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ABSTRACT

Objective: This study aimed to evaluate the therapeutic role of lymphadenectomy in patients
surgically treated for clinically early-stage epithelial ovarian cancer (EOC).

Methods: This retrospective, multicenter study included patients with clinically early-

stage EOC based on preoperative abdominal-pelvic computed tomography or magnetic
resonance imaging findings between 2007 and 2021. Oncologic outcomes and perioperative
complications were compared between the lymphadenectomy and non-lymphadenectomy
groups. Independent prognostic factors were determined using Cox regression analysis.
Disease-free survival (DFS) was the primary outcome. Overall survival (OS) and perioperative
outcomes were the secondary outcomes.

Results: In total, 586 patients (lymphadenectomy group, n=453 [77.3%]; non-
lymphadenectomy groups, n=133 [22.7%]) were eligible. After surgical staging, upstaging
was identified based on the presence of lymph node metastasis in 14 (3.1%) of 453 patients.
No significant difference was found in the 5-year DFS (88.9% vs. 83.4%, p=0.203) and

5-year OS (97.2% vs. 97.7%, p=0.895) between the two groups. Using multivariable analysis,
lymphadenectomy was not significantly associated with DFS or OS. However, using subgroup
analysis, the lymphadenectomy group with serous histology had higher 5-year DFS rates
than did the non-lymphadenectomy group (86.5% vs. 74.4%, p=0.048; adjusted hazard
ratio=0.281; 95% confidence interval=0.107-0.735; p=0.010). The lymphadenectomy group
had longer operating time (p<0.001), higher estimated blood loss (p<0.001), and higher
perioperative complication rate (p=0.004) than did the non-lymphadenectomy group.
Conclusion: In patients with clinically early-stage EOC with serous histology,
lymphadenectomy was associated with survival benefits. Considering its potential harm,
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lymphadenectomy should be performed according to histologic subtype and subsequent
chemotherapy in patients with clinically early-stage EOC.

Trial Registration: Clinical Research Information Service Identifier: KCT0O007309

Keywords: Ovarian Epithelial Carcinoma; Lymph Node Excision; Prognosis; Quality of Life

Synopsis

A study comparing the survival rates of patients with early-stage epithelial ovarian cancer
with and without lymphadenectomy. The group that underwent lymphadenectomy had a
survival advantage in serous histology compared to the group without lymphadenectomy.
We suggest performing lymphadenectomy selectively according to histological subtype.

INTRODUCTION

Ovarian cancer is the most lethal gynecologic cancer [1]. In Korea, the age-standardized
incidence rate was 7.2 per 100,000 in 2021, making it the third most common gynecologic
cancer [2]. Most patients with epithelial ovarian cancer (EOC) were diagnosed with advanced
International Federation of Gynecology and Obstetrics (FIGO) stage III/IV, whereas 25% were
diagnosed with early-stage EOC [3].

The standard EOC treatment includes surgical resection of all visible tumors and systemic
chemotherapy, depending on the stage and risk factors [4]. As part of surgical staging,
pelvic and para-aortic lymphadenectomy is performed wherein lymph nodes are resected,
and lymph node metastases are identified in a tissue sample. In clinically early-stage EOC
diagnosed by preoperative imaging, the mean incidence of true lymph node metastasis
after lymphadenectomy was approximately 14.2% (range, 6.1%-29.6%) [5]. Moreover, the
lymph node metastasis rate reportedly differed according to the histologic subtype [6]. The
frequency of lymph node involvement according to tumor histological subtype was 57% for
serous, 13% for mucinous, and 28% for endometrioid tumors [6].

Lymphadenectomy in patients with early-stage EOC has been suggested to completely
remove the occult tumor from the lymph node (therapeutic role) and define the disease
stage, which influences the choice of systemic chemotherapy (diagnostic role) [7].
However, there are a few retrospective studies on the therapeutic role of lymphadenectomy
in patients with early-stage EOC, with inconsistent results [8,9]. The recent phase 3
randomized Lymphadenectomy In Ovarian Neoplasms trial reported no survival benefit of
lymphadenectomy in patients with advanced EOC with macroscopically complete resection
and clinically negative lymph nodes [10]. Thus, the indication for lymphadenectomy

in patients with advanced EOC is clearly rejected. This hypothesis could be adopted for
early-stage EOC. In addition, with preoperative imaging modality development [11-16] and
technical advances in surgery, research on the latest clinical data is warranted. Therefore,
this multicenter retrospective cohort study aimed to evaluate the therapeutic role of
lymphadenectomy in patients surgically treated for clinically early-stage EOC.
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METHODS

1. Ethics statement

This study was conducted in accordance with the ethical principles outlined in the Declaration
of Helsinki. This multicenter, retrospective cohort study was conducted after obtaining ethical
approval and waiver of informed consent from the Institutional Review Boards of 4 tertiary
medical institutions: Konkuk University Medical Center (KUMC 2020-10-043), Seoul
National University Hospital (2110-169-1266), Seoul National University Bundang Hospital
(B-2112-728-401), and Ajou University Hospital (DB-2022-320). In accordance with the
journal’s guidelines, we will provide our data for independent analysis by a selected team by
the Editorial Team for the purposes of additional data analysis or for the reproducibility of
this study in other centers if such is requested.

2. Study population

From September 2007 to April 2021, the electronic medical records of all eligible patients

in participating institutions were reviewed. The eligibility criteria were (Fig. S1): previously
untreated primary EOC diagnosed with presumed FIGO stages I/Il based on radiologic
examinations, such as abdominal-pelvic computed tomography (CT) or magnetic resonance
imaging (MRI), within 4 weeks before surgery, staging surgery for the treatment of EOC, and
adequate performance status (Eastern Cooperative Oncology Group [ECOG] performance
status, <2). The exclusion criteria were: short follow-up (<3 months); non-EOC; suspicious
metastasis to the retroperitoneal lymph nodes or outside the pelvis preoperative imaging
diagnosis; distant metastasis suspected by clinical and radiologic examinations or based on
intraoperative findings from surgical records; neoadjuvant chemotherapy; and a history of
another malignancy or underlying disease that could affect survival.

3. Data collection

Clinicopathologic data including age; ECOG performance status; Charlson Comorbidity Index;
preoperative serum cancer antigen 125 (CA125); presumed clinical stage; final FIGO stage based
on surgical-pathologic findings; operative time; estimated blood loss (EBL); and perioperative
complications were collected from the electronic medical records. Treatment information,
including surgery details and adjuvant chemotherapy types, was collected. All treatments were
performed at the discretion of the attending physicians following the practice guidelines for
ovarian cancer management in Korea [17]. All attending surgeons were gynecologic oncologists
accredited by the Korean Society of Gynecologic Oncology. Basic surgical procedures included
total abdominal hysterectomy; bilateral salpingo-oophorectomy; cytological evaluation of
ascites or peritoneal washing; excision of suspicious peritoneal implants; omentectomy; and
pelvic and para-aortic lymphadenectomy. However, completion of all these procedures was
not mandatory [17].

Lymphadenectomy involved removal of all suspected and enlarged lymph nodes, including
the pelvic and/or para-aortic lymph nodes. All patients who underwent lymphadenectomy,
regardless of the number of lymph nodes collected, were allocated to the lymphadenectomy
group. Operation time was defined as the time from skin incision to closure. The amount of
EBL was determined based on the difference between the blood amount in suction bottles
(considering the irrigation used at the surgical site) and the weight of blood-soaked sponges.
Adjuvant chemotherapy after surgery in patients with early-stage EOC was considered

an option in patients with stage I disease selected based on histological type and cancer
substage. Regarding mucinous tumors, grade 1 endometrioid, and low-grade serous cases,
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the benefit of adjuvant systemic therapy has not been demonstrated and observation

was optional [18]. The primary endpoint was disease-free survival (DFS). The secondary
endpoints were overall survival (OS) and perioperative outcomes. DFS was defined as the
period from primary surgery date to first recurrence or censoring date. Furthermore, OS was
defined as the period from primary surgery date to death or censoring date.

4. Statistical analysis

Continuous variables were analyzed using the Mann-Whitney U test. Categorical variables were
analyzed using the y? test or Fisher’s exact test. Propensity score matching was constructed
using a multivariate logistic regression model, including variables significantly associated with
treatment modality through univariate analysis and variables of significant clinical importance
[19]. Inverse probability of treatment weighting (IPTW) used propensity scores to balance
baseline patient characteristics in the lymphadenectomy and non-lymphadenectomy groups
across patient groups in the analysis [20]. To balance basic clinicopathological factors, we
constructed IPTW models. Analysis of survival according to lymphadenectomy before and
after IPTW adjustment was performed using the Kaplan-Meier method. Additionally, the
log-rank method was used for evaluating significance. A Cox regression model was used

for analyzing the prognostic significance of lymphadenectomy. Variables with a p-value

of <0.1 from univariable analysis and well-known prognostic variables were fitted into
multivariable analysis. Forest plots were used for describing adjusted hazard ratios (HRs)
for lymphadenectomy in different subgroups according to age (<65 and 2065 years), histology
(serous, mucinous, and clear cell), stage (I and II), and adjuvant chemotherapy (no and yes).
All statistical analyses were performed using R software version 4.1.0 (R Foundation for
Statistical Computing, Vienna, Austria). Statistical significance was set at p<0.05.

RESULTS

1. Patients

In total, 586 patients met the inclusion criteria: 453 (77.3%) underwent lymphadenectomy
and 133 (22.7%) did not (Fig. S1). Based on the recommendations by the 2019 European
Society of Oncology-European Society of Gynecological Oncology consensus conference,
lymphadenectomy was considered the standard surgical staging method for clinically
early-stage EOC. Consequently, a substantial cohort of patients underwent this procedure.
Adjuvant chemotherapy was administered to 381 (84.1%) and 88 (66.1%) patients in the
lymphadenectomy and non-lymphadenectomy groups, respectively. Table 1 presents the
patients’ baseline characteristics. The median resected node number in the lymphadenectomy
group was 21. Ten or more lymph nodes were harvested in 371 (81.9%) cases. The median
preoperative serum CA125 level (64.25 vs. 52.35 U/mL, p=0.009) and histologic grade 2/3
frequency (80.6% vs. 70.7%, p=0.032) were significantly higher in the lymphadenectomy
than in the non-lymphadenopathy group. In addition, histologic type and lymphadenectomy
were significantly associated (p<0.001). The lymphadenectomy group had a significantly
higher proportion of clear cell histology (27.8% vs. 18.0%, p=0.024) and a lower proportion
of mucinous histology (15.0% vs. 39.1%, p<0.001) than did the non-lymphadenopathy
group. Table S1 presents the baseline characteristics of patients in the IPTW cohort based on
propensity score. Moreover, no significant differences were found between the 2 groups.

https://doi.org/10.3802/jg0.2024.35.€75 4/15



) g JOURNAL OF
‘ , GYNECOLOGIC
ONCOLOGY

LILAC: a GORILLA-3002 study

Table 1. Baseline characteristics of enrolled patients and the surgical procedures

Characteristics Non-lymphadenectomy (n=133) Lymphadenectomy (n=453) p

Age (yr) 59 (41.00-62.00) 59 (46.00-58.00) 0.673

Body mass index (kg/m?) 22.81 (20.68-25.65) 23.19 (20.83-25.34) 0.684

ECOG 0.245
0 124 (93.9) 439 (95.4)

1 6 (4.5) 18 (4.0)
2 3(2.3) 3(0.7)

CCl 0.234
0 992 (69.2) 339 (74.8)

1 41 (30.8) 114 (25.2)

Preoperative serum CA125 (U/mL) 52.35(20.30-90.03) 64.25 (24.52-214.25) 0.009

BRCA mutation 0.554
wild 25 (83.3) 135 (87.7)

BRCA positive 5(16.7) 19 (12.3)

Presumed clinical stage* 0.884
I 121 (91.0) 408 (90.1)

I 12 (9.0) 45(9.9)

Final FIGO stage' 0.179
IA 56 (42.1) 131 (28.9)
1B 3(2.3) 7 (1.5)

IC 49 (36.8) 199 (43.9)
1A 5(3.8) 35(7.7)
1B 14 (10.5) 53 (11.7)
A 3(2.3) 14 (3.1)
s 1(0.8) 5(1.1)
nc 2 (1.5) 9(2.0)

Histologic grade 0.032
1 34(25.6 77 (17.0)

2-3 82 (61.7) 319 (70.4)
Unknown 17 (12.8) 57 (12.6)

Histologic type <0.001
Serous 40 (30.1) 154 (34.0) 0.405
Mucinous 52(39.1) 68 (15.0) <0.001
Endometrioid 15(11.3) 78 (17.2) 0.107
Clear cell 24 (18.0) 126 (27.8) 0.024
Miscellaneous 2 (1.5) 27 (6.0) 0.039

Re-staging surgery 16 (12.0) 42 (9.3) 0.408

Surgical procedures
Hysterectomy 93 (69.9) 400 (88.3) <0.001
Bilateral salpingo-oophorectomy 110 (82.7) 4929 (94.7) <0.001
Omentectomy 93 (69.9) 404 (89.2) <0.001
Peritonectomy 34 (25.6) 111 (24.5) 0.820

LND type

Not done 133 (100)
PLND only 176 (38.9)
PALND only 5(1.1)
PLND + PALND 272 (60.0)

Number of harvested LN 21 (1-94)

Values are presented as median (range) or number (%).
CClI, Charlson Comorbidity Index; ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of Gynecology and Obstetrics; LN, lymph node;
LND, lymph node dissection; PALND, para-aortic lymph node dissection; PLND, pelvic lymph node dissection.

“Based on preoperative imaging studies.
TBased on final surgicopathological findings.
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2. Treatments

Table S2 reveals detailed information about the perioperative outcomes and postoperative
management. The lymphadenectomy group showed a longer median operation time (200
vs. 135 minutes, p<0.001), higher median EBL (400 vs. 200 mL, p<0.001), more frequent
perioperative adverse events (12.1% vs. 3.0%, p=0.004), and higher rate of adjuvant
chemotherapy (84.1% vs. 66.2%, p<0.001) than did the non-lymphadenectomy group.
Surgical staging resulted in upstaging in 28 patients (6.2%) in the lymphadenectomy group
and 6 patients (4.5%) in the non-lymphadenectomy group. Upstaging was based on the
finding of lymph node metastasis in 14 patients in the lymphadenectomy group (3.1%).
Owing to metastasis to the peritoneum, omentum, and distal site, the stage was upstaged
in 3 patients and 1 patient in 10 patients, respectively. In the non-lymphadenectomy group,
peritoneum and omentum metastases were confirmed in 3 and 3 patients, respectively.

3. Survival outcomes

At a median follow-up period of 44 months (range, 3-143 months), 42 (9.3%) and 16 (12.0%)
patients in the lymphadenectomy and non-lymphadenectomy groups, respectively, had
recurrence. In the lymphadenectomy group, recurrence was confirmed in the pelvic

cavity (n=19), retroperitoneal lymph node (n=4), and distant sites (n=19). In the non-
lymphadenectomy group, recurrence was confirmed in the pelvic cavity (n=5), retroperitoneal
lymph node (n=4), and distant sites (n=7). The 5-year DFS rates were 88.9% and 83.4%

in the lymphadenectomy and non-lymphadenectomy groups, respectively; the median

DFS was comparable (127 vs. 120 months, p=0.203, log-rank test) (Fig. 1A). As a result of
adjusting for IPTW based on the propensity score, there was no difference in DFS between
the lymphadenectomy and non-lymphadenectomy groups (p=0.10) (Fig. S2A). Table 2
summarizes the results of Cox regression analysis of prognostic factors for DFS. Using
multivariable analysis, histologic grade 2/3 was significantly associated with poor outcomes
(adjusted HR=4.854; 95% confidence interval [CI]=1.084-21.742; p=0.039). After adjusting
for age, preoperative serum CA125 level, histologic grade, and stage, no significant between-
group difference was found regarding DFS (adjusted HR=0.667; 95% CI=0.326-1.367;
p=0.269) (Table 2).

During the study period, 10/453 (2.2%) and 3/133 (2.3%) patients expired in the
lymphadenectomy and non-lymphadenectomy groups, respectively, with 5-year OS rates of
97.7% and 97.2%, respectively. The median OS was not significantly different between groups

A B
[ ™ 1O prim—
0.8 - * 0.8 -
0.6 | 0.6
i 8
0.4 4 0.4 -
—— Lymphadenectomy —— Lymphadenectomy
0.2 4 —— Non-lymphadenectomy 0.2 4 —— Non-lymphadenectomy
p=0.203 p=0.895
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Follow-up months Follow-up months

Fig. 1. Survival graph of patients with lymphadenectomy or non-lymphadenectomy. (A) DFS and (B) OS.
DFS, disease-free survival; OS, overall survival.
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Table 2. Cox regression analysis of disease-free survival and overall survival

Variables Univariable analysis

HR (95% ClI) p-value

Multivariable analysis (n=500)
HR (95% CI) p-value

Disease-free survival
Age (yr) 1.004 (0.983-1.026) 0.703
Body mass index (kg/m?) 0.972 (0.901-1.047) 0.453

0.974 (0.945-1.005) 0.101

ECOG
0 1 (ref.)
1 1.678 (0.524-5.374)  0.383
2 1.742 (0.241-12.598) 0.583
CcCl
0 1 (ref.)
>1 0.859(0.471-1.568)  0.622

Pre-op CA125 (U/mL)
BRCA mutation

wild 1 (ref.)

BRCA mutation 0.637 (0.194-2.091) 0.457
Histologic grade

1.000 (1.000-1.000) 0.084 1.000 (1.000-1.000) 0.052

1 1 (ref.) 1 (ref.)

2-3 4.343 (1.350-13.977) 0.014 4.854 (1.084-21.742) 0.039
Histologic type

Serous 1 (ref.) 1 (ref.)

Mucinous 0.721 (0.343-1.514) 0.387 0.711 (0.260-1.943) 0.506

Endometrioid 0.264 (0.079-0.878)  0.030 0.340 (0.099-1.168)  0.087

Clear cell 1.205 (0.667-2.178) 0.536 1.107 (0.550-2.227) 0.776

Miscellaneous 0.266 (0.036-1.974) 0.196 0 (0-Inf) -
Stage

| 1 (ref.) 1 (ref.)

1l 1.245 (0.565-2.744) 0.587 1.166 (0.478-2.844) 0.735
Fertility-sparing surgery 0.183 (0.025-1.321) 0.092 0 (0-Inf)

0.699 (0.270-1.809) 0.461

Chemotherapy 0.922 (0.488-1.741) 0.802
Lymphadenectomy 0.689 (0.387-1.226) 0.205 0.667 (0.326-1.367) 0.269
Overall survival
Age (yr) 1.005 (0.960-1.051)  0.843 0.995 (0.948-1.044)  0.826
Body mass index (kg/m?) 0.999 (0.857-1.166) 0.994
ECOG
0 1 (ref.) 1 (ref.)
1 5.287(1.169-23.919) 0.031 4.532 (0.850-24.169)  0.077
2 0 (0-Inf) - 0 (0-Inf) -
CClI
0 1 (ref.)
>1 2.388(0.803-7.107) 0.118

Pre-op CA125 (U/mL)
BRCA mutation
wild 1 (ref.)

1.000 (0.999-1.001) 0.664 1.000 (0.999-1.001) 0.664

BRCA positive 0 (0-Inf) -
Histologic grade
1 1 (ref.)
2-3 0 (0-Inf) -
Histologic type
Serous 1 (ref.) 1 (ref.)
Mucinous 0.845 (0.211-3.383) 0.812 1.231 (0.247-6.128) 0.800
Endometrioid 0 (0-Inf) - 0 (0-Inf) -
Clear cell 0.894 (0.252-3.168)  0.862 1.008 (0.258-3.934)  0.990
Miscellaneous 0 (0-Inf) - 0 (0-Inf) -
Stage
| 1 (ref.) 1 (ref.)
Il 1.565 (0.346-7.084)  0.561 1.641(0.336-8.014)  0.540
Fertility-sparing surgery 0 (0-Inf) -

Chemotherapy
Lymphadenectomy

2.978 (0.387-22.909)  0.294 2.949 (0.333-26.105)  0.331
0.916 (0.252-3.332) 0.895 0.933 (0.234-3.714) 0.922

CA125, cancer antigen 125; CCl, Charlson Comorbidity Index; Cl, confidence interval; ECOG, Eastern Cooperative
Oncology Group; HR, hazard ratio.
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Fig. 2. Subgroup analyses of adjusted HR* for DFS (A) and OS (B) between the lymphadenectomy and non-lymphadenectomy groups according to age, histology,

stage, and adjuvant chemotherapy

CA125, cancer antigen 125; Cl, confidence interval; DFS, disease-free survival; HR, hazard ratio; OS, overall survival.
“Adjusted for age, preoperative serum CA125 level, histologic grade, and stage.
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(139 vs. 136 months, p=0.895, log-rank test) (Fig. 1B). There was no significant difference in
OS between the lymphadenectomy and non-lymphadenectomy groups after adjusting for
IPTW (p=0.95) (Fig. $2B). After adjusting for age, ECOG status, preoperative serum CA125
level, histologic type, and stage, no significant between-group difference was found in OS
(adjusted HR=0.933; 95% CI=0.234-3.714; p=0.922).

We sub-analyzed DFS between the 2 groups according to age, histology, stage, and adjuvant
chemotherapy. However, lymphadenectomy remained an independent prognostic factor for
longer DFS in patients with serous histology (adjusted HR=0.281; 95% CI=0.107-0.735; p=0.010)
and those aged 65 years (adjusted HR=0.083; 95% CI=0.008-0.833; p=0.034) (Fig. 2A).
Subgroup analysis of OS according to age, stage, and adjuvant chemotherapy could not be
performed because of the small number of events. Using subgroup analysis by histology,
lymphadenectomy was not associated with OS in patients with serous histology or mucinous
histology (Fig. 2B).

Kaplan—Meier curves for DFS and OS by lymphadenectomy according to histologic

type are shown in Fig. 3. Among patients with serous histology, those who underwent
lymphadenectomy showed better 5-year DFS than did those who did not (86.5% vs. 74.4%,
p=0.048) (Fig. 3A). However, no significant differences were observed in patients with
mucinous (p=0.674) (Fig. 3B), endometrioid (p=0.412) (Fig. 3C), and clear cell (p=0.894)
histologies (Fig. 3D). OS was not significantly different between the groups of all histologic
types. When the survival rate in the lymphadenectomy group was further stratified according
to the presence or absence of lymph node metastasis, the lymph node metastasis group
showed worse DFS (p=0.000) and OS (p=0.000) (Fig. $3). In the patients, excluding those
who were upstaged, the 5-year DFS rates were 90.5% and 85.5% in the lymphadenectomy and
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non-lymphadenectomy groups, respectively (p=0.281, log-rank test) (Fig. S4A). In the patients,
excluding upstaging cases, the 5-year OS rates were 98.8% and 98.9% in the lymphadenectomy
and non-lymphadenectomy groups, respectively (p=0.605, log-rank test) (Fig. S4B). In patients
who did not receive postoperative chemotherapy, the 5-year DFS rates were 94.6% and

76.7% in the lymphadenectomy and non-lymphadenectomy groups, respectively, suggesting

significant improvements in the lymphadenectomy group (p=0.020, log-rank test) (Fig. S5).

When the survival rate was analyzed according to the removed lymph node number, there
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Fig. 3. DFS and OS between the lymphadenectomy and non-lymphadenectomy groups according to histologic subtypes: (A) serous, (B) mucinous, (C) endometrioid,
and (D) clear cell.
DFS, disease-free survival; 0S, overall survival.
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Fig. 3. (Continued) DFS and OS between the lymphadenectomy and non-lymphadenectomy groups according to histologic subtypes: (A) serous, (B) mucinous,

(C) endometrioid, and (D) clear cell.
DFS, disease-free survival; OS, overall survival.

https://ejgo.org

was no significant difference in DFS (p=0.233) and OS (p=0.174) between <10 and >10 lymph
node groups (Fig. $6). We allocated the patients to groups according to whether or not

they underwent lymphadenectomy. Furthermore, we compared the survival curves of the
patient group that received adjuvant chemotherapy with that of the patient group that did not
(Figs. S7 and S8). In the group that underwent lymphadenectomy, there was no significant
improvement in survival rate depending on whether chemotherapy was administered.
However, the non-lymphadenectomy group, the group that received chemotherapy, tended to
experience less recurrence, despite showing no statistical significance.

DISCUSSION

In the present study, lymphadenectomy was not an independent prognostic factor in patients
surgically treated for early-stage EOC after adjusting for other well-known prognostic
variables. However, the histologic subtype was associated with a survival benefit after
lymphadenectomy. Lymphadenectomy resulted in improved DES in patients with serous
ovarian cancer. Considering the potential risk of lymphadenectomy, it should be selectively
performed according to the different histologic subtypes and adjuvant chemotherapy in
patients with clinically early-stage EOC.

No phase 3 randomized trials have primarily evaluated the therapeutic role of lymphadenectomy
in early-stage EOC. Per the recommendations of the 2019 European Society for Medical
Oncology-European Society of Gynaecological Oncology consensus conference on ovarian
cancer, lymphadenectomy was considered a standard surgical staging method for clinically
early-stage EOC. However, the level of evidence was IV (based on retrospective studies), and
22.5% (9/40) experts did not reach a consensus [21]. These findings highlight physicians’
concerns regarding the uncertainty of lymphadenectomy in the treatment of early-stage
EOC. Although a randomized controlled trial compared the prevalence of lymph node
metastasis between lymphadenectomy and non-lymphadenectomy groups in patients with
early-stage EOC, survival data were used as secondary endpoints [22]. Although this trial
had an imbalance regarding adjuvant chemotherapy and lacked the power to detect clinically
meaningful effects of lymphadenectomy, 5-year DFS (71.3% vs. 78.3%) and 5-year OS (81.3%
vs. 84.2%) were comparable between the two groups. These results were consistent with ours.
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The lymph node metastasis rate in patients with clinically early-stage EOC varies by histologic
subtype [6]. Although the serous histology rate rises above 10% [23], the rate in patients with
low-grade endometrioid or mucinous histology is <2% [24,25]. The results of the present
study are in the same context, as the lymph node metastasis rates were 5.2% for serous,

4.0% for clear cell, 0% for mucinous, and 1.3% for endometrioid histologies. These findings
further indicated that lymphadenectomy did not improve survival in patients with mucinous
and endometrioid ovarian cancer. Thus, lymphadenectomy should be used as a diagnostic
tool in patients with an elevated risk for lymph node metastases, but not in those with a very
low incidence of lymph node metastasis, because it plays a very limited role in determining
adjuvant chemotherapy requirements in such cases.

Another suggested function of lymphadenectomy is complete removal of the occult tumor
from the lymph node. However, as suggested by the former two meta-analyses [8,26],

the effect of lymphadenectomy on survival in patients with clinically early-stage EOC
remains unknown. According to the recent phase 3 LION trial, no therapeutic role of
lymphadenectomy was confirmed in patients with completely resected advanced EOC treated
with adjuvant systemic chemotherapy who had clinically negative lymph node [10]. Based

on the results of this study, the effects of occult lymph node metastasis could be reversed by
adjuvant chemotherapy. This finding can be extrapolated to early stage EOC. The EORTC-
ACTION trial is a phase 3 randomized trial to test the efficacy of adjuvant chemotherapy in
patients with early-stage EOC [27]. Regarding observation, patients who were optimally
staged had significantly better OS and recurrence-free survival than did those who were
non-optimally staged. However, regarding chemotherapy, no such association was observed,
indicating that the poor prognosis of non-optimally staged patients could be improved by
adjuvant chemotherapy.

Our study also showed similar results. In the subgroup that did not receive adjuvant
chemotherapy, although not statistically significant, the lymphadenectomy group (adjusted
HR=0.319; 95% CI=0.042-2.405) was favored compared with the non-lymphadenectomy
group. However, the effect size (adjusted HR=0.741) was reduced in the subgroup that
received adjuvant chemotherapy. In the present study, the adjuvant chemotherapy rates for
serous histology in the lymphadenectomy and non-lymphadenectomy groups were 88.3%
and 37.5%, respectively, whereas most patients (98.6%) with clear cell histology received
adjuvant chemotherapy. This imbalance probably explains the difference in prognosis
according to lymphadenectomy for serous, but not clear cell, histology.

Our results did not suggest that routine omission of lymphadenectomy was beneficial in
patients with early-stage EOC. Rather, lymphadenectomy should be considered based

on the histologic subtype, patient performance, and influence of the results of staging
lymphadenectomy for subsequent treatment. Lymphadenectomy has little diagnostic role in
high-risk patients for whom adjuvant chemotherapy is planned regardless of information on
lymph node metastases. However, lymphadenectomy should be considered for its diagnostic
role in patients for whom adjuvant chemotherapy has not yet been determined. Considering
these, lymphadenectomy appears to be the most beneficial in patients with early-stage serous
ovarian cancer, where it has the potential to impact the choice of stage-adapted adjuvant
chemotherapy [28]. If patients are sub-optimally staged during the initial surgery, we can
choose restaging with lymphadenectomy followed by tailored adjuvant chemotherapy or
blind administration of chemotherapy without staging lymphadenectomy. Although this

is a debatable concept, future clinical trials focusing on quality-of-life issues are required

https://doi.org/10.3802/jg0.2024.35.€75 11/15



LILAC: a GORILLA-3002 study

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

https://ejgo.org

for confirmation. A prospective, randomized, multicenter trial comparing the treatment
outcomes of staging surgery with and without lymphadenectomy in patients with stage I
and II EOC with indications for adjuvant chemotherapy is ongoing at Sun Yat-sen University
Cancer Center [29].

To our knowledge, this is one of the largest studies to evaluate the therapeutic role of
lymphadenectomy in patients with clinically early-stage EOC. Moreover, the study period
and sites represent recent clinical practice in a real-world setting, with an adequate follow-up
period for survival analysis.

The present study has some limitations. First, inherent selection bias owing to the retrospective
cohort study design might have existed. Although all consecutive patients with clinically early-
stage EOC from four tertiary medical centers were screened, several relevant prognostic factors
could have been adjusted to minimize this risk. Unmeasured confounding factors could not
have been completely ruled out. Second, the surgical procedure for lymphadenectomy was not
as detailed as an a priori protocol, and a quality issue may have existed. Moreover, para-aortic
lymphadenectomy was not performed in 38.9% of the patients in the lymphadenectomy group.
Therefore, the true lymph node involvement rates might be unclear. The harvested lymph node
number is a surrogate marker of lymphadenectomy quality and influences false-negative rates
[30]. Adequate dissection of at least 10 lymph nodes is the standard procedure for early-stage
EOC staging [31]. In this study, the harvested lymph node number was >10 (81.9%). Thus,

the surgical procedure quality was considered appropriate. Third, the mucinous histology
subclassification, including expansile and infiltrative types, could not be further considered
because of limited information. A recent study reported a distinct pattern of lymph node
metastasis according to this classification. The expansile type was associated with rare events
of lymph node metastasis and excellent prognosis, whereas the infiltrative type was associated
with a higher prevalence (17%) of lymph node metastasis [32]. Nonetheless, it is reasonable
that our results were minimally affected by this missing information, considering the very low
recurrence or death in cases of mucinous histology, regardless of lymphadenectomy.

Fourth, regarding treatment of ovarian cancer, targeted therapy such as vascular endothelial
growth factor (VEGF) inhibitors and poly (ADP-ribose) polymerase inhibitors (PARP1)

may affect survival rates. A subgroup analysis of the GOG 218 showed that bevacizumab
maintenance improved progression-free survival (PES) in patients with ascites [33] and

in those with stage IV disease (43 vs. 33 months, HR=0.75; 95% CI=0.59-0.95) [34]. In
addition, in a subgroup of the ICON7 study, bevacizumab maintenance treatment reported
an improvement in PFS in women at high risk of progression (stage 3 with residual

disease greater than 1.0 cm at the end of surgery, inoperable stage 3 or 4) [35]. In the
lymphadenectomy group included in this study, upstage cases were stage 3 or higher 28/453
(6.1%). Among these, there were very few high-risk cases that could be administered VEGF
inhibitors as a high-risk group. Therefore, it is expected that there will be very few cases
that could benefit from VEGF inhibitors. Additionally, this study mainly comprised a cohort
before PARPi was clinically applied as front-line maintenance, with few patients receiving
PARPi, the effect of PARPi was expected to be minimal.

Considering the potential risk of lymphadenectomy, it should be selectively performed
based on the histologic subtype, patient’s medical condition, and influence of the results
of lymphadenectomy on adjuvant chemotherapy. To verify this hypothesis, well-designed
randomized trials are warranted. Concurrently, our results may be useful for counseling
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patients and deciding the addition of lymphadenectomy for early-stage EOC cases during
initial staging as well as restaging in clinical practice.

In conclusion, this large-scale retrospective multicenter cohort study showed that
lymphadenectomy was not associated with a survival benefit in patients surgically treated
for clinically early-stage EOC, after adjusting for prognostic variables. However, for a serous
histology, lymphadenectomy may have a survival benefit from stage-adapted adjuvant
chemotherapy, not from surgical excision of lymph nodes per se.
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Fig. S8
DFS and OS in patients without lymphadenectomy with or without chemotherapy. (A) DFS
and (B) OS.

REFERENCES

1. PDQ Adult Treatment Editorial Board. Ovarian epithelial, fallopian tube, and primary peritoneal cancer
treatment (PDQ®): health professional version. PDQ cancer information summaries. Bethesda, MD:
National Cancer Institute; 2002.

2. Jung KW, Won YJ, Hong S, Kong HJ, Im JS, Seo HG. Prediction of cancer incidence and mortality in
Korea, 2021. Cancer Res Treat 2021;53:316-22. PUBMED | CROSSREF

3. Torre LA, Trabert B, DeSantis CE, Miller KD, Samimi G, Runowicz CD, et al. Ovarian cancer statistics,
2018. CA Cancer ] Clin 2018;68:284-96. PUBMED | CROSSREF

4. duBois A, Quinn M, Thigpen T, Vermorken J, Avall-Lundqvist E, Bookman M, et al. 2004 Consensus
statements on the management of ovarian cancer: final document of the 3rd International Gynecologic
Cancer Intergroup Ovarian Cancer Consensus Conference (GCIG OCCC 2004). Ann Oncol 2005;16 Suppl
8;viii7-12. PUBMED | CROSSREF

5. Kleppe M, Wang T, Van Gorp T, Slangen BF, Kruse AJ, Kruitwagen RF. Lymph node metastasis in stages I
and II ovarian cancer: a review. Gynecol Oncol 2011;123:610-4. PUBMED | CROSSREF

6. Morice P, Joulie F, Camatte S, Atallah D, Rouzier R, Pautier P, et al. Lymph node involvement in epithelial
ovarian cancer: analysis of 276 pelvic and paraaortic lymphadenectomies and surgical implications. ] Am
Coll Surg 2003;197:198-205. PUBMED | CROSSREF

7. Oshita T, Itamochi H, Nishimura R, Numa F, Takehara K, Hiura M, et al. Clinical impact of systematic
pelvic and para-aortic lymphadenectomy for pT1 and pT2 ovarian cancer: a retrospective survey by the
Sankai Gynecology Study Group. Int ] Clin Oncol 2013;18:1107-13. PUBMED | CROSSREF

8. Chiyoda T, Sakurai M, Satoh T, Nagase S, Mikami M, Katabuchi H, et al. Lymphadenectomy for primary
ovarian cancer: a systematic review and meta-analysis. ] Gynecol Oncol 2020;31:e67. PUBMED | CROSSREF

9. Yao G, Jin X. Impact of lymphadenectomy on outcomes of early-stage ovarian cancer: a systematic review
and meta-analysis. Front Surg 2021;8:682348. PUBMED | CROSSREF

10. Harter P, SehouliJ, Lorusso D, Reuss A, Vergote I, Marth C, et al. A randomized trial of lymphadenectomy
in patients with advanced ovarian neoplasms. N Engl ] Med 2019;380:822-32. PUBMED | CROSSREF

11. Jian], LiY, Pickhardt PJ, Xia W, He Z, Zhang R, et al. MR image-based radiomics to differentiate type I
and type II epithelial ovarian cancers. Eur Radiol 2021;31:403-10. PUBMED | CROSSREF

12. Song XL, Ren]JL, Zhao D, Wang L, Ren H, Niu J. Radiomics derived from dynamic contrast-enhanced
MRI pharmacokinetic protocol features: the value of precision diagnosis ovarian neoplasms. Eur Radiol
2021;31:368-78. PUBMED | CROSSREF

13. Zhang H, Mao Y, Chen X, Wu G, Liu X, Zhang P, et al. Magnetic resonance imaging radiomics
in categorizing ovarian masses and predicting clinical outcome: a preliminary study. Eur Radiol
2019;29:3358-71. PUBMED | CROSSREF

14. Vargas HA, Veeraraghavan H, Micco M, Nougaret S, Lakhman Y, Meier AA, et al. A novel representation
of inter-site tumour heterogeneity from pre-treatment computed tomography textures classifies ovarian
cancers by clinical outcome. Eur Radiol 2017;27:3991-4001. PUBMED | CROSSREF

15. QiuY, Tan M, McMeekin S, Thai T, Ding K, Moore K, et al. Early prediction of clinical benefit of treating
ovarian cancer using quantitative CT image feature analysis. Acta Radiol 2016;57:1149-55. PUBMED |
CROSSREF

16. Rizzo S, Botta F, Raimondi S, Origgi D, Buscarino V, Colarieti A, et al. Radiomics of high-grade serous
ovarian cancer: association between quantitative CT features, residual tumour and disease progression
within 12 months. Eur Radiol 2018;28:4849-59. PUBMED | CROSSREF

17.  Suh DH, Chang SJ, Song T, Lee S, Kang WD, Lee SJ, et al. Practice guidelines for management of ovarian
cancer in Korea: a Korean Society of Gynecologic Oncology Consensus Statement. ] Gynecol Oncol
2018;29:e56. PUBMED | CROSSREF

18. Armstrong DK, Alvarez RD, Bakkum-Gamez JN, Barroilhet L, Behbakht K, Berchuck A, et al. Ovarian
cancer, version 2.2020, NCCN Clinical Practice Guidelines in Oncology. ] Natl Compr Canc Netw
2021;19:191-226. PUBMED | CROSSREF

https://doi.org/10.3802/jg0.2024.35.€75 14/15


http://ejgo.org/DownloadSupplMaterial.php?id=10.3802/jgo.2024.35.e75&fn=jgo-35-e75-s010.ppt
http://www.ncbi.nlm.nih.gov/pubmed/33735558
https://doi.org/10.4143/crt.2021.290
http://www.ncbi.nlm.nih.gov/pubmed/29809280
https://doi.org/10.3322/caac.21456
http://www.ncbi.nlm.nih.gov/pubmed/16239238
https://doi.org/10.1093/annonc/mdi961
http://www.ncbi.nlm.nih.gov/pubmed/21982047
https://doi.org/10.1016/j.ygyno.2011.09.013
http://www.ncbi.nlm.nih.gov/pubmed/12892797
https://doi.org/10.1016/S1072-7515(03)00234-5
http://www.ncbi.nlm.nih.gov/pubmed/23073623
https://doi.org/10.1007/s10147-012-0483-8
http://www.ncbi.nlm.nih.gov/pubmed/32808497
https://doi.org/10.3802/jgo.2020.31.e67
http://www.ncbi.nlm.nih.gov/pubmed/34169090
https://doi.org/10.3389/fsurg.2021.682348
http://www.ncbi.nlm.nih.gov/pubmed/30811909
https://doi.org/10.1056/NEJMoa1808424
http://www.ncbi.nlm.nih.gov/pubmed/32743768
https://doi.org/10.1007/s00330-020-07091-2
http://www.ncbi.nlm.nih.gov/pubmed/32767049
https://doi.org/10.1007/s00330-020-07112-0
http://www.ncbi.nlm.nih.gov/pubmed/30963272
https://doi.org/10.1007/s00330-019-06124-9
http://www.ncbi.nlm.nih.gov/pubmed/28289945
https://doi.org/10.1007/s00330-017-4779-y
http://www.ncbi.nlm.nih.gov/pubmed/26663390
https://doi.org/10.1177/0284185115620947
http://www.ncbi.nlm.nih.gov/pubmed/29737390
https://doi.org/10.1007/s00330-018-5389-z
http://www.ncbi.nlm.nih.gov/pubmed/29770626
https://doi.org/10.3802/jgo.2018.29.e56
http://www.ncbi.nlm.nih.gov/pubmed/33545690
https://doi.org/10.6004/jnccn.2021.0007

LILAC: a GORILLA-3002 study

JOURNAL OF
GYNECOLOGIC
ONCOLOGY

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Russell B, Hawarden A, Gee M, Edmondson RJ. Propensity score matching confirms that primary surgery
or neoadjuvant chemotherapy result in equivalent survival within a comprehensive cohort of patients with
high-grade serous ovarian cancer. Gynecol Oncol 2021;160:24-31. PUBMED | CROSSREF

Austin PC, Stuart EA. Moving towards best practice when using inverse probability of treatment
weighting (IPTW) using the propensity score to estimate causal treatment effects in observational
studies. Stat Med 2015;34:366179. PUBMED | CROSSREF

Colombo N, Sessa C, du Bois A, Ledermann J, McCluggage WG, McNeish I, et al. ESMO-ESGO consensus
conference recommendations on ovarian cancer: pathology and molecular biology, early and advanced
stages, borderline tumours and recurrent disease. Ann Oncol 2019;30:672-705. PUBMED | CROSSREF

Maggioni A, Benedetti Panici P, Dell’Anna T, Landoni F, Lissoni A, Pellegrino A, et al. Randomised study
of systematic lymphadenectomy in patients with EOCmacroscopically confined to the pelvis. BrJ Cancer
2006;95:699-704. PUBMED | CROSSREF

Heitz F, Harter P, Ataseven B, Heikaus S, Schneider S, Prader S, et al. Stage- and histologic subtype-
dependent frequency of lymph node metastases in patients with EOCundergoing systematic pelvic and
paraaortic lymphadenectomy. Ann Surg Oncol 2018;25:2053-9. PUBMED | CROSSREF

Schmeler KM, Tao X, Frumovitz M, Deavers MT, Sun CC, Sood AK, et al. Prevalence of lymph node
metastasis in primary mucinous carcinoma of the ovary. Obstet Gynecol 2010;116:269-73. PUBMED |
CROSSREF

ChenJ, YinJ, LiY, Gu Y, Wang W, Shan Y, et al. Systematic lymph node dissection may be abolished in
patients with apparent early-stage low-grade mucinous and endometrioid epithelial ovarian cancer. Front
Oncol 2021;11:705720. PUBMED | CROSSREF

Kim HS, Ju W, Jee BC, Kim YB, Park NH, Song YS, et al. Systematic lymphadenectomy for survival in
epithelial ovarian cancer: a meta-analysis. Int ] Gynecol Cancer 2010;20:520-8. PUBMED | CROSSREF

Trimbos JB, Vergote I, Bolis G, Vermorken JB, Mangioni C, Madronal C, et al. Impact of adjuvant
chemotherapy and surgical staging in early-stage ovarian carcinoma: European Organisation for
Research and Treatment of Cancer-Adjuvant ChemoTherapy in Ovarian Neoplasm trial. ] Natl Cancer Inst
2003;95:113-25. PUBMED | CROSSREF

Imterat M, Harter P. Early-stage epithelial ovarian cancer: is systematic lymph node staging mandatory? J
Gynecol Oncol 2021;32:e61. PUBMED | CROSSREF

Deng T, Liu K, Chen L, Chen X, Li HW, Guo H, et al. A prospective randomized multicenter trial for
lymphadenectomy in early-stage ovarian cancer: LOVE study. ] Gynecol Oncol 2023;34:e52. PUBMED |
CROSSREF

Ataseven B, Grimm C, Harter P, Prader S, Traut A, Heitz F, et al. Prognostic value of lymph node ratio in
patients with advanced epithelial ovarian cancer. Gynecol Oncol 2014;135:435-40. PUBMED | CROSSREF

Kleppe M, van der Aa MA, Van Gorp T, Slangen BF, Kruitwagen RF. The impact of lymph node dissection
and adjuvant chemotherapy on survival: a nationwide cohort study of patients with clinical early-stage
ovarian cancer. Eur J Cancer 2016;66:83-90. PUBMED | CROSSREF

Gouy S, Saidani M, Maulard A, Faron M, Bach-Hamba S, Bentivegna E, et al. Staging surgery in early-stage
ovarian mucinous tumors according to expansile and infiltrative types. Gynecol Oncol Rep 2017;22:21-5.
PUBMED | CROSSREF

Ferriss JS, Java JJ, Bookman MA, Fleming GF, Monk BJ, Walker JL, et al. Ascites predicts treatment benefit
of bevacizumab in front-line therapy of advanced epithelial ovarian, fallopian tube and peritoneal cancers:
an NRG Oncology/GOG study. Gynecol Oncol 2015;139:17-22.  PUBMED | CROSSREF

Tewari KS, Burger RA, Enserro D, Norquist BM, Swisher EM, Brady MF, et al. Final overall survival of a
randomized trial of bevacizumab for primary treatment of ovarian cancer. J Clin Oncol 2019;37:2317-28.
PUBMED | CROSSREF

Oza AM, Cook AD, Pfisterer J, Embleton A, Ledermann JA, Pujade-Lauraine E, et al. Standard
chemotherapy with or without bevacizumab for women with newly diagnosed ovarian cancer (ICON7):
overall survival results of a phase 3 randomised trial. Lancet Oncol 2015;16:928-36. PUBMED | CROSSREF

https://ejgo.org https://doi.org/10.3802/jg0.2024.35.€75 15/15


http://www.ncbi.nlm.nih.gov/pubmed/33160693
https://doi.org/10.1016/j.ygyno.2020.10.035
http://www.ncbi.nlm.nih.gov/pubmed/26238958
https://doi.org/10.1002/sim.6607
http://www.ncbi.nlm.nih.gov/pubmed/31046081
https://doi.org/10.1093/annonc/mdz062
http://www.ncbi.nlm.nih.gov/pubmed/16940979
https://doi.org/10.1038/sj.bjc.6603323
http://www.ncbi.nlm.nih.gov/pubmed/29633097
https://doi.org/10.1245/s10434-018-6412-y
http://www.ncbi.nlm.nih.gov/pubmed/20664385
https://doi.org/10.1097/AOG.0b013e3181e7961d
http://www.ncbi.nlm.nih.gov/pubmed/34552868
https://doi.org/10.3389/fonc.2021.705720
http://www.ncbi.nlm.nih.gov/pubmed/20686371
https://doi.org/10.1111/IGC.0b013e3181d6de1d
http://www.ncbi.nlm.nih.gov/pubmed/12529344
https://doi.org/10.1093/jnci/95.2.113
http://www.ncbi.nlm.nih.gov/pubmed/33908713
https://doi.org/10.3802/jgo.2021.32.e61
http://www.ncbi.nlm.nih.gov/pubmed/37116952
https://doi.org/10.3802/jgo.2023.34.e52
http://www.ncbi.nlm.nih.gov/pubmed/25312398
https://doi.org/10.1016/j.ygyno.2014.10.003
http://www.ncbi.nlm.nih.gov/pubmed/27536891
https://doi.org/10.1016/j.ejca.2016.07.015
http://www.ncbi.nlm.nih.gov/pubmed/28971140
https://doi.org/10.1016/j.gore.2017.08.006
http://www.ncbi.nlm.nih.gov/pubmed/26216729
https://doi.org/10.1016/j.ygyno.2015.07.103
http://www.ncbi.nlm.nih.gov/pubmed/31216226
https://doi.org/10.1200/jco.19.01009
http://www.ncbi.nlm.nih.gov/pubmed/26115797
https://doi.org/10.1016/S1470-2045(15)00086-8

	Lymphadenectomy in clinically early epithelial ovarian cancer and survival analysis (LILAC): a Gynecologic Oncology Research Investigators Collaboration (GORILLA-3002) retrospective study
	Synopsis
	INTRODUCTION
	METHODS
	2. Study population
	3. Data collection
	4. Statistical analysis

	RESULTS
	2. Treatments
	3. Survival outcomes

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Table S1
	Table S2
	Fig. S1
	Fig. S2
	Fig. S3
	Fig. S4
	Fig. S5
	Fig. S6
	Fig. S7
	Fig. S8

	REFERENCES


