to all retrospective studies, 
including the inability to draw conclusions regarding inher-
ent patient differences and physician preferences that may 
have affected surgical and medical treatment decisions. It 
may be difficult to generalize these findings to other popula-
tions. Additionally, limited follow-up time as well as loss to 
follow-up could lead to missing recurrence data.

Conclusion

Our study contributes to understanding the impact of LUS 
involvement in high-grade endometrial tumors, which has 

Table 3. Location of Recurrence in Lower Uterine Segment Positive and Negative Tumors

LUS-positive (%) LUS-negative (%) P value

Vaginal recurrence 12 (22.6) 6 (20.0) 0.223

Pelvic recurrence 5 (9.4) 7 (23.3)

Extrapelvic recurrence 36 (67.9) 17 (56.7)
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been infrequently reported upon in previously published 
studies. LUS involvement appears to have a significant 
prognostic role both in early endometrial cancers as seen 
in previous studies, as well as in more advanced high-grade 
cancers, as confirmed by our analysis. The shorter PFS seen 
in patients receiving adjuvant treatment is worrisome. Fur-
ther consideration should be given towards use of systemic 
adjuvant therapy in high-grade endometrial cancer patients 
with LUS involvement in situations where they may not oth-
erwise have received such treatment. Additionally, strategies 
for improving adjuvant therapy are needed particularly giv-
en the worse outcomes seen in those with LUS involvement 
who already have received adjuvant therapy. The results 
from GOG 249 may assist us in evaluating the role of radia-
tion therapy in women with early stage, high-risk histologies 
and could be stratified for uterine tumor location. Similarly, 
GOG 258, which is a randomized prospective trial of chemo-
therapy versus chemoradiation followed by chemotherapy, 
may assist us in evaluating the role of multimodality therapy 
in women with advanced stage, optimally cytoreduced endo-
metrial cancer. After stratification for tumor location, the risk 
of recurrence, patterns of recurrence and OS could be further 
evaluated to better determine the predictive value of LUS on 
disease outcomes.
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