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Introduction: This study aims to explore the incidence of different metastatic
patterns in paraaortic lymph nodes and their corresponding survival outcomes in
patients with endometrial cancer, as well as to identify the associated risk factors
of such metastasis.

Material and methods: PubMed, Embase, Cochrane Central Register of
Controlled Trials, International Clinical Trials Registry Platform, and Clinical
Trials.gov were searched from inception to February 10, 2024.The analysis was
conducted using R version 4.2.3.

Results: A total of 47 studies involving 33,425 endometrial cancer patients were
analyzed. Meta-analysis results revealed that the rate of isolated paraaortic lymph
node metastasis, where pelvic lymph nodes were negative but paraaortic lymph
nodes were positive (PLN-PAN+), was found to be 2.58% (95% CI 0.0195-
0.0329). The rates for PLN+PAN- and PLN+PAN+ were notably higher at
8.54% (95% Cl 0.0642-0.1092) and 8.37% (95% CI 0.0613-0.1090), respectively.
For clinical stage | EC, the occurrence rate was 5.92% for PLN+PAN- (95% CI
0.0258-0.1032), 1.00% for PLN-PAN+ (95% CI 0.0081-0.0120), and 2.99% for
PLN+PAN+ (95% CI 0.0188-0.0431). The survival outcomes indicate a decreasing
trend from the PLN-PAN+ and PLN+PAN- groups to the PLN+PAN+ group.
Additionally, the survival outcomes of patients with isolated paraaortic lymph
node metastasis appear to be comparable to, or not inferior to, those of the PLN
+PAN- group. The analysis indicated that pelvic lymph node metastasis (OR
16.72, 95% Cl 10.03-27.86), myometrial invasion >50% (OR 5.18, 95% CI 3.09-
8.69), lymph-vascular space invasion (LVSI) (OR 3.46, 95% Cl 2.49-4.81), cervical
invasion (OR 4.00, 95% CI 2.09-7.66), and non-endometrioid cancer (OR 2.39,
95% Cl 1.17-4.86) were risk factors for paraaortic lymph node metastasis.
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Conclusions: Isolated paraaortic lymph node metastasis, though relatively rare,
can still occur even in clinical stage | endometrial cancer. The survival outcomes
of patients with isolated paraaortic lymph node metastasis appear to be
comparable to, or not inferior to, those of the PLN+PAN- group. Even in
patients with negative pelvic lymph nodes, careful consideration should be
given to the possibility of paraaortic lymph node metastasis, especially in those
with high-risk factors.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,
identifier CRD42024503959.

endometrial cancer, paraaortic lymph node metastasis, risk factor, survival,

meta-analysis

1 Introduction

Endometrial cancer ranks as the fourth most frequently
diagnosed cancer among women globally, with a mortality rate
that has witnessed a 1% annual increase (1). In the United States, it
stands as the most prevalent female genital tract cancer, accounting
for 65,950 new cases and 12,550 deaths in the year 2022 alone (2). A
significant proportion of endometrial cancer cases are detected at an
early stage, confined to the uterus. The standard treatment for such
cases involves surgical intervention, typically comprising
hysterectomy, bilateral salpingo-oophorectomy, and may include
lymphadenectomy (2).

Lymphatic metastasis represents the primary route for
endometrial cancer spread and is a crucial prognostic factor
affecting survival rates. Current surgical approaches for lymph node
staging in endometrial cancer encompass a range of methods,
including no nodal assessment, lymph node biopsy, sentinel lymph
node mapping, and pelvic and paraaortic lymphadenectomy
extending up to the renal vessels (3). Since the FIGO2009 update,
Stage IIIC has been further classified into IIICI and IIIC2 based on
the presence of positive pelvic and paraaortic lymph nodes (4). Stage
IIIC2 specifically involves the coexistence of positive paraaortic pelvic
lymph nodes with pelvic lymph nodes, or the presence of isolated
paraaortic lymph nodes without involvement of pelvic lymph nodes.
However, literature on the performance of paraaortic
lymphadenectomy in early-stage endometrial cancer has yielded
conflicting results, with some authors reporting no survival benefit
(5, 6), while others argue that completing lymphadenectomy
improves survival rates (7). The identification of molecular
classification assists in determining the prognostic groups of
patients, facilitates prompt decision-making, and enables the
development of tailored strategies for each patient (8).

Accurate identification of lymph node status plays a crucial role
in stratifying patient prognosis and formulating an effective
treatment plan for endometrial cancer. However, identifying
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lymph node status in endometrial cancer, especially at early
stages, poses challenges. While paraaortic lymphadenectomy aids
in determining paraaortic status, its implementation is associated
with prolonged surgery time and higher intraoperative
complications. Moreover, while the adoption of sentinel lymph
node sampling is recommended for its high detection and
sensitivity rates and low false-negative rate in endometrial cancer
(9), there is still concern regarding the regional coverage of
paraaortic nodes, particularly with dye injection through the
cervix, which could potentially lead to the oversight of paraaortic
metastases (10).

The aim of this study is to investigate the incidence of various
metastatic paraaortic lymph nodes pattens and their associated
survival outcomes, as well as to identify the associated risk factors of
such metastasis. This study holds great significance in assessing the
impact of inadvertently omitting paraaortic lymph node dissection
on survival and in exploring the risk factors associated with
paraaortic lymph node metastasis.

2 Methods
2.1 Protocol registration

This meta-analysis was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines and was registered with the

International Prospective Register of Systematic Reviews
(PROSPERO) (CRD 42024503959) (11).

2.2 Eligibility criteria
All potentially eligible studies, including case-control and

cohort studies published in English, were taken into
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consideration. The inclusion criteria comprised studies that met the
following conditions: (1) Investigated metastatic lymph node
patterns in endometrial cancer patients, encompassing pelvic
lymph node metastasis without paraaortic lymph node metastasis
(PLN+PAN-), paraaortic lymph node metastasis without pelvic
lymph node metastasis (PLN-PAN+), and cases where both pelvic
lymph nodes and paraaortic lymph nodes were metastasized (PLN
+PAN+). (2) Examined predicting factors and/or survival outcomes
of patients with metastatic paraaortic lymph nodes. Exclusion
criteria: (1) Redundant publications. If data subsets were
published in more than one article, only the largest sample size
was included; (2) Incomplete data; (3) Conference abstracts
and reviews.

2.3 Search strategy and study selection

PubMed, Embase, Cochrane Central Register of Controlled
Trials (CENTRAL), International Clinical Trials Registry Platform
(ICTRP), and Clinical Trials.gov were searched from inception to
February 10, 2024. The reference lists of the published reviews and
retrieved articles were checked for additional trials. Search terms

» o«

were as follows: “endometrial cancer”, “endometrial carcinoma”,
“para-aortic”, “paraaortic”, “nodal involvement”, “nodal
metastasis”, “node metastasis”, “nodes metastasis”, “lymphatic
metastasis”, “node involvement”, “nodes involvement”, “node

» o« » <« » o«

positive”, “nodes positive”, “LN involvement”, “LN metastasis”,
“LN positive”, “positive LV”, “positive lymph node”, “lymph
dissection”, “lymphadenectomy”, “survival”, “outcome”,
“prognosis”, “prognostic”, “recurrence”, “relapse”, “rate”,
“isolated”, “factors”, “factor”.

Two researchers (HC and LH) independently screened the titles
and abstracts to assess the eligibility of the studies. After initial
selection, the full texts of all potential articles were independently
read by two researchers (HC and LH) for further evaluation.
Disagreements between authors were resolved by discussion with

the XT.

2.4 Data extraction

Data extraction was carried out independently by two reviewers
(LH and YC) in duplicate. The predefined extraction form
encompassed the following variables: (1) first author and
publication date; (2) study country; (3) study design; (4) quality
assessment; (5) tumor pathologic type and stage; (6) number of
patients with different metastatic lymph node patterns; (7) risk
factors; (8) survival outcomes. Review authors were kept blind to
institutions, sources of funding, and acknowledgments. A double
data entry process was implemented.

2.5 Risk of bias assessment

Two reviewers (LH and YC) independently evaluated the
quality of the included studies. Discrepancies were resolved
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through discussion, and in cases where consensus was not
achieved, a third review author (AZ) was consulted. Cohort
studies were assessed using the Newcastle-Ottawa Scale (NOS)
based on three categories: selected cases, comparability of groups,
and assessment of outcomes. Studies that received six or more stars
were categorized as having high quality.

2.6 Statistical analysis

R version 4.2.3 (R Foundation for Statistical Computing, Vienna,
Austria) was used for meta-analysis. The rates of positive lymph
nodes were calculated with the Freeman-Tukey double arcsine
transformation. Hazard ratios (HRs) and odd ratios (ORs) with
95% confidence intervals (CIs) were used to combine data
concerning survival outcomes and risk factors. For studies
reporting survival data only in the form of Kaplan-Meier curves,
Engauge Digitizer 4.1 was used to extract survival data, and HRs and
CIs were calculated according to the methods reported in literature. A
p-value of <0.05 was considered statistically significant for the meta-
analysis. Heterogeneity between studies was assessed using 1> test:
I’<30% denoted low heterogeneity, 30%<1°<50% denoted moderate
heterogeneity, and 1°>50% denoted high heterogeneity. In cases of
substantial heterogeneity, a random-effects model was employed to
combine data; otherwise, a fixed-eftects model was used. Publication
bias was evaluated through the funnel plot, and statistical assessment
was conducted using the Egger test. Results that could not be meta-
analyzed were presented in a narrative format.

3 Results
3.1 Study selection and characteristics

The study selection process was briefly depicted in Figure 1.
After removing duplicates, 1273 articles were retrieved and
screened based on their titles and abstracts. Later, 57 full texts
were procured for further assessment, of which 10 articles were
excluded after reading the full texts. Ultimately, the analysis
included 47 studies with 33425 participants (12-58). The general
characteristics of these studies were presented in Table 1. All
included studies were retrospective studies and received a rating
of six or more stars according to the NOS criteria.

3.2 Metastatic lymph node patterns

The results of meta-analysis revealed rates of PLN+PAN-, PLN-
PAN+, and PLN+PAN+ in endometrial cancer as 8.54% (95% CI
0.0642-0.1092, I’=98%), 2.58% (95% CI 0.0195-0.0329, 1=94%),
and 8.37% (95% CI 0.0613-0.1090, ’=98%), respectively (refer to
Figure 2) (12-57). For clinical stage I endometrial cancer, meta-
analysis results indicated occurrence rates of 5.92% for PLN+PAN-
(95% CI 0.0258-0.1032, I*’=69%), 1.00% for PLN-PAN+ (95% CI
0.0081-0.0120, I*’=44%), and 2.99% for PLN+PAN+ (95% CI
0.0188-0.0431, I’=0%).
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(n=57) Ineligible study design (n=7)
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e ~
Studies included in review
(n=47)
- J
FIGURE 1
Study Selection Flowchart.

TABLE 1 The basic characteristics of the studies included.

method of lvmoh node stagin total PLN PLN- PLN clinical
ymp 99 number +PAN-  PAN+ +PAN+ stage

Abu-Rustum2009 (12) Pelvic and paraaortic nodal dissection 640 52 7 61 All type 1-1v
Altay2015 (13) Pelvic and paraaortic nodal dissection 173 12 7 19 All type -1V
Baiocch2017 (14) Pelvic and paraaortic nodal dissection 255 15 7 21 All type I-1Iv
Chang2011 (15) Pelvic and paraaortic nodal dissection 203 10 14 5 All type I-IV
Chiang2011 (16) Pelvic and paraaortic nodal dissection 171 12 2 3 All type I-1Iv
Guo2020 (17) Pelvic and paraaortic nodal dissection 2767 1127 379 1261 All type aI-1v

Endometrioid
Lee2009 (18) Pelvic and paraaortic nodal dissection 2 1 2 0 n T;‘;em‘ 1
Marchocki2023 (19) Sentinel lymph node biopsy 612 49 5 14 All type I-1v
Multinu2019 (20) Pelvic and paraaortic nodal dissection 394 - 10 - All type I-111
Nasioudis2019 (21) Pelvic and paraaortic nodal dissection 14398 - 230 - All type 1

E .
Nayyar2018 (22) Pelvic and paraaortic nodal dissection 44 1 1 1 ndotr;lpetrlmd 1

e

Odagiri2014 (23) Pelvic and paraaortic nodal dissection 266 16 7 19 All type 1I-1v

E .
0Ozs0y2003 (24) Pelvic and paraaortic nodal dissection 58 2 1 2 ndotr;;trlold I

e
Rathod2014 (25) Pelvic and paraaortic nodal dissection 52 - 1 17 All type I-111
Sautua2015 (26) Pelvic and paraaortic nodal dissection 90 3 6 4 All type NA
Somashekhar2021 (27) Pelvic and paraaortic nodal dissection 210 17 15 29 All type 1-11
Suchetha2021 (28) Pelvic and paraaortic nodal dissection 129 21 5 4 All type 1
Todo2017 (29) Pelvic and paraaortic nodal dissection 380 25 9 30 All type I-1v
Sueoka2015 (30) Pelvic and paraaortic nodal dissection 502 27 15 38 All type I-1II
Togami2018 (31) Sentinel lymph node biopsy 38 - 0 - All type I-Iv
Tomisato2014 (32) Pelvic and paraaortic nodal dissection 260 83 9 48 All type I-IvV
Tiirkmen2018 (33) Pelvic and paraaortic nodal dissection 961 - 25 - - -
Vaizoglu2013 (34) Pelvic and paraaortic nodal dissection 261 14 4 8 All type I-1v
(Continued)
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TABLE 1 Continued

10.3389/fonc.2024.1490347

method of lvmbh node stagin total PLN PLN- PLN clinical
ymp 9N9  number +PAN-  PAN+  +PAN+ stage
Li2021 (35) Pelvic and paraaortic nodal dissection 4001 167 114 150 All type -1V
Widschwendter2018
(3;) schwendter Pelvic and paraaortic nodal dissection 111 12 3 15 All type I-1II
E -
Yoon2010 (37) Pelvic and paraaortic nodal dissection 131 - 2 4 ndotr;l;etrlmd I-111
Sentinel lymph node bi Pelvic and
Zhang2023 (38) entine! lympl noce biopsy or Felvic an 212 8 5 4 All type LI
paraaortic nodal dissection
William1987 (39) Pelvic and paraaortic nodal dissection 621 36 12 22 All type 1
Dogan2011 (40) Pelvic and paraaortic nodal dissection 165 12 2 5 All type I-1Iv
Endometrioid
Karube2010 (41) Pelvic and paraaortic nodal dissection 355 - 7 - . otr;;eerlol I-III
Yoshikawal997 (42) Pelvic and paraaortic nodal dissection 173 10 2 18 All type I-1I1
Kumar2014 (43) Pelvic and paraaortic nodal dissection 425 39 11 37 All type NA
. . . . Endometrioid
Numanoglu2014 (44) Pelvic and paraaortic nodal dissection 157 8 4 15 yp I-1Iv
e
Chen1983 (45) Pelvic and paraaortic nodal dissection 74 3 3 5 All type I
Morrow 1991 (46) Pelvic and paraaortic nodal dissection 895 - 18 - All type I-1I
Endometrioid
Fujimoto2009 (47) Pelvic and paraaortic nodal dissection 335 20 7 22 . 0:;11: ot I-1I
e
Endometrioid
Larson1993 (48) Pelvic and paraaortic nodal dissection 50 - 0 8 n otr;;eerlol I-1v
Mariani2004 (49) Pelvic and paraaortic nodal dissection 566 76 2 40 All type -1V
McMeekin2001 (50) Pelvic and paraaortic nodal dissection 47 20 8 19 All type I
Yokoyama 2009 (51) Pelvic and paraaortic nodal dissection 63 6 4 8 All type -1V
Endometrioid
Solmaz2015 (52) Pelvic and paraaortic nodal dissection 516 37 4 26 n 0:;11: ot I-111
e
Sari2017 (53) Pelvic and paraaortic nodal dissection 641 28 15 47 All type I-Iv
Fotopoulou2015 (54) Pelvic and paraaortic nodal dissection 128 8 4 15 All type -1V
Turan2011 (55) Pelvic and paraaortic nodal dissection 204 19 5 21 All type -1V
Luomaranta2014 (56) Pelvic and paraaortic nodal dissection 117 4 6 11 All type -1V
Nomura2006 (57) Pelvic and paraaortic nodal dissection 155 26 4 24 All type I-1v
Kang2014 (58) Pelvic and paraaortic nodal dissection 397 - - - All type I-1Iv

Publication bias was assessed based on the rate of PLN-PAN+, a
parameter reported in most articles included. With a total of 46
studies, both the Funnel plot (see Figure 2) and the Egger’s test (p =
0.4401) indicated no sources of publication bias (12-57).

3.3 Survival outcomes of paraaortic lymph
nodes metastasis

In the study conducted by Todo et al., it was noted that the 5-
year overall survival rates differed across various patient groups:
96.5% for PLN-PAN- patients, 77.6% for PLN+PAN - patients,
63.4% for PLN+PAN+ patients, and 53.6% for PLN-PAN+ patients
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(29). Our meta-analysis, however, did not reveal a significant
variance in OS between PLN-PAN+ and PLN+PAN- groups (HR
1.41, 95% CI 0.84-2.39, I* = 43%). Similarly, no notable disparity in
survival was observed between PLN-PAN+ and PLN+PAN+
groups (HR 0.43, 95% CI 0.46-1.12, I = 41%) (refer to Figure 3)
(17, 29). It's important to highlight that this finding was derived
from a meta-analysis comprising only two studies. Although
survival outcomes were documented in other studies included,
their data types precluded their amalgamation for meta-analysis.
The research conclusions not included in the meta-analysis
generally align, indicating a consistent trend. Specifically, the
survival outcomes show a decreasing trend from the PLN-PAN+
and PLN+PAN- groups to the PLN+PAN+ group. Additionally, the
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A Weight  Weight
Study Events Total Proportion 95%-Cl (comman) (random)
AbU RUSMZU09 52 b4D DOEIS [0.0615; 010521 41%
Allag2015 1217 00694 0.0364; 0.1180] 11%
Uaiocch2017 15 255 00588 [0.0333; 0.0052]
Chang2011 10 00493 (0.0239; 0.0887]
Chen1983 3 00405 (0.0

12 00702

12 00727 [0.0381; 0123

8 DOB25 [D.0774; (119¢]
Fujimoto2009 20 00587 [0.0368; 0.0807]
Guo202u. ner 215 . DA/ [0.3809; 0. 4259]
Kumarzo14 39 a2 00918 [0.0687; 0.1233]
Lec20u3 2 00455 [0.0012; 0 228¢]
L2021 167 4001 00417 [0.0358; 0 048¢]

oM — 00340 0.0179; 0.1620)

19 612 - 00801 0.0598; 01045
[ 1 6 a6 — 343 (0.107%; 0.1652]
Mchiekin?001 0 47
NayyarZ018 1A
Numanagluzi4 8 18 . .
Nomurazous %6 1 5
Odagin2014 W26 . 00602 0.0348; 0 095U]
Onda1997 0173 — 00578 [0.0287; 0.1037]
Oesuy2003 2 58— 00345 (0004201191

017 28 6 - 00437 (0.0202; 00625
Sauua2015 3 90— 00333 0.0069; 00943
Salmaz2015 7616 - DOTT [0.0510; 00975
Somashekhar2021 17 210 — D010 [0.0479; 0.126¢]
Suchethazn21 21 2 D628 01037 0.2380)
Sucoka201s 21 502 00538 10035/ 0.0//3]
Todo2017 25 380 D.0658 0.0430; 0046}
Iomisato2014 Ui 260 - 03192 [0.2630; 0 3796}
luran2011 1908 — 00931 0.0570; 01416}
Vaizaghi2013 M2 — 00536 (0.0206; 0 0884|
wikschwendiv 2018 2 m —— 01081 [0.0571; 01812
wiliam1987 /621 - 00580 (0.0409; 0.079¢]
Yokayama 2009 6 a1 —— 00957 0.035; 0.1359]
Zhang2023 &8 20 — DA377 [D.0164; 0.0730]
Common effect model 15754 ¢ 0.1061 [0.1012; 0.1110] 100
Random cffects model @ 0.0854 [0.0842; 0.102]
Heterogeneity: = 6%, ¢ = 00124, p =0
01 C2 03 04 05

c Weight  Weight
Study Evets Total Propartion 95%~Cl (comman) (random)
Abu-Rustum?2009 61 BaD D053 [D.737; 0.1207]
Altay2015 19113 1098 [0.0674; 0.1662]
Baiocch201/ 2 0024 10051401231
Chang2011 s 208 - 00246 0.0000; 0.0565]
Chen983 s T —H— 00676 [0.0223; 01507]
Chiang2o11 37— 00175 (0.0036; 0. 0504]
Doyan2011 5165 — 00303 (0.0009; 0 063}
Fulopouliuz015 15 128 H— 01172 [0.0671; 01859
Fujimalo2009 22 33— DOBST 0.0416; 0.0977)
Gio2020 R 2787 = DASST [D.4370; 0 4745]
Kumar2014 37 425 DOBF1 [0.0620; 0.1150]
Larsoniays 0600 [0.0/14; 02911
Lec20ud DODY0 [0.0000; 0154¢]

Luoimaranta2014

Maichucki20Z3 00229 [0.0125; 0.0381
W M 00707 [0.0510; 0.095
Mclinekin2001 04043 [0.2637.0

Neyyar?018 00227 [D.0006: 0.1207]
Nomura?006 01548 [0.1018; 0.2216]
Numanagliz14 00955 D.0545; 0.1527]
0dagii2014 00713 0.043%; 0.1093]

Onda19y7 0.1040

Ozs0y2003 0.0345 (0004201191
Rallou2014 0.3269 (0.2033 04711
Si 0.0733 (0.0344; 0.0963)
Saulua2015 0.0444 [0.0122;0.1099)
Salmaz?015 0.0304

Samashekhar?021 1381

Suchethazn21 00310

Sueoka201s D075/ [0.0547; 01024
Todo2017 00709 [0.0538; 01700
lomisatoz014 01646 [0.1394; 0 2372
luran2011 0.1029 [0.0649; 0.153C]
Varieugh2013 0.0307 (00133 0.0595)
Widkschwendier 2018 0.1351 [0.0777,0.2131

willam 1987 0.0351 [0.0223; 0.0531
Yokayama 2009 01270 [D.0365; 0.235
Yoon201D D.0305 [D.ODA4; 0.0763]
Zhang2o2s D.0189 [0.0052; 0.04 78]
Common cffect model 15987 0.1035 [0.0987; 0.1083]
Random offects model < 0.0837 (0.0613; 0.1080]
Heterogeneity. I = 9%, " = 0.0161, p = 0
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Forest plot depicting paraaortic/pelvic lymph nodes metastasis rates and
para-aortic+; (C) pelvic+/para-aortic+; (D) funnel plot.
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survival outcomes of patients with isolated paraaortic lymph node
metastasis appear to be comparable to, or not inferior to, those of
the PLN+PAN- group. Li et al. observed that, compared to the
group PLN-PAN- group, PLN+PAN+ had the worst relapse-free
survival (RFS) (HR 8.637, 95% CI 5.012-14.848, p<0.001) and
disease-specific survival (DSS) (HR 15.916, 95% CI 7.817-32.404,
p<0.001), followed by PLN+PAN- (RFS: HR 4.850, 95% CI 2.683-
8.767, p<0.001; DSS: HR 10.635, 95% CI 5.108-22.145, p<0.001),
and then PLN-PAN+ (RFS: HR 3.450, 95% CI 1.498-17.948,
p=0.004; DSS: HR 6.843, 95% CI 2.378-19.697, p<0.001) (35). In
the study by Tomisato et al., the 5-year progression-free survival
(PFS) was reported as 87.1% for PLN-PAN- cases, 67.5% for PLN
+PAN- cases, 44.4% for PLN-PAN+ cases, and 33.2% for PLN
+PAN+ cases. There was no significant difference between
PLN+PAN- and PLN-PAN+ (p=0.16) (32). Guo et al. identified
PLN+PAN+ as an independent predictive factor for poor prognosis
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in patients with lymph node metastasis (HR 1.625, 95% CI 1.379-
1.915, p<0.001). In patients with endometrioid tumors, PLN+PAN-
and PLN-PAN+ exhibited a similar better prognosis than PLN
+PAN+ in stage ITIC disease. However, in stage IIIC disease with
non-endometrioid tumor and stage IV disease, there was no
significant difference in survival among PLN+PAN+, PLN-PAN+
and PLN+PAN- (17).

3.4 Risk factors for paraaortic lymph
nodes metastasis

The meta-analysis revealed that pelvic lymph node metastasis
(OR 16.72, 95% CI 10.03-27.86, I°=52%), myometrial invasion
(=50% vs. <50%, OR 5.18, 95% CI 3.09-8.69, I’=0%), lymph-
vascular space invasion (LVSI) (OR 3.46, 95% CI 2.49-4.81,
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and histologic type (non-endometrioid vs. endometrioid, OR
2.39,95% CI 1.17-4.86, I’=57%) were identified as risk factors for
paraaortic lymph node metastasis (refer to Figure 4) (13-15, 34,
36, 41, 44, 49, 52, 53, 55, 57, 58). However, histologic grade (G2

vs. G1, OR 0.81, 95% CI 0.12-5.57, I*’=91%; G3 vs.

G1+G2, OR

1.08,95% CI 0.48-2.41,1*=0%), adnexal metastasis (OR 2.49, 95%
CI 0.58-10.72, I’=71%), tumor size (>2cm vs. <2cm, OR 2.86,

95% CI 0.75-10.89, I°=54%), and age (=60 vs. <6

0 years, OR

0.5374, 95% CI 0.2460-1.1739, 1°’=0%) showed no significant

association with paraaortic lymph node metastasis
34, 36, 41, 44, 49, 52, 58).
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Furthermore, Change et al. reported that parametrial invasion
(HR 6.15, 95% CI 0.12-329.48, p=0.371), serosal infiltration (HR
5.70,95% CI 0.15-21068, p=0.345), positive peritoneal cytology (HR
1.24,95% CI 0.03-51.02, p=0.910), and peritoneal seeding (HR 1.80,
95% CI 0.21-15.81, p=0.596) were not identified as risk factors for
paraaortic lymph node metastasis (15). Vaizoglu et al. obtained

similar results and concluded that there was no significant

correlation between peritoneal cytology and serosal involvement

as risk factors for paraaortic lymph node metastasis (34). Yoon et al.
discovered that CA 125 levels > 31 U/ml (HR 14.6, 95% CI 1.5-
139.2) were independent preoperative risk factors for paraaortic

lymph node metastasis (37).
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4 Discussion

This study found that the rate of isolated paraaortic lymph node
metastasis (PLN-PAN+) was found to be 2.58% (95% CI 0.0195-
0.0329). The rates for PLN+PAN- and PLN+PAN+ were notably
higher at 8.54% (95% CI 0.0642-0.1092) and 8.37% (95% CI 0.0613-
0.1090), respectively. For clinical stage I EC, the occurrence rate was
5.92% for PLN+PAN- (95% CI 0.0258-0.1032), 1.00% for PLN-
PAN+ (95% CI0.0081-0.0120), and 2.99% for PLN+PAN+ (95% CI
0.0188-0.0431). The survival outcomes showed a gradual decline
trend from PLN-PAN+ and PLN+PAN- to PLN+PAN+. Patients
with isolated paraaortic lymph node metastasis exhibited
comparable or non-inferior survival outcomes compared to the
PLN+PAN group. The analysis indicated that pelvic lymph node
metastasis (OR 16.72, 95% CI 10.03-27.86), myometrial invasion
>50% (OR 5.18, 95% CI 3.09-8.69), lymph-vascular space invasion
(LVSI) (OR 3.46, 95% CI 2.49-4.81), cervical invasion (OR 4.00,
95% CI 2.09-7.66), and non-endometrioid cancer (OR 2.39, 95% CI
1.17-4.86) were risk factors for paraaortic lymph node metastasis.

Paraaortic lymph node metastases can occur through both
direct spread from pelvic metastasis and skip metastasis without
involvement of pelvic lymph nodes (15). This study revealed that
compared to cases of PLN+PAN- and PLN+PAN+, isolated
paraaortic lymph node metastasis (PLN-PAN+) is relatively rare,
accounting for 1.00% of clinical stage I endometrial cancer cases
and 2.58% of all endometrial cancer cases. Multinu et al. reported a
reduced rate of isolated paraaortic lymph node metastasis with the
implementation of ultrastaging on negative pelvic lymph nodes
during sentinel lymph node evaluation (20). The adoption of
ultrastaging in sentinel lymph nodes is anticipated to improve the
detection rate of low-volume pelvic metastases, including
micrometastases of pelvic lymph nodes, as suggested by Guo et al.
(17). Therefore, if sentinel lymph node detection is conducted in
cases where routine postoperative pathological examination
identifies isolated paraaortic lymph node metastasis, there is a
likelihood that pelvic lymph nodes may test positive, potentially
indicating pelvic involvement rather than true isolated paraaortic
lymph node metastasis. It would also be interesting to know the
isolated aortic involvement according to preoperative risk
stratification or postoperative risk stratification in order to direct
adjuvant treatments. Currently, there is a lack of relevant data on
this topic, and we hope that future research will provide clearer
insights into these issues.

While this meta-analysis found no significant differences in OS
between the PLN-PAN+ group and the PLN+PAN- group, as well
as between the PLN-PAN+ and PLN+PAN+ groups, it’s important
to approach this result with caution due to the inclusion of only two
meta-analysis articles. The literature generally indicates a gradual
decrease in survival rates from PLN-PAN+ to PLN+PAN- and
further to PLN+PAN+, even in cases where statistical differences are
not observed (17, 29, 32, 35). Guo et al. identified PLN+PAN+ as an
independent predictive factor for poor prognosis in patients with
lymph node metastasis (17). In contrast to the notably poor survival
outcomes associated with PLN+PAN+, the comparison between
PLN+PAN- and PLN-PAN+ is subject to more controversy. Based
on existing evidence, the PLN-PAN+ group demonstrates survival
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outcomes that are either similar to or not inferior to those of the
PLN+PAN- group (17, 29, 32, 35). Guo et al. also found that in
patients with endometrioid tumors, PLN+PAN- and PLN-PAN+
showed a better prognosis than PLN+PAN+ in stage ITIC disease
(17). However, there was no significant difference in the survival
rates among PLN+PAN+, PLN-PAN+, and PLN+PAN- in stage
IIIC and IV diseases with non-endometrioid tumors (17). This
indicates that tumor stage, pathology, and other factors can also
influence the prognosis of different lymph node metastasis patterns.

Lymphadenectomy plays a pivotal role in the staging and
subsequent adjuvant treatment of endometrial cancer. However,
there exists controversy regarding the optimal extent of lymph node
removal, particularly concerning paraaortic lymph node dissection.
This debate largely revolves around weighing the benefits against
the risks. A meta-analysis that included 14 studies by Pavone et al.
found that pelvic and para-aortic lymphadenectomy appears to
offer a prognostic advantage for women with intermediate- and
high-risk endometrial cancer (59). Approximately 10% of cases
involve paraaortic lymph node involvement, often coexisting with
pelvic lymph node involvement (14, 49). This meta-analysis has
identified pelvic lymph node metastasis as a significant risk factor
for paraaortic lymph node metastasis. Studies have reported that
28.6-66.7% of patients with pelvic lymph node metastasis also
exhibit paraaortic node involvement (51, 52). Luomaranta et al.
discovered that the presence of grossly positive pelvic nodes
correlated with the prediction of para-aortic metastasis,
demonstrating a sensitivity of 52.4% and a specificity of 93.8%
(56). Despite increased intraoperative complications associated with
paraaortic lymph node dissection, survival benefits have been noted
in cases where positive pelvic lymph node metastasis exists. A
retrospective study revealed that among patients with positive
pelvic lymph nodes undergoing postoperative radiation therapy,
those who underwent concurrent paraaortic lymph node dissection
experienced improved survival rates and paraaortic recurrence
control compared to those who did not undergo the procedure
(37). The recommended extent of paraaortic lymphadenectomy
extends to the level of the renal vessels due to the substantial
presence of metastatic lymph nodes above the inferior mesenteric
artery (3). Nevertheless, isolated paraaortic lymph node metastasis,
while relatively infrequent (2.58% as indicated in this meta-
analysis), underscores the need for cautious consideration even in
patients with negative pelvic lymph nodes. Identifying additional
risk factors for positive paraaortic lymph nodes and conducting
targeted dissections represent the most optimal approach to
addressing this issue.

In addition to pelvic lymph node metastasis, this meta-analysis
identified that LVSI, myometrial invasion >50%, cervical invasion,
and non-endometrioid EC are also significant risk factors for
paraaortic lymph node metastasis. Sari et al. reccommended LVSI
as a crucial predictor in intraoperative frozen section analysis to
guide paraaortic lymphadenectomy (53). Chang et al. reported LVSI
as the sole independent factor for isolated paraaortic lymph node
metastasis (15). The incidence rate of paraaortic lymph node
metastasis was only 0.5%-0.8% among patients without LVSI (34,
53). Solmaz et al. suggested combining pelvic lymph node status
with LVSI status to predict paraaortic lymph node involvement;
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when both pathological markers were negative, the incidence of
paraaortic lymph node metastasis was only 0.1% (52).

When multiple risk factors converge, surgical decisions may
become more prone to controversy. ESGO guidelines recommend
both pelvic and para-aortic lymphadenectomy for stage II
endometrial cancer (60). Kumar et al. recommended paraaortic
lymphadenectomy in type II histology endometrial cancer due to a
5% occurrence of isolated paraaortic metastasis even when
myometrial infiltration is <50% (43). On the other hand, Baiocchi
et al. reported that paraaortic lymphadenectomy can be omitted in
patients with superficial myometrial invasion and negative pelvic
lymph node metastasis, with less than 1% risk of paraaortic lymph
node metastasis, irrespective of histological type (14).

Another challenge lies in determining targeted dissection based
on predictive factors of positive paraaortic lymph nodes. It is
optimal to determine predictive factors before or during surgery.
While factors such as lymph node metastasis, LVSI, myometrial
invasion, and histologic type can be suggested preoperatively and
intraoperatively, ensuring their accuracy in alignment with the final
postoperative pathological results remains a concern (53).

Despite efforts to identify predictors preoperatively and
intraoperatively, accurately determining clinical and pathological
factors before final pathology remains challenging, and errors in
frozen section analysis may occur. Further studies are needed to
develop more accurate predictors and improve patient selection for
paraaortic lymphadenectomy. Despite following a rigorous review
protocol for study selection, data extraction, and analysis, this study
has several limitations. Firstly, the retrospective nature of included
studies inherently carries limitations. Secondly, subgroup analyses
lacked uniform standards, precluding meta-analysis. Thirdly, for
survival meta-analysis, only a limited number of studies were
included. Additionally, the use of a random-effects model in some
meta-analyses may introduce variability in weighting large studies
during statistical heterogeneity, potentially impacting the combined
results. These limitations warrant cautious interpretation of the
study’s findings.

In summary, isolated paraaortic lymph node metastasis, though
relatively rare, can still occur even in clinical stage I endometrial
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