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ABSTRACT

Objective: This study aimed to validate the surgical and oncologic outcomes of robotic
surgery with sentinel node navigation surgery (SNNS) in endometrial cancer.

Methods: This study included 130 patients with endometrial cancer, who underwent robotic
surgery, including hysterectomy, bilateral salpingo-oophorectomy, and pelvic SNNS at the
Department of Obstetrics and Gynecology of Kagoshima University Hospital. Pelvic sentinel
lymph nodes (SLNs) were identified using the uterine cervix 99m Technetium-labeled phytate
and indocyanine green injections. Surgery-related and survival outcomes were also evaluated.
Results: The median operative and console times and volume of blood loss were 204 (range:
101-555) minutes, 152 (range: 70-453) minutes, and 20 (range: 2-620) mL, respectively. The
bilateral and unilateral pelvic SLN detection rates were 90.0% (117/130) and 5.4% (7/130),
respectively, and the identification rate (the rate at which at least one SLN could be identified
on either side) was 95% (124/130). Lower extremity lymphedema occurred in only 1 patient
(0.8%), and no pelvic lymphocele occurred. Recurrence occurred in 3 patients (2.3%), and
the recurrence site was the abdominal cavity, with dissemination in 2 patients and vaginal
stump in one. The 3-year recurrence-free survival and 3-year overall survival rates were 97.1%
and 98.9%, respectively.

Conclusion: Robotic surgery with SNNS for endometrial cancer showed a high SLN
identification rate, low occurrence rates of lower extremity lymphedema and pelvic
lymphocele, and excellent oncologic outcomes.

Keywords: Endometrial Cancer; Prognosis; Surgery; Sentinel Lymph Node; Lymph Nodes

Synopsis

Robotic surgery with sentinel node navigation surgery (SNNS) showed high identification
rate of sentinel lymph node in endometrial cancer. The occurrence rate of lower extremity
lymphedema and pelvic lymphocele was low. The present study demonstrated excellent
oncologic outcome of robotic surgery with SNNS in patient with endometrial cancer.
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INTRODUCTION

Endometrial cancer is a common gynecological cancer, and surgical treatments include
hysterectomy, bilateral salpingo-oophorectomy, and lymph node (LN) dissection. With
technological advancement in recent years, minimally invasive surgery (MIS), especially
robotic surgery for endometrial cancer, has become mainstream; some reports have shown
that it is more useful than conventional open or laparoscopic surgery [1-4]. In contrast,
comprehensive lymphadenectomy is an essential procedure for endometrial cancer staging
because lymph node metastasis (LNM) is an important poor prognostic factor. However, its
therapeutic significance is still unknown [5-7]. Moreover, comprehensive lymphadenectomy
has been associated with bleeding, nerve damage, bowel obstruction, lower-extremity
lymphedema, and pelvic lymphocele [8]. Consequently, the usefulness of sentinel lymph
node (SLN) mapping in early-stage endometrial cancer has been widely reported in recent
years [9-12] and is recommended in various guidelines [13-15]. In prostate cancer, previous
reports described that SLN mapping improves detection of positive nodes and potentially
lowers recurrence rates with subsequent optimization of patient management, without
compromising patient safety [16]. However, most SLN mapping studies followed SLN
mapping with systematic pelvic lymphadenectomy.

Sentinel node navigation surgery (SNNS), which omits comprehensive LN dissection if
there is no metastasis in the SLN, is useful for improving patient quality of life (QOL) and
diagnosing micro-metastasis; however, it is important to determine if it does not adversely
affect prognosis. Few studies have described the prognosis of SNNS with robotic surgery
in large cohorts of patients with endometrial cancer. This study aimed to validate robotic
surgery with SNNS in endometrial cancer with respect to surgical outcome and prognosis.

MATERIALS AND METHODS

From July 2018 to May 2022, 130 patients with endometrial cancer underwent robotic
surgery using the da Vinci Xi® surgical system (Intuitive Surgical, Sunnyvale, CA, USA),
including hysterectomy, bilateral salpingo-oophorectomy, and pelvic SNNS, at the
Department of Obstetrics and Gynecology of Kagoshima University Hospital. The inclusion
criteria were endometrial cancer with endometrioid adenocarcinoma grade 1/2 confirmed
by histological biopsy, age >18 years, and patients with suspected preoperative International
Federation of Gynecology and Obstetrics (FIGO) stage IA. Patients with suspected pelvic
LNM on preoperative computed tomography (CT) or those who received neoadjuvant
chemotherapy were excluded. This study was approved by the Institutional Ethics
Committee of Kagoshima University Hospital (approval No. 20-K04), and informed consent
was obtained from all the patients.

To detect the pelvic SLN, 99m Technetium-labeled phytate (148 MBq [4.0 mCi] per patient)
was injected into 4 quadrants (0, 3, 6, and 9 o’clock positions) of the cervix on the day before
surgery. Lymphoscintigraphy and single-photon emission CT with CT were performed

to determine SLN localization. Indocyanine green (ICG) was injected into the cervix
immediately before surgery, and the SLN was identified intraoperatively using a hybrid
method (radioisotope and ICG). Intraoperatively, pelvic SLNs were first identified as bright
LNs by near-infrared fluorescence imaging (SPIES; Karl Storz Endoscopy, Tokyo, Japan) using
ICG. Thereafter, pelvic SLNs were identified using a gamma probe (Neo2000; Neoprobe
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Corporation, Dublin, OH, USA) as radioactive LNs. These 2 identification methods identified
the same SLNs in most cases, but the number and sites of SLNs did not always match.

All removed SLNs were incised at 2-mm intervals and subjected to rapid intraoperative
pathological diagnosis. SLN ultrastaging was not performed in this study. Pelvic LN
dissection (PLD) was omitted if no LNM was found in bilateral SLNs. If LNM was found in
both SLNs, a bilateral PLD was performed; if the SLN could not be identified, an ipsilateral
PLD was performed.

Postoperative chemotherapy was administered in cases with intermediate- and high-risk of
recurrence, such as those with deep myometrial invasion, lymphovascular space invasion,
histologic types other than G1/2 endometrial carcinoma, and positive LNs at the final
histopathological examination. Patient information such as information on lymphedema
and prognosis were collected by gynecologic oncologists during every follow-up visit to an
outpatient clinic (the median follow-up period was 18 months [range: 2—47]).

We evaluated the clinicopathological results of robotic surgery with SNNS for endometrial
cancer and analyzed the prognostic value of these results. The JMP software (version 14;
SAS Institute Inc., Cary, NC, USA) was used for statistical analysis. A p-value of <0.05 was
considered statistically significant.

RESULTS

Table 1 shows the clinicopathological characteristics of the 130 patients with EC. Median

age and body mass index were 58 (range: 28—81) years and 27.4 (range: 16.7-53.1) kg/m?,
respectively. The final pathology was endometrioid carcinoma in 128 (98.5%) patients, serous
carcinoma in 1 (0.8%) patient, and clear cell carcinoma in 1 (0.8%) patient. The number of
patients according to the FIGO staging (2009) was stage IA, 117 (90.0%) patients; IB, 4 (3.1%)
patients; II, 1 (0.8%) patient; IIIA, 1 (0.8%) patient, and IIIC1, and 7 (5.4%) patients. Sixteen
patients (12%) had lymphovascular space involvement, while the remaining 114 (87.7%) did not.

Table 1. Clinicopathological characteristics

Characteristics Patients (n=130)
Age (yr) 58 (28-81)
BMI (kg/m2) 97.4 (16.7-53.1)
Final pathology
Endometrioid 128 (98.5)
Grade 1 116
Grade 2 10
Grade 3 2
Serous 1(0.8)
Clear cell 1(0.8)
FIGO staging (2009)
1A 117 (90.0)
B 4(3.1)
I 1(0.8)
1A 1(0.8)
nci 7 (5.4)
LVSI
No 114 (87.7)
Yes 16 (12.3)

Values are presented as median (range) or number (%).
BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; LVSI,
lymph-vascular space involvement.
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Table 2. Surgery-related outcomes

Characteristics

Patients (n=130)

Operation time (min)
Console time (min)
Blood loss (mL)
Conversion to laparotomy
Intra-operation complications
Bladder injury
Post-operation complications
Ileus
Ureteral stenosis
Pelvic space infection
Length of hospital stay (day)
Adjuvant therapy
None
Chemotherapy
Radiotherapy
Recurrence
No
Yes

204 (101-555)
152 (70-453)
20 (2-620)
0(0.0)

1(0.8)

1(0.8)
1(0.8)
1(0.8)
6 (4-14)

110 (84.6)
17 (13.1)
3(2.3)

127 (97.7)
3(2.3)

Values are presented as median (range) or number (%).

Table 2 shows the surgery-related outcomes of the 130 patients with endometrial cancer.

The median operation and console times were 204 (range: 101-555) and 152 (range: 70-453)
minutes, respectively. The median volume of blood loss was 20 mL (range: 2-620), and
conversion to laparotomy was not permitted. Regarding complications, only 1 patient (0.8%)
had bladder injury during surgery, and 1 patient (0.8%) each had bowel obstruction, ureteral

obstruction, and pelvic space infection postoperatively. Regarding adjuvant therapy, 17

patients (13.1%) received chemotherapy and 3 (2.3%) received radiotherapy.

Table 3 shows the SNNS-related outcomes in the 130 patients. The bilateral and unilateral pelvic
SLN detection rates were 90.0% (117/130) and 5.4% (7/130), respectively, and the identification
rate (the rate at which at least one SLN could be identified on either side) was 95.4% (124/130).
Only 6 (4.6%) patients had no SLNs. SLNs were detected in the obturator (52.7%), external

iliac (38.6%), internal iliac (4.9%), common iliac (3.4%), and parametrial (0.4%) arteries. The
median number of SLNs removed was 2; metastatic SLNs were found in 7 (5.4%) patients. Lower
extremity lymphedema occurred in only 1 patient (0.8%), and no pelvic lymphocele occurred.

Table 3. SLN-related outcomes

Characteristics

Patients (n=130)

SLN mapping
Bilateral
Unilateral
None

SLN locations (n=264)
Obturator
External iliac
Internal iliac
Common iliac
Parametrial

No. of SLN removed

SLN metastasis

Lower extremity lymphedema

Pelvic lymphocele

117 (90.0)
7 (5.4)
6 (4.6)

139 (52.7)
102 (38.6)
13 (4.9)
9(3.4)
1(0.4)

2 (0-6)
7 (5.4)
1(0.8)
0(0.0)

Values are presented as median (range) or number (%).

SLN, sentinel-lymph node.
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Fig. 1. (A) Three-year RFS rate. (B) Three-year OS rate.
0S, overall survival; RFS, recurrence-free survival.
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Recurrence occurred in 3 (2.3%) patients, and the recurrence site was the abdominal

cavity, with dissemination, in 2 patients, and vaginal stump in one. One patient had deep
myometrial and cervical stromal invasion and received postoperative chemotherapy, while
the other 2 were in the low-risk group for recurrence and did not receive chemotherapy. The
3-year recurrence-free survival (RFS) and 3-year overall survival (OS) rates were 97.1% and
98.9%, respectively (Fig. 1).

DISCUSSION

This study investigated the surgical and oncological outcomes of robotic surgery with SNNS
in patients with endometrial cancer. Many studies have reported that SLN mapping for
endometrial cancer is very useful in the diagnosis of micro-metastasis of SLN, as well as for
avoiding lower extremity lymphedema and lymphocele [12,1719]. The results showed that
SLN mapping with robotic surgery for endometrial cancer had a high identification rate and
that prognosis was also feasible.

Robotic surgery, an MIS, is rapidly gaining popularity for endometrial cancer treatment.

A previous study showed that robotic surgery is associated with reduced blood loss and

less conversion to open surgery than conventional laparoscopic surgery [3]. In addition, a
randomized controlled trial of robotic versus conventional laparoscopic surgery concluded
that robotic surgery offers an effective and safe alternative for the surgical treatment of
endometrial cancer [1]. In our study, the median blood loss was also very low (20 mL), and no
conversion to laparotomy was required., supporting the findings of previous studies.

SNNS, which can omit systematic lymphadenectomy if there are no SLN metastases, is a good
match for MIS, and the combination can greatly improve patient QOL. The SENTI-ENDO
trial, a multicenter prospective study, reported an 89% SLN identification rate in the pelvic
region (at least one SLN could be identified), a 69% bilateral SLN identification rate, 84%
sensitivity, a 97% negative predictive value, and recommended SLN biopsy for endometrial
cancer in low- and intermediate-risk recurrence groups [9]. In the FIRES trial, a multicenter
prospective cohort, the SLN identification rate (at least one SLN could be identified) was
86%, the bilateral SLN identification rate was 52%, the sensitivity and negative predictive

https://doi.org/10.3802/jg0.2023.34.€68 5/8
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values were 97.2% and 99.6%, respectively, and it concluded that pelvic SLN biopsy

with ICG administration into the cervix is a useful alternative to lymphadenectomy as a
staging method [17]. Our previous study also reported a good SLN identification rate of
96%, sensitivity of 91%, and negative predictive value of 99%, making it a useful and safe
alternative to PLD, especially for low-risk recurrent endometrial cancers [11]. In the present
study, the bilateral and unilateral pelvic SLN detection rates were 90% (117/130) and 5%
(7/130), respectively, and the identification rate (the rate at which at least one SLN could be
identified on either side) was 95% (124/130). In this study, if LNM was found within a SLN on
either side, a bilateral PLD was performed. Although the significance of PLD in endometrial
cancer is controversial, several reports have shown the prognostic benefit of PLD [20-22]. We
believe that bilateral PLD can improve the prognosis in such cases, since there is a possibility
of metastasis to other LNs than the SLN in patients with positive SLN metastasis.

Combining robotic surgery (MIS) with SNNS can considerably improve patient QOL;
however, there are limited data on the safety of omitting lymphadenectomy in SLN
metastasis-negative cases.

Recurrence occurred in 3 (2%) patients, and the 3-year RFS and 3-year OS rates were 97.1%
and 98.9%, respectively. In our previous study, we reported no significant between-group
difference in 5-year RFS (laparoscopic surgery with lymphadenectomy group, 96.3%; open
surgery with lymphadenectomy group, 92.6%) in 155 patients with low-risk endometrial
cancer [23]. Buda et al. [24] compared the oncologic outcomes between SLN mapping and
lymphadenectomy in patients with preoperative stage I endometrial cancer. They found
that the 3-year disease-free survival was 90.4% and 89.6% (p=0.433) in the SLN mapping
and lymphadenectomy groups, respectively. Although these studies were performed
laparoscopically and laparotomically, we suggest that SLN mapping is equivalent to oncologic
outcomes comparable to lymphadenectomy. Some reports have examined the oncological
outcomes of SLN mapping and lymphadenectomy with robotic surgery. Jebens Nordskar
et al. [25] investigated the long-term outcomes of 108 endometrial cancer patients who
underwent robot-assisted surgery and SLN mapping. LNM was found in 17 (16%) patients,
and the 5-year RFS and OS rates were 95.4% and 92.6%, respectively. Our 3-year RFS and
3-year OS rates can be considered favorable.

In our previous study [26], the incidence of lower extremity lymphedema and pelvic
lymphocele in patients with endometrial cancer who underwent pelvic lymphadenectomy
was 14.9% and 11.4%, respectively. However, a previous study [27] showed that the
occurrence rate of lower extremity lymphedema in patients with endometrial cancer who
underwent SNNS was 2.3%. In this study, lower extremity lymphedema occurred in only one
(1%) patient, and no pelvic lymphocele occurred. Lower extremity lymphedema and pelvic
lymphocele rarely occur with SNNS, suggesting that SNNS contributes to improved QOL.

This study has several limitations. First, this was a retrospective study and inherently carries
the risk of selection bias. Second, although, to our knowledge, this is the largest case series of
robotic surgery with SNNS in patients with endometrial cancer, the number of cases remains
relatively low. Future studies with larger study populations are required to confirm our findings.

In conclusion, our data demonstrated that robotic surgery with SNNS for endometrial cancer

showed a high SLN identification rate and a low occurrence rate of lower extremity lymphedema
and pelvic lymphocele. The 3-year RFS and 3-year OS rates were 97.1% and 98.9%, respectively,

https://doi.org/10.3802/jg0.2023.34.€68 6/8
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and the oncologic outcomes were favorable. Prospective studies are needed to validate the safety
and oncological outcomes of robotic surgery with SNNS for endometrial cancer.
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