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Objective: The aim of this study was to evaluate the impact of para-aortic lymphadenectomy up to the renal vessels on the
accurate staging in ovarian cancer patients presumed preoperatively to be confined to the ovary.

Methods: We retrospectively analyzed data on 124 patients with primary epithelial ovarian cancer who were preoperatively
thought to have tumor confined to the ovary and underwent primary staging surgery. The distribution of lymph node meta-
stasis and various risk factors for nodal involvement were investigated.

Results: Surgical staging yielded: 87 (70.2%) patients had International Federation of Gynecology and Obstetrics (FIGO)
stage | disease and 37 (29.8%) patients had stage II-lll disease: 4 1A, 6 1B, 9 1IC, T llIA, and 17 IlIC. Eighty-six patients had pelvic
lymphadenectomy only and 69 had pelvic and para-aortic lymphadenectomy. Lymph node metastases were found in 17 (24.6%)
of 69 patients; 5 (7.2%) patients had lymph node metastasis in the pelvic lymph nodes only, 8 (11.6%) in the para-aortic lymph
nodes only, and 4 (5.8%) in both pelvic and para-aortic lymph nodes. Six (8.7%) patients had lymph node metastasis in the para-
aortic lymph node above the level of the inferior mesenteric artery. On multivariate analysis, grade 3 tumor (p=0.01) and positive
cytology (p=0.03) were independent predictors for lymph node metastasis.

Conclusion: A substantial number of patients with apparently early ovarian cancer had upstaged disease. Of patients who
underwent lymphadenectomy, some patients had lymph node metastasis above the level of the inferior mesenteric artery. Para-
aortic lymphadenectomy up to the renal vessels may detect occult metastasis and be of help in tailoring appropriate adjuvant
treatment as well as giving useful information about the prognosis.
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INTRODUCTION the United States, 21,990 new cases and 15,460 deaths were
estimated in 2011 [1]. Approximately 25% of ovarian cancer

Ovarian cancer remains one of the major causes of death  patients are diagnosed with early-stage disease at the time of
from the female genital tract malignancy worldwide, and in initial treatment [2]. Surgical staging is a critical aspect of early
ovarian cancer as well as advanced ovarian cancer because
the International Federation of Gynecology and Obstetrics
(FIGO) staging based on surgical and pathologic findings is
Correspondence to Suk-Joon Chang one of the most important prognostic factors [3]. Accurate

Department of Obstetrics and Gynecology, Ajou University School of - ¢\ vqical staging for early-stage ovarian cancer patients has
Medicine, 206 World cup-ro, Yeongtong-gu, Suwon 443-721, Korea. Tel: 9 9ing y-stag P

+82-31-219-5251, Fax: +82-31-219-5245, E-mail: drchang@ajouackr great significance, permitting accurate estimation of the
Correspondence to Robert E. Bristow true extent of disease with detection of occult disease, and

Division of Gynecologic Oncology, Department of Obstetrics and Gynecology, providing patients with appropriate information about the
University of California, Irvine School of Medicine, 101 The City Drive, Building is and adi  treat t Ub to 30% of patients with
56, Room 260, Orange, CA 92868, USA. Tel: +1-714-456-8000, Fax: +1-714-456- ~ PrO9N0sis ahd adjuvant treatment. Lp to 307 of patients wi

7754, E-mail: rbristow@uci.edu apparent early—stage ovarian cancer are found to have extra-

Received May 23,2012, Revised Jun 3, 2012, Accepted Jun 5, 2012

Copyright © 2013. Asian Society of Gynecologic Oncology, Korean Society of Gynecologic Oncology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License .
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and WWW-eJ gO-O rg
reproduction in any medium, provided the original work is properly cited.



J g O Journal of Gynecologic Oncology

pelvic involvement after comprehensive surgical staging [4,5].
However, all patients with early ovarian cancer do not have
complete surgical staging. Approximately 33-67% of patients
with this disease are inadequately staged and much of this
is attributed to the insufficient evaluation of pelvic and para-
aortic lymph nodes, although lymphadenectomy is an integral
part of surgical staging [6].

The incidence of lymph node metastasis in patients with
ovarian cancer presumed to be confined to the ovary has
been reported to be 10% to 25% [7-11]. Metastasis to the
para-aortic lymph nodes is the primary route of lymphatic dis-
semination in ovarian cancer, and the high para-aortic lymph
node above the inferior mesenteric artery (IMA) is a frequently
involved site [12-16]. Despite this, lymphadenectomy has not
been performed in practice as a part of the routine staging
procedure. Two recent retrospective analyses of the Surveil-
lance, Epidemiology and End Results (SEER) and the Centers
for Disease Control and Prevention's National Program of Can-
cer Registries (CDC-NPCR) data showed that lymphadenec-
tomy was omitted in 28% to 40% of early-stage ovarian cancer
patients [17,18]. To date, the extent of lymphadenectomy in
early ovarian cancer is an issue under debate. The contempo-
rary FIGO guidelines for ovarian cancer recommend pelvic and
para-aortic lymphadenectomy as part of initial surgical staging
procedure but do not provide the extent of lymphadenecto-
my [19], although several studies have addressed the potential
risk of para-aortic lymph node metastasis above the level of
the IMA in apparent early ovarian cancer [7,10,13,14,16,20,21].
The purpose of this study was to evaluate the incidence of
pelvic and para-aortic lymph node metastasis, to identify the
potential risk of para-aortic lymph node metastasis above the
level of the inferior mesenteric artery in patients with ovarian
cancer presumed preoperatively to be confined to the ovary,
and to assess the clinical relevance of lymphadenectomy as
part of the surgical staging procedure.

MATERIALS AND METHODS

The medical records of all patients with ovarian cancer treat-
ed at Ajou University Hospital from January 1, 2000 through
December 31, 2011 were retrospectively reviewed. Women
with ovarian cancer that was thought to be confined to the
ovary without any extraovarian metastatic lesions at the time
of preoperative imaging studies such as computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) were included
in the study.

All patients were surgically staged according to the FIGO
system. Standard surgical staging procedures included total
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abdominal hysterectomy (TAH), unilateral salpingo-oopho-
rectomy (USO) or bilateral salpingo-oophorectomy (BSO),
peritoneal washings for cytology, infracolic omentectomy,
multiple biopsies of pelvic and abdominal peritoneum, pelvic
lymphadenectomy, and para-aortic lymphadenectomy. Pelvic
lymphadenectomy included bilateral resection of the com-
mon iliac nodes, presacral nodes, external iliac nodes, internal
iliac nodes, deep inguinal nodes, and obturator nodes. Para-
aortic lymphadenectomy included removal of all nodal tissues
over the vena cava and aorta from the aortic bifurcation to the
level of the renal vessels. With regard to anatomic distribu-
tions of resected lymph nodes, all pelvic lymph nodes were
separately sent to pathology with dividing into the right and
left pelvic lymph nodes. Most of the para-aortic lymph nodes
were separately sent to the intraoperative frozen section or
postoperative permanent section for pathologic evaluation
with dividing into low and high para-aortic lymph nodes ac-
cording to the IMA. However, para-aortic lymph nodes from
some patients were sent en bloc to pathology without divid-
ing into low and high nodes.

Some patients did not undergo complete staging proce-
dures if all of the following conditions were present: patients
whose preoperative and intraoperative findings were no gross
lesions on the contralateral ovary, uterus, and other pelvic and
abdominal organs; and patients who were found to have no
grossly enlarged lymph nodes in the retroperitoneal area by
preoperative imaging studies, including CT, and by intraop-
erative inspection and palpation by the operating surgeon.
Young, unmarried women who met the above conditions and
who wanted to preserve her fertility did not undergo hyster-
ectomy and contralateral salpingo-oophorectomy. All surgical
procedures were performed by five gynecologic oncologists,
and the decision as to which surgical procedures would be
performed was based on the discretion of the operating sur-
geon. Postoperatively, all patients except those with FIGO
stage |A or IB, grade 1 or 2 disease received taxane-/platinum-
based systemic chemotherapy (paclitaxel plus cisplatin or
carboplatin) for 3-6 cycles at 3-week intervals regardless of
performing lymphadenectomy. However, patients with stage
IA or IB, grade 2 disease who did not undergo lymphadenec-
tomy received adjuvant chemotherapy.

Patients were classified into two groups: patients who un-
derwent systematic pelvic and para-aortic lymphadenectomy
and those who did not. Some patients underwent only mini-
mal lymph node sampling and these were included in the
group without systematic lymphadenectomy. Information
regarding demographic data, preoperative evaluations, in-
traoperative findings, pathologic features, and follow-up was
abstracted from medical records, and these were compared
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between both groups. SPSS ver. 11.5 (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis of observed data. The
chi-square or Fisher's exact test were used for comparison of
observed frequencies. Student t-test or Mann-Whitney U-test
were applied for comparison of continuous variables. Pro-
gression-free survival was defined as the time from primary
surgery to disease recurrence. Overall survival was defined as
the time from primary surgery to death. Kaplan-Meier method
was used to estimate progression-free and overall survival
rates of patients with and without lymphadenectomy, and the
log-rank test was used to compare survival functions. A logistic
regression model was performed for multivariate analysis
and used in estimating the odds ratios of various parameters
which were found to be significant in the univariate analysis.
Backward stepwise model-selection methods, using a cutoff
p-value of 0.05, were used to select factors that were included
in the multivariate analysis. Statistical significance was defined
as p<0.05.

RESULTS

A total of 124 consecutive patients were identified during
this time period. The median age was 46 years (range, 19 to 74
years). Surgical staging procedures are schematized in Fig. 1.
One hundred and four (83.9%) patients received TAH. Twenty
(16.1%) patients did not receive TAH because of previous hys-
terectomy (5 patients) and planning fertility-preservation (15
patients). Peritoneal washings, infracolic omentectomy, and
multiple peritoneal biopsies were performed in 124 (100%),
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120 (96.8%), and 117 (94.4%) patients, respectively. Pelvic and
para-aortic lymphadenectomy were performed in 86 (69.4%)
and 69 (55.6%) patients, respectively. Nine patients underwent
only lymph node sampling or biopsy—external iliac node sam-
pling in 4 patients and both external and internal iliac node
sampling in 5 patients. The mean operative time was signifi-
cantly longer in patients with systematic lymphadenectomy
compared to those without lymphadenectomy (220 minutes
vs. 98 minutes, p<0.01). During surgery, 3 patients had grossly
enlarged (larger than 1 cm in diameter on intraoperative
palpation by the surgeon) para-aortic lymph node and all of
them underwent pelvic and para-aortic lymphadenectomy.

Overall, 87 (70.2%) patients were found to have FIGO stage
| disease: 54 1A, 2 1B, and 31 IC. Nineteen (15.3%) patients had
stage Il disease: 4 1A, 6 11B, and 9 IIC and 18 (14.5%) had stage
Il disease: 1 llIA and 17 IlIC. Ascites was present in 34.7% of
patients.

Patients with systematic lymphadenectomy had higher
parity (p<0.01), more frequent ascites (p=0.01), and higher
numbers of resected lymph nodes (p<0.01). There were no
statistically significant differences in demographic features,
FIGO stage, tumor histology, tumor grade, and preoperative
CA-125 level between the two groups (Table 1). Adjuvant
chemotherapy was given to 78 (62.9%) patients and the pro-
portion of patients receiving adjuvant chemotherapy was
significantly higher in the lymphadenectomy group (70.9%
vs. 44.7%, p<0.01). Among patients with lymphadenectomy, 5
had lymphocysts, which were successfully treated by conser-
vative measures.

Table 2 demonstrates the distribution of lymph node me-

104 Patients
who underwent
-TAH-BSO
-Peritoneal washing

Infracolic omentectomy in 104 patients
Peritoneal biopsies in 104 patients
Lymphadenectomy

Pelvic in 79 patients

Pelvic and para-aortic in 65 patients

124 Patients
with ovarian cancer

presumed to be
confined to the ovary

15 Patients
who want to
preserve fertility

Infracolic omentectomy in 11 patients
Peritoneal biopsies in 8 patients
Lymphadenectomy

Pelvic in 5 patients

Pelvic and para-aortic in 3 patients

20 Patients
who underwent
-USO or BSO
-Peritoneal washing

5 Patients
who had previous ——
hysterectomy

Infracolic omentectomy in 5 patients
Peritoneal biopsies in 5 patients
Lymphadenectomy

Pelvic in 2 patients

Pelvic and para-aortic in 1 patient

Fig. 1. Surgical procedures performed.
TAH, total abdominal hysterectomy; BSO,
bilateral salpingo-oophorectomy; USO,
unilateral salpingo-oophorectomy.
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Table 1. Clinicopathologic characteristics between two groups
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Patients with lymphadenectomy

Patients without lymphadenectomy

Characteristic (n=86) (n=38) p-value

Age (yr) 47.5(19-74) 45 (19-72) 0.15
Parity 2(0-7) 1(0-4) <0.01
Body mass index (kg/m?) 23.1(14.4-35.2) 254 (7.9-28.3) 0.85
FIGO stage 0.09

IA 33(384) 21(55.3)

IB 2(23) 0(0)

IC 20(23.3) 11(28.9)

IIA 3(3.5) 1(2.6)

1B 3(3.5) 3(7.9)

IIC 7(8.1) 2(5.3)

A 1(1.2) 0(0)

lc 17 (19.8) 0(0)
Histology 0.1

Serous 35 (40.7) 7(18.4)

Mucinous 16 (18.6) 16 (42.1)

Endometrioid 8(9.3) 4(10.5)

Clear cell 16 (18.6) 6(15.8)

Mixed 9(10.5) 3(7.9)

Others 2(2.4) 2(5.2)
Tumor grade 0.07

Grade 1 37 (43.0) 24(63.2)

Grade 2 19 (22.1) 5(13.2)

Grade 3 29(33.7) 7(18.4)

Unknown 1(1.2) 2(5.3)
Preoperative serum CA-125 (U/mL) 108.9 (3.5-15,600.0) 87.4 (6.0-1,722.0) 0.60
Presence of ascites 36 (41.9) 7(18.4) 0.01
Number of harvested lymph nodes

Pelvic 25(10-53) 2(1-3) <0.01

Para-aortic 0(5-29) - -

FIGO, International Federation of Gynecology and Obstetrics.

Values are presented as mean or median (range) or number (%) unless otherwise indicated.

Table 2. Distribution of lymph node (LN) metastasis in 69 patients
with pelvic and para-aortic lymphadenectomy

Para-aortic LN metastasis

Pelvic LN metastasis No Yes
Below IMA  Above IMA
No 52(75.4) 4(5.8) 4(5.8)
Yes Ipsilateral 3(4.3) 2(2.9) 2(2.9)
Contralateral 1(1.4) 0 0
Bilateral 1(1.4) 0 0

Values are presented as number (%).
IMA, inferior mesenteric artery.
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tastasis. Of 69 patients who underwent para-aortic lymphad-
enectomy, lymph node metastases were found in 17 (24.6%)
patients: 5 (7.2%) patients had lymph node metastasis in the
pelvic lymph nodes only, 8 (11.6%) in the para-aortic lymph
nodes only, and 9 (13.0%) in both pelvic and para-aortic lymph
nodes. Six (8.7%) patients had para-aortic nodal involvement
above the level of the IMA.

Serous histology, grade 3 tumors, presence of ascites, and
positive peritoneal cytology were found to be significant prog-
nostic factors on univariate analysis for lymph node metastasis.
On multivariate analysis, grade 3 tumor (odds ratio [OR], 5.42;
95% confidence interval [Cl], 1.51-19.52; p=0.01) and positive

http//dx.doi.org/10.3802/jgo.2013.24.1.29



Paraaortic lymphadenectomy in early ovarian cancer

Table 3. Factors associated with lymph node (LN) metastasis

Journal of Gynecologic Oncology J g O

Univariate analysis

Multivariate analysis

No.
No. of positive LNs (%) p-value OR (95% Cl) p-value
Age (yr, continuous) 69 11 (24.6) 0.1 - -
Serous histology 28 11 (39.3) 0.02 - -
Grade 3 tumor 24 11 (45.8) <0.01 542 (1.51-19.52) 0.01
Presence of ascites 28 11 (39.3) 0.02 - -
CA-125>35U/mL 37 11(29.7) 047 - -
Positive cytology 17 9(52.9) <0.01 4.22 (1.12-15.96) 0.03
OR, odds ratio; Cl, confidence interval.
A B
1.0 =g, 1.0 prreeeny
T T Lymphadenectomy
0.8 1 TRy M Lymphadenectomy 081 e e T
B i PR No lymphadenectomy
< 0.6 1 L - < 0.6
> >
e No lymphadenectomy =
> ]
@ 0.4 - ® 0.4
0.2 1 0.2 1
p=0.49 p=0.35
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96

Time (months)

Time (months)

Fig. 2. (A) Progression-free survival and (B) overall survival by lymphadenectomy.

cytology (OR, 4.22; 95% Cl, 1.12-15.96; p=0.03) were indepen-
dent predictors for lymph node metastasis (Table 3).

In the entire cohort of 124 patients, the 5-year progression-
free and overall survival rates were 68% and 77% in the no
lymphadenectomy group and 71% and 89% in the lymphade-
nectomy group, respectively. There were no significant differ-
ences in progression-free (p=0.49) and overall survival (p=0.35)
between the two groups (Fig. 2).

DISCUSSION

In 1983, Young et al. [4] provided a plausible account of the
significance of comprehensive surgical staging for clinically
early-stage ovarian cancer. These investigators performed
systematic restaging laparotomy for 100 patients referred to
them with early ovarian cancer. Thirty-one percent of patients
were found to have upstaged disease and 77% of these pa-
tients had stage Il disease. The most frequent sites of extra-
pelvic involvement were peritoneal washings (19%) and para-
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aortic nodes (19%). In 2012, a Group of European Investigators
reported their institutional series on the importance of surgi-
cal staging in early ovarian cancer patients [22]. Grabowski et
al. [22] restaged 35 patients referred to their institution with
presumed early ovarian cancer limited to the pelvis. After
comprehensive restaging surgery, 50% of patients were up-
staged and 65% of upstaged patients had stage IlIC disease.
Pelvic peritoneum (34%) and para-aortic lymph nodes (32%)
were the most commonly involved sites. It is very interesting
that the pattern of surgical practice for early ovarian cancer
has not changed for three decades. From these studies, some
findings can be drawn: 1) up to now not all patients with ap-
parent early ovarian cancer undergo comprehensive surgical
staging procedures, and 2) a considerable number of up-
staged patients have stage lll disease and para-aortic lymph
node is one of commonly involved sites. The present study
takes it as the focal point of para-aortic lymph node metasta-
sis in early ovarian cancer.

In the present study, 24.6% of apparent early ovarian cancer
patients who underwent pelvic and para-aortic lymphadenec-
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tomy had lymph node metastasis on postoperative findings,
although preoperative CT or MRI performed in all patients did
not reveal suspicious nodal metastases. Of these node-posi-
tive patients, 47% had para-aortic node metastasis only. These
findings are consistent with the data of other studies reporting
that up to 30% of early ovarian cancer patients have positive
lymph nodes and 50% of patients with positive nodes have
para-aortic nodal involvement only [6-8,10,11,13,14,16,20,21].

With regard to the location of para-aortic nodal disease, 8.7%
of patients in the present study who underwent pelvic and
para-aortic lymphadenectomy had para-aortic nodal involve-
ment above the level of the IMA. Several investigators have re-
ported series on the incidence and distribution of para-aortic
lymph node metastasis in early ovarian cancer, but relatively
few studies have attempted to evaluate the para-aortic nodal
involvement above the IMA [7-11,13,14,16,20,23] (Table 4).
Most of these studies do not provide the accurate informa-
tion on para-aortic lymph node metastasis above the IMA in
patients with presumed ovarian cancer confined to the ovary
because of analyzing data including patients with stage Il dis-
ease. Onda et al. [13] retrospectively reviewed 110 epithelial
ovarian cancer patients who underwent systematic pelvic and
para-aortic lymphadenectomy. They identified 59 patients
with clinical stage I-Il disease and found that 13 (22.0%) had
lymph node metastases. Nine patients (15.3%) had para-aortic
nodal disease above the inferior mesenteric artery, and the
authors suggested that para-aortic lymph nodes above the
IMA should be biopsied routinely in staging ovarian cancer.
However, other investigators reported that the incidence rate
of para-aortic lymph node metastasis above the IMA ranged
from 4.3% to 8.6% [7,11,14,20].

Suk-Joon Chang, et al.

In the light of these considerations, in order to adequately
surgically assess patients with suspected early-stage ovarian
cancer, it is important to thoroughly evaluate retroperitoneal
lymph nodes, and complete para-aortic lymphadenectomy
up to the renal vessels should be performed as an integral
part of surgical staging procedure even in early-stage disease.
However, lymphadenectomy is not routinely performed at
the initial staging surgery. In our study, pelvic or para-aortic
lymphadenectomy were performed in approximately 70% of
patients and comprehensive surgical staging including pelvic
and para-aortic lymphadenectomy was performed in 60% of
patients. These findings were similar to others. In 2006, Goff
et al. [24] analyzed the surgical data of 10,432 women using
hospital records from nine states and described the patterns
of surgical care in the United States. There were 4,057 patients
with early ovarian cancer and 53.1% of patients had lymph
node biopsy or dissection. Recently, Chan et al. [17] and Cress
et al. [18] conducted a retrospective analysis of the SEER data
of 8,372 patients and the CDC-NPCR data of 721 patients,
respectively. All patients presented with early-stage disease
and lymphadenectomy was performed in 60% and 70% of pa-
tients, respectively.

The low rates of performing lymphadenectomy seem to be
due to the fact that so far, no definitive answer has been given
to the therapeutic benefit of lymphadenectomy. In 2006,
Maggioni et al. [23] published the results of randomized study
on the value of systematic lymphadenectomy for early ovarian
cancer. These investigators randomly assigned 268 patients
to the lymphadenectomy group (n=138) and the lymph node
sampling group (n=130). There was no statistically signifi-
cant difference in survival between the two groups, but the

Table 4. Positive para-aortic lymph node (LN) in apparent early-stage ovarian cancer

Para-aortic LN metastasis

Author, year Clinical stage Type of study No. of patients Total Above IMA
Onda, 1996 [13] 1=l Retrospective 59 10 (16.9) 9(15.3)
Tsumura, 1998 [20] 1=l Retrospective 81 7 (8.6) 7 (8.6)
Suzuki, 2000 [7] | Retrospective 47 2(4.3) 2(4.3)
Cass, 2001 [8] | Retrospective 96 7 (7.3) NA
Morice, 2003 [14] | Retrospective 85 15(17.6) 5(5.9)
Takeshima, 2005 [9] | Retrospective 156 15(9.6) NA
Maggioni, 2006 [23] -1l Prospective 138 23 (16.7) NA
Harter, 2007 [16] Il Retrospective 70 8(11.4) NA
Nomura, 2010 [11] I-Il Retrospective 79 9(11.4) 5(6.3)
Powless, 2011 [10] Il Retrospective 115 14(12.2) NA
Present study | Retrospective 69 8(11.6) 6(8.7)

Values are presented as number (%).
IMA, inferior mesenteric artery; NA, not available.
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median operating time was longer and the morbidity was
higher in the lymphadenectomy group. Despite its prospec-
tive nature, the study may have lacked power to determine
a survival impact of lymphadenectomy because of the small
number of patients and inconsistent adjuvant chemotherapy
to each group. Like the Maggioni et al. [23] study, the present
study showed that the progression-free and overall survival
of patients undergoing lymphadenectomy did not differ from
those of patients who had not lymphadenectomy. However,
considering the small number of patients studied, it may be
underpowered to detect a distinct survival difference between
the two groups. Several retrospective studies have shown
that lymphadenectomy is associated with improved survival
of patients with early ovarian cancer [6,17,25]. Timmers et al.
[6] retrospectively analyzed data which were collected for the
European Organization for Research and Treatment of Cancer-
Adjuvant Chemotherapy in Ovarian Neoplasm (EORTC-AC-
TION) trial on surgical staging and adjuvant chemotherapy for
early-stage ovarian cancer. In this study of 135 patients with
early ovarian cancer, lymph node sampling and blind perito-
neal biopsies were associated with improved progression-free
and overall survival. More recently, Cress et al. [18] reviewed
the medical records of 721 early ovarian cancer patients resid-
ed in California and New York using population-based cancer
registries. Of surgical procedures performed, only lymphad-
enectomy was strongly associated with improved survival.
There are several limitations of our study. The first limitation
is that the total lymph node count retrieved is relatively small.
The median numbers of pelvic and para-aortic lymph nodes
harvested were 25 and 10, respectively. This may result in the
underestimation of the incidence of nodal metastasis in our
study. The second limitation is selection bias, which is inherent
in any retrospective study. Only 69.4% and 55.6% of patients
underwent pelvic and para-aortic lymphadenectomy. Al-
though the decision to perform lymphadenectomy and other
staging procedures was determined by gynecologic oncolo-
gists, the difference in operating surgeons may have influence
on our results. Approximately 24% of patients without lymph-
adenectomy underwent lymph node sampling or biopsy.
Moreover, about 45% of patients without lymphadenectomy
received adjuvant chemotherapy. These may affect survival
outcome in our study. The third limitation is a lack of accurate
para-aortic lymph node mapping. The information on ana-
tomic distribution of resected lymph nodes was retrospec-
tively collected based on operative records and pathologic re-
ports. Not all para-aortic lymph nodes were sent separately to
pathology for examination with accurate mapping of low and
high para-aortic basin according to the IMA. Para-aortic lymph
nodes from 10 (15%) patients were not divided separately into
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low and high para-aortic nodes. Admittedly, this could lead to
the potential overestimation or underestimation of para-aortic
lymph node metastasis and may limit the ability to draw clear
conclusions.

Despite these limitations, our findings suggest the impor-
tance of para-aortic lymphadenectomy above the IMA in
patients with apparently clinical stage | ovarian cancer. The
homogenous characteristics of our study cohort consisting
of clinical stage | ovarian cancer may provide more accurate
information about the distribution of high para-aortic nodal
metastasis because most other studies on this issue included
patients presumed clinical stage Il disease.

In summary, a substantial number of patients with apparent-
ly early ovarian cancer had upstaged disease. Of patients who
underwent lymphadenectomy, about one-fourth of patients
had lymph node metastasis, and three-fourths of patients
with para-aortic nodal involvement had positive para-aortic
lymph nodes above the level of the inferior mesenteric artery.
Complete staging operation including para-aortic lymphad-
enectomy up to the renal vessels could detect occult metasta-
sis and be of help in tailoring appropriate adjuvant treatment
with avoiding unnecessary chemotherapy. This may indirectly
influence survival and quality of life in these patients.
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