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A B S T R A C T

Objective: Para-aortic lymph node dissemination in endometrioid endometrial cancer is uncommon, and

systematic para-aortic lymph node dissection increases morbidity. The purpose of this study was to

identify a subgroup of endometrioid endometrial cancer patients who did not require para-aortic

lymphadenectomy.

Study design: All patients who had undergone surgery for endometrioid endometrial cancer between

1 January 1995 and 31 December 2012 were retrospectively reviewed. Patients with higher risk factors

for nodal metastasis and inadequate lymphadenectomy were excluded. Para-aortic lymph node

dissemination was defined as nodal metastasis when pelvic and para-aortic lymph node dissection was

performed, when para-aortic lymph node recurrence occurred after negative para-aortic lymph node

dissection or when para-aortic lymph node dissection was not performed. Multivariate logistic

regression models were used to identify the pathological features as predictors for para-aortic lymphatic

dissemination.

Results: A total of 827 patients were assessed, 516 (62.4%) of whom underwent pelvic and para-aortic

lymph node dissection. Sixty-seven (13%) patients (37 with only pelvic, 26 with pelvic and para-aortic,

and 4 with only para-aortic metastasis) had positive lymph nodes in the pelvic and para-aortic lymph

node dissection group. Multivariate analysis confirmed positive pelvic nodes (odds ratio 20.58;

p < 0.001) and lymphovascular space invasion (odds ratio 8.10; p = 0.022) as independent predictors of

para-aortic lymphatic dissemination. When these two factors were absent (in 83% of patients), the

predicted probability of para-aortic lymph node metastasis was 0.1%.

Conclusion: Positive pelvic nodes and lymphovascular space invasion are highly associated with para-

aortic lymph node metastasis. These markers may be useful for identifying those patients who require

para-aortic lymph node dissection.

� 2015 Elsevier Ireland Ltd. All rights reserved.
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Introduction

Endometrial cancer (EC) is the most common malignancy of
the female reproductive system [1]. Most women are diagnosed
at an early stage because of irregular vaginal bleeding. A total
hysterectomy plus bilateral salpingo-oophorectomy is the primary
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operation used to treat EC. The practice of systematic
lymphadenectomy, especially para-aortic (PA) lymph node dissec-
tion (LND), in patients with EC is controversial [2]. There are
no existing randomized data suggesting a survival benefit of
lymphadenectomy in patients with EC. Therefore, lymphadenec-
tomy is performed in most centers on therapeutic and prognostic
grounds and to individualize adjuvant treatment. Within the
gynecologic oncologic community, there is no consensus regarding
the indications and extent of lymphadenectomy in managing EC.

Currently, uterine histopathologic features have become
increasingly important and may be used as surrogate risk markers
for lymph node spread. It is essential to clarify the indications for
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Table 1
Baseline characteristics and pathologic variables of patients with endometrioid

endometrial cancer.

Characteristics n = 827

Age at surgery (years) 56.5 � 9.5

BMI (kg/m2) 33.2 � 4.9

Parity 3.0 � 1.8

FIGO grade

1 693 (83.8)

2 58 (7.0)

3 76 (9.2)

Primary tumor diameter

�2 cm 309 (60.7)

>2 cm 518 (62.6)

Myometrial invasion

�50% 502 (60.7)

>50% 325 (39.3)

Cervical stromal invasion

No 727 (87.9)

Yes 100 (12.1)

Lymphovascular space invasion

No 690 (83.4)

Yes 137 (16.6)

TFD from serosa (cm) 1.1 � 0.9

Pelvic lymphadenectomy

No lymphadenectomy 106 (12.8)

Pelvic lymphadenectomy, no positive nodes 653 (79)

Pelvic lymphadenectomy, positive nodes 68 (8.2)

Lymph node status

No lymph node dissemination 755 (91.3)

Lymph node dissemination 72 (8.7)

Only pelvic dissemination 42 (5.1)

Only para-aortic dissemination 4 (0.5)

Pelvic and para-aortic dissemination 26 (3.1)

BMI, body mass index; LVSI, lymphovascular space invasion; TFD, tumor-free

distance; and FIGO, International Federation of Gynecology and Obstetrics. Values

for continuous variables are presented as the mean � standard deviation. Values for

categorical variables are presented as the number/total number of cases (%).
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PA LND because of concerns regarding the potential morbidity
and cost of this procedure [3].

The objective of this study was to identify a subgroup of
endometrioid EC patients in whom PA LND was not required.

Materials and methods

All patients who underwent surgery for EC at the Tepecik
Training and Research Hospital, Izmir, Turkey between 1 January
1995 and 31 December 2012 were retrospectively reviewed. This
study was performed in accordance with the ethical standards of
the Declaration of Helsinki and was approved by the local ethics
committee at our institution. Patients with strong risk factors for
nodal metastasis were excluded. These risk factors included the
following: non-endometrioid histology, International Federation
of Gynecology and Obstetrics (FIGO) stage IV disease, gross uterine
serosal and/or gross adnexal involvement, and the presence of
synchronous cancers. Patients who underwent prior neoadjuvant
chemotherapy or radiotherapy and inadequate lymphadenectomy
were also excluded. An adequate pelvic (P) lymphadenectomy
was defined as the removal of at least 10 P lymph nodes, and an
adequate PA lymphadenectomy was defined as the removal of 5 or
more PA lymph nodes [4,5]. The final study population consisted
of 827 patients with endometrioid EC.

Demographic data, such as age at surgery, body mass index
(BMI), and parity, as well as laboratory findings, including
preoperative CA125 levels, were obtained from the medical
records. As a routine surgical procedure, peritoneal washing
cytology, hysterectomy plus bilateral salpingo-oophorectomy, and
frozen section analysis were performed in all cases. During the
study period, the management of EC varied among the practi-
tioners, particularly with respect to the role of lymphadenectomy;
no lymph nodes were sampled in some patients, only the P or
PA nodes were sampled in some patients, complete staging with
bilateral P LND was applied in some patients, and some patients
underwent complete staging with bilateral P and PA LND. The
individual practitioners were responsible for these variations over
the study period.

Pathological data, including the FIGO grade, primary tumor
diameter (PTD), myometrial invasion (MI), cervical stromal
invasion, lymphovascular space invasion (LVSI), and tumor-free
distance (TFD) from the uterine serosa, were obtained from
the pathology reports. An experienced gynecologic pathologist
reviewed all pathology slides. The PTD was defined as the largest
area in each of the three dimensions of the tumor. If more than one
tumor was present, the tumor with the largest diameter was
considered. LVSI was defined as the presence of tumor cells in
a vascular space lined by endothelium and/or the attachment of
tumor cells to the vascular wall irrespective of the number of LVSI
foci. The presence of P/PA lymphatic dissemination was defined in
the following circumstances: (1) nodal metastasis when P/PA LND
was performed, (2) P/PA lymph node recurrence within 2 years of a
negative LND, or (3) P/PA LND was not performed. The latter
criterion was based on an assumption that unrecognized positive
PA lymph nodes would be clinically detectable within the median
time to nodal recurrence, which has been reported to be less
than 2 years [6,7]. Among the patients who underwent surgery
without PA LND or those with negative nodes in the context of an
inadequate PA LND, the following exclusion criteria were applied
to ensure the complete recognition of PA lymph node metastasis
(PAM): (1) patients who died within the first 2 years whose date
of last follow-up was more than 3 months prior to death, and
(2) patients who were last known to be alive but lacked 2 years of
follow-up.

The follow-up evaluations were scheduled every 3 months for
the first 2 years, every 6 months for the next 3 years, and annually
thereafter. Computed tomography or magnetic resonance imaging
was performed annually. Lymph node recurrence was considered
as any P/PA lymphatic recurrence identified after the primary
cancer surgery, in which a new mass was detected in the P/PA
regions either by clinical examination or by imaging techniques.
Diagnostic confirmation of the recurrence was performed by
diagnostic biopsy or at the time of secondary debulking surgery.

Statistical analysis was performed using IBM SPSS Statistics
21.0 (SPSS Inc., Chicago, IL). The variables were assessed using
visual (histograms, probability plots) and analytical (Shapiro–Wilk
test) methods to determine whether they were normally
distributed. Continuous data [presented as the mean � SD or
median (Q1–Q3)] were analyzed using the Mann–Whitney U test for
non-normal data. The chi-square test (Pearson chi-square and
Pearson exact chi-square tests) was used to compare the proportions
between groups. Univariate and multiple logistic regression models
were used to identify the risk factors. A p-value <0.05 was defined
as statistically significant.

Results

A total of 827 patients with endometrioid EC who were treated
surgically and fulfilled the inclusion criteria were considered in
this study. Table 1 shows the baseline characteristics and patho-
logical features of all of these patients. Among the 827 patients,
205 (24.8%) underwent P LND, and 516 (62.4%) underwent P/PA
LND. Sixty-seven (13%) patients (37 had only P, 26 had P and PA,
and 4 had only PA metastases) had positive lymph nodes in the
P/PA LND group, whereas 5 (2.4%) patients had positive lymph
nodes in the P LND group. The median numbers of removed P and
PA lymph nodes were 22 (range, 15–28) and 8.5 (range, 5–16),
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respectively. The patients were divided into two separate groups
based on PA lymph node status, including those with PAM and
those without PAM. Table 2 outlines the baseline characteristics
and pathologic variables of these two groups.

The median follow-up was 165 months (range, 1–225 months)
in the no-PAM group and 54 months (range, 1–103 months) in
the PAM group. Among the patients who did not undergo
lymphadenectomy (n = 106), 2 (1.9%) had PA recurrence. In the
patients who underwent only P LND and had negative lymph nodes
(n = 200), 4 (2%) had PA recurrence. Of those who underwent P/PA
LND and had negative lymph nodes (n = 449), 7 patients (1.6%) had
PA recurrence. The median time to recurrence was 42 months
(range, 28–74 months) in the no-PAM group and 18 months
(range, 4–46 months) in the PAM group. A total of 478 (57.8%)
patients received postoperative radiotherapy. Nodal recurrence
was observed in 32 (6.7%) women who received postoperative
radiotherapy and in 5 (1.4%) women who did not (p < 0.001).
Among the 37 patients who had nodal recurrence, 81.1% had a BMI
of �34, and 18.9% had a BMI of >34 (p = 0.012). Eighteen of
827 women (2.1%) had positive peritoneal fluid cytology, and all
of these women received adjuvant chemotherapy. The recurrence
rate in this subset of patients was 38.9% (7 patients).

In the PAM group, 16.7% of the patients had FIGO grade I
disease, 96.7% had tumors exceeding 2 cm in diameter, 83.3% had
tumors with >50% MI, 93.4% had LVSI, and 60.0% showed cervical
stromal invasion. All 30 patients in the PAM group received
adjuvant therapy, including chemotherapy, radiotherapy or both
(Table 2).
Table 2
Baseline patient characteristics and pathologic variables.

Characteristics No PAM (n = 7

Age at surgery (years) 56 (50–63) 

BMI (kg/m2) 34 (30–36) 

Parity 3 (2–4) 

Preoperative CA125 (U/ml) 11.3 (7–19.7

FIGO grade 

1 449 (56.3) 

2 288 (36.1) 

3 60 (7.5) 

Primary tumor diameter 

�2 cm 308 (38.6) 

>2 cm 489 (61.4) 

Myometrial invasion 

�50% 497 (62.4) 

>50% 300 (37.6) 

Cervical stromal invasion 

No 715 (89.7) 

Yes 82 (10.3) 

LVSI 

No 688 (86.3) 

Yes 109 (13.7) 

TFD from serosa (cm) 1.00 (0.5–1

Pelvic lymphadenectomy 

No pelvic lymphadenectomy 106 (13.3) 

Pelvic lymphadenectomy, no positive nodes 649 (81.4) 

Pelvic lymphadenectomy, positive nodes 42 (5.3) 

Adjuvant therapy 

No adjuvant therapy 345 (43.3) 

Chemotherapy only 2 (0.3) 

Radiotherapy only 400 (50.2) 

Chemotherapy and radiotherapy 50 (6.3) 

PAM, para-aortic lymph node metastasis; BMI, body mass index; LVSI, lymphovascu

Gynecology and Obstetrics. Values for continuous variables are presented as the mea

presented as the number/total number of cases (%). A p-value of <0.05 was considered s
a Mann–Whitney U test.
b Pearson chi-square test.
c Continuity correction chi-square test.
d Fisher’s exact chi-square test.
e Pearson exact chi-square test.
The pathologic features that were significantly associated with
PA dissemination as revealed by the univariate analysis were as
follows: MI >50% [odds ratio (OR) 6.62, 95% confidence interval
(CI) 2.49–17.54 (p < 0.001)]; PTD >2 cm [OR 14.63, 95% CI 1.97–
108.39 (p = 0.009)]; FIGO grades 2 and 3 vs. grade 1 [OR 4.12, CI 95%
1.49–11.39 (p = 0.006) and OR 7.32, 95% CI 2.30–23.28 (p = 0.001),
respectively]; cervical stromal invasion [OR 9.71, 95% CI 4.47–
21.10 (p < 0.001)]; LVSI [OR 56.87, 95% CI 13.21–242.90
(p < 0.001)]; TFD from the uterine serosa [OR 9.71, 95% CI 3.12–
30.30 (p < 0.001)]; and positive P nodes [OR 78.87, 95% CI 26.13–
238.09 (p < 0.001)]. However, age at surgery was not significantly
associated with PA dissemination. Multivariate analysis confirmed
that the LVSI [OR 8.10, 95% CI 1.34–48.65 (p = 0.022)] and positive P
nodes [OR 20.58, 95% CI 5.32–79.58 (p < 0.001)] were independent
predictors of PA lymphatic dissemination (Table 3). When these
two factors were absent (in 83% of patients), the predicted
probability of PAM was 0.1% (Table 4). When both factors were
present (in 7.25% of patients), the predicted probability of PAM was
43.2% (Table 4).

Comments

The purpose of this study was to identify a subgroup of
endometrioid EC patients in whom PA lymphadenectomy was not
required. In this study, positive P lymph nodes and LVSI were the
independent predictors of PA dissemination.

The surgical staging of EC was first recommended by FIGO in
1988, and since then, discussions on the therapeutic benefit and
97) PAM (n = 30) p-Value

56.5 (49.5–61.75) 0.713a

30 (26.75–34.25) 0.005a

3 (2–4) 0.444a

) 40 (24.5–94.75) <0.001a

<0.001b

5 (16.7)

17 (56.7)

8 (26.7)

<0.001c

1 (3.3)

29 (96.7)

<0.001c

5 (16.7)

25 (83.3)

<0.001d

12 (40)

18 (60)

<0.001c

2 (6.6)

28 (93.4) <0.001a

.5) 0.3 (0.2–0.72)

<0.001e

0 (0.0)

4 (13.3)

26 (86.7)

<0.001e

0 (0.0)

1 (3.3)

2 (6.7)

27 (90)

lar space invasion; TFD, tumor-free distance; FIGO, International Federation of

n � standard deviation and median (Q1–Q3). Values for the categorical variables are

tatistically significant.



Table 3
Univariate and multivariate analysis of factors that are predictive of para-aortic lymphatic dissemination using logistic regression models.

Characteristic Univariate model Multivariate model

OR (95% CI) p-Value OR (95% CI) p-Value

Age at surgery (years) 0.98 (0.94–1.02) 0.348

Myometrial invasion (%)

�50% Reference category

>50% 6.62 (2.49–17.54) <0.001

Primary tumor diameter

�2 cm Reference category

>2 cm 14.63 (1.97–108.39) 0.009

FIGO grade

1 Reference category

2 4.12 (1.49–11.39) 0.006

3 7.32 (2.30–23.28) 0.001

Cervical stromal invasion

No Reference category

Yes 9.71 (4.47–21.10) <0.001

TFD from serosa (cm) 9.71 (3.12–30.30) <0.001

LVSI

No Reference category Reference category

Yes 56.87 (13.21–242.90) <0.001 8.10 (1.34–48.65) 0.022

Pelvic lymphadenectomy, positive pelvic nodes

No Reference category Reference category

Yes 78.87 (26.13–238.09) <0.001 20.58 (5.32–79.58) <0.001

OR, odds ratio; CI, confidence interval; LVSI, lymphovascular space invasion; TFD, tumor-free distance; and FIGO, International Federation of Gynecology and Obstetrics.

A p-value of <0.05 was considered statistically significant.
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prognostic value of lymphadenectomy have continued [4,5,8–
13]. The surgical management of EC is heterogeneous with a wide
range of management strategies that depend on each individual
surgeon’s techniques and preferences [2]. The main aim of P and PA
lymphadenectomy in EC is to identify nodal metastases that will
guide adjuvant treatment, particularly targeted radiation therapy.
The majority of patients with EC have low-risk EC (FIGO grades
1 and 2 endometrioid EC with MI �50%) [4,14]. Except in rare
conditions, this low-risk cohort does not require LND, and
especially not PA LND. PA LND has the potential to increase
morbidity. Thus, reducing overtreatment without increasing
cancer-related mortality is essential, particularly in patients with
EC who generally have multiple comorbidities, such as diabetes,
hypertension and obesity. The clinical benefits and values of
all surgical procedures, including PA LND, must be evaluated in
terms of potential morbidity and cost effectiveness. A few studies
have reported a cohort of patients with low-grade EC who were
effectively treated with hysterectomy alone [3,15–18].

Spread to the PA nodes, which has been reported in only 6% of
patients with stage I disease, is less common than spread to the P
nodes; therefore, it is essential to identify a cohort of patients who
may not benefit from PA LND [12]. In addition, PA LND is associated
with increased surgery time and higher rates of postoperative
ileus, and it may potentially cause increased perioperative
blood loss [18–20]. PA LND has been associated with improved
survival in the Survival Effect of Para-aortic Lymphadenectomy in
Endometrial Cancer (SEPAL) study. However, these results were
limited to patients with high-intermediate risk (HIR) EC (high
grade, type II histology, LVSI, >50% MI, or stage III/IV disease) [21].

The decision to perform PA lymphadenectomy should be based
on the risk of PA LN metastasis because 28.6–66.7% of patients with
Table 4
The predicted probability of finding para-aortic lymph node metastasis based on vario

LVSI Positive pelvic lymph nodes No. of patients

No No 687 

Yes No 77 

No Yes 3 

Yes Yes 60 

LVSI, lymphovascular space invasion; CI, confidence interval.
positive P lymph nodes have PA lymph node involvement detected
either at primary surgery or during recurrence, and 0.7–16% of
patients have PA LN metastasis alone [12,13,22–29]. In our study,
these rates were 44.7% and 5.9%, respectively.

In the present study, we analyzed the potential relationships
between PA LN metastasis and various histopathological markers.
The presence of P LN metastasis and LVSI were found to be
independent predictors of PA LN metastasis similar to Mariani et al.
[22], Tanaka et al. [30] and Dogan et al. [31]. Moreover, in a recent
study by Kumar et al. [32], MI as well as the presence of P LN
metastasis and LVSI have been found to be independent predictors
of PA LN metastasis. When these two pathological factors are
absent (in 83% of patients), the predicted risk of PAM is only 0.1%
(95% CI, 0.01–0.9%). Table 4 shows the estimated risk of PAM based
on the absence or the presence of these pathological markers.
The accuracy and reliability of frozen section analysis has been
previously assessed with conflicting results. Some studies have
reported that frozen sections provide highly reliable data for
LVSI [33] and lymph nodes [34], whereas others have reported a
poor correlation rate between frozen section findings and final
diagnosis [35,36]. The purpose of our study was not to define the
accuracy of the intraoperative frozen section analysis of lymph
nodes and LVSI. For patients with false negative results by P lymph
node frozen section analysis and/or in those with no evidence
of LVSI at frozen section analysis but with LVSI documented at
final pathology, a minimally invasive PA LND can be performed if
necessary [37], or adjuvant therapy may be planned, based on the
risk of PA metastasis mentioned above.

Moreover, for patients with a post-hysterectomy diagnosis of
non-HIR EC who underwent simple hysterectomy and bilateral
salpingo-oophorectomy and showed LVSI at final pathology,
us combinations of two independent variables.

 with combination (n = 827) Predicted probability (%) (95% CI)

0.1% (0.01–0.9%)

3.0% (1.0–11%)

2.0% (0.1–19.3%)

43.2% (31.3–55.8%)



U. Solmaz et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 186 (2015) 63–67 67
adjuvant treatment should be planned. Therefore, LVSI should be
used as an indicator of the need for additional lymphadenectomy
and/or adjuvant treatment in such patients.

The limitations of the study are its retrospective nature and the
fact that some of the patients were treated by non-gynecological
oncologic surgeons over the 18-year time span. Retrospective
cohort studies are subjected to selection bias, recall bias, and
unknown confounding variables, which may negatively impact
the accuracy of the results. Moreover, during the 18-year study
period, significant improvements in surgical techniques may have
also have affected the results. Despite these limitations, a large
number of patients with similar demographic characteristics were
included in this study, and good follow-up data were available.
Additionally, the surgeries were performed at a single institution,
and the pathological slides were reviewed by an experienced
gynecologic pathologist. All of these factors most likely increased
the validity of the results and mitigated any weaknesses.

The main objective of clinicians should be to avoid under-
treatment while minimizing overtreatment by identifying patients
with low-risk EC who do not require PA lymphadenectomy.
Therefore, a more precise and objective definition is needed for
the term ‘‘low-risk EC.’’

In conclusion, this study showed that the presence of positive
P lymph nodes and LVSI independently increased the risk of
PAM in patients with EC who did not meet HIR criteria. These
markers can be used to predict the need for PA lymphadenecto-
my in the perioperative period and/or adjuvant therapy in the
postoperative period, particularly in unstaged endometrioid EC
patients. Additional well-designed randomized controlled stud-
ies are necessary to confirm our findings.
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