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Abstract

Background: This study aimed to compare the oncologic and surgical outcomes of patients treated with robot-assisted modified radical
hysterectomy (RAMRH) and total laparoscopic modified radical hysterectomy (TLMRH) for endometrial cancer (EC) with those of
patients treated with abdominal modified radical hysterectomy (AMRH).Methods: We performed a retrospective analysis of 133 patients
with early-stage EC who underwent different surgical approaches (RAMRH, n = 14; TLMRH, n = 94; AMRH, n = 25) between 2018
and 2021 at Shimane University Hospital. The data on clinical outcomes, including estimated blood loss, duration of surgery, duration of
hospital stay, and number of dissected lymph nodes were collected from the patients’ electronic medical records. Kaplan–Meier curves
were used to plot survival data, and log-rank tests were used to determine the statistical significance of differences in survival rates.
Results: RAMRH showed the lowest bleeding volume (RAMRH: 95 ± 123.21 mL; TLMRH: 140.74 ± 172.60 mL; AMRH: 482.6 ±
429 mL) and shortest hospital stay (RAMRH: 6.43± 1.09 days; TLMRH: 7.30± 3.39 days; AMRH: 9.88± 2.65 days) among the three
groups. The number of dissected lymph nodes tended to be higher in the RAMRH group than that in the TLMRH or AMRH group.
The different surgical approaches did not correlate with progression-free survival and overall survival. Conclusions: Both RAMRH and
TLMRH are safe, feasible, innovative, and minimally invasive surgical alternatives to AMRH for patients with EC.
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1. Introduction
1.1 Background

Endometrial cancer (EC) is the fifth most common gy-
necological cancer in developed countries with an estimated
global incidence of 417,367 [1,2]. The number of patients
with EC in Japan has increased, according to a report from
the Japan Society of Obstetrics and Gynecology [2]. Most
patients with EC are diagnosed at an early-stage; therefore,
their prognosis is generally favorable. ADanish nationwide
survey of EC patients with stage-I tumors reported 5-year
and 10-year disease-specific survival rates of 99% and 98%,
respectively [3]. However, recurrent EC is generally incur-
able.

The standard treatment for EC involves total abdom-
inal hysterectomy and bilateral salpingo-oophorectomy
(TAH +BSO) with or without lymphadenectomy [4]. Tech-
nological advances continue to revolutionize the surgical
treatment of gynecological conditions. The utilization of
minimally invasive surgery (MIS) for EC have increased
from 9.3% in 2006 to 61.7% in 2011 worldwide [5]. Total
laparoscopic hysterectomy (TLH) was first reported as an
MIS for EC in the 1990s [6]. Multiple randomized trials and

meta-analyses have shown that the laparoscopic approach
has advantages over traditional open hysterectomy, includ-
ing fewer complications, shorter hospital stays, accelerated
recovery, improved quality of life, similar survival rates,
and lower cost [7–13]. However, the laparoscopic approach
can be challenging in the highest strata of obese patients
due to limited exposure and cardiopulmonary compromise
while in Trendelenburg position [14,15].

Robot-assisted surgery (RAS) is an alternative to in-
crease access to MIS. The use of robotic surgery has in-
creased substantially since its approval by the Federal Drug
Administration in 2005 [16]. Despite concerns regarding
increased costs, RAS has the potential to overcome the chal-
lenges associated with laparoscopy. In morbidly obese pa-
tients, who present a significant challenge to laparoscopic
and open surgeries, RAS has the potential to decrease post-
operative complications [17]. In addition, it may be ben-
eficial in elderly patients with EC who may not be able to
tolerate the steep Trendelenburg position because of their
comorbidities. These demands are lower in RAS [18–20].
This is encouraging as, till date, no clear difference in sur-
vival has been observed on comparison of RAS and TLH in
EC patients [21].
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Table 1. Patient characteristics.
AMRH TLMRH RAMRH p (AMRH/

TLMRH)
p (AMRH/
RAMRH)

p (TLMRH/
RAMRH)n = 25 n = 94 n = 14

Age, years 58.50 ± 13.63 61.48 ± 12.70 60.86 ± 10.36 0.611 0.660 0.916
BMI, kg/m2 27.52 ± 7.20 25.25 ± 6.68 25.08 ± 6.84 0.141 0.308 0.928
FIGO stage, n (%)

IA 21 (84.0) 81 (86.2) 12 (85.7)
IB 4 (16.0) 13 (13.8) 2 (14.3)

Histology, n (%)
Endometrioid carcinoma 18 (72.0) 78 (83.0) 12 (85.7)
Mucinous carcinoma 2 (8.0) 0 (0.0) 1 (7.1)
Serous carcinoma 3(12.0) 11 (11.7) 0 (0.0)
Clear cell carcinoma 1 (4.0) 2 (2.1) 0 (0.0)
Carcinosarcoma 1 (4.0) 1 (1.1) 1 (7.1)
Dedifferentiated carcinoma 0 (0.0) 2 (2.1) 0 (0.0)

Metastasis, n (%)
Pelvic lymphnode, n (%) 1 (4.0) 1 (1.1) 0 (0.0)
Lymphovascular space invasion, n (%) 6 (24.0) 34 (36.2) 1 (7.1)

RAMRH, robot-assisted modified radical hysterectomy; TLMRH, total laparoscopic modified radical hysterectomy; AMRH, abdominal
modified radical hysterectomy; BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics.

1.2 Rationale and Knowledge Gap
The advantages of RAS over TLH are attributed to

the engineering of the robotic system that allows for higher
wrist mobility, thus allowing the surgeon to execute more
complex tasks, such as delicate tissue dissection and intra-
corporeal knot tying [22,23]. Previous studies have found
that MIS and open hysterectomy do not differ in terms of
intraoperative and postoperative complications [24]. Treat-
ment of EC using a MIS approach provides benefits to the
patient; however, there are currently few studies comparing
RAS with TLH or TAH in Japan.

1.3 Objective
The aim of our study was to investigate the surgi-

cal outcomes of robot-assisted modified radical hysterec-
tomy (RAMRH) in terms of duration of surgery, bleeding
volume, intraoperative complications, number of removed
lymph nodes, and postoperative hospital stay, and to com-
pare them retrospectively with those of total laparoscopic
modified radical hysterectomy (TLMRH) and abdominal
modified radical hysterectomy (AMRH) in patients with
EC. The usefulness of robotic surgery was also examined.

2. Materials and Methods
2.1 Study Design and Data Collection

This study included 133 patients diagnosed with Inter-
national Federation of Gynecology and Obstetrics stage-I
EC at the Obstetrics and Gynecology Department of Shi-
mane University Hospital. This study was approved by the
Institutional Ethics and Research ReviewBoard of Shimane
University (IRB No. 20191120-1). This study was a retro-
spective review and the patients could opt out at any time
from the study using the opt-out option on the hospital’s
website.

All enrolled women underwent preoperative radio-
logical assessment (pelvic magnetic resonance imaging or
abdominopelvic computed tomography) and endometrial
biopsy. Between January 2014 and August 2021, a total
of 133 patients who underwent surgery for EC were in-
cluded in this study, including 94 who underwent TLMRH,
14 RAMRH, and 25 AMRH. The clinicopathological char-
acteristics of each surgical group are summarized in Ta-
ble 1. In this experiment, all patients were enrolled, and
there were no exclusion criteria. Ninety-nine patients
(60%–78.7% in each surgical group) underwent pelvic lym-
phadenectomy (Table 2). In both RAMRH and TLMRH
groups, a uterine manipulator for hysterectomy was used in
almost 80% of the patients.

All procedures were performed by two experienced
gynecological oncologists who were appropriately trained
and mentored in robotic surgery and were supported by a
trained robotic surgery team. Data on age, body mass index
(BMI), advanced stage, myometrium infiltration, lymph
node metastasis, lymphovascular space invasion, surgery
type and timing, blood loss, hospital status, and postoper-
ative complications were collected and compared between
TLMRH (94 cases) and AMRH (25 cases) performed by the
same team. The data were collected retrospectively from
the electronic databases of our hospital. Operative time was
defined as the time from incision to skin closure. Opera-
tive time in RAS was defined as the console time. Hospital
stay was calculated in hours from admission to discharge
and subsequently converted to days. Intraoperative com-
plications were defined as bowel, bladder, ureter, nerve, or
vascular injuries.
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Table 2. Surgical outcomes and operation findings.
AMRH TLMRH RAMRH p (AMRH/

TLMRH)
p (AMRH/
RAMRH)

p (TLMRH/
RAMRH)n = 25 n = 94 n = 14

Operative time, min 250.64 ± 75.53 245.81 ± 75.61 264.00 ± 86.52 0.777 0.618 0.412
Estimated blood loss, mL 482.60 ± 429.993 140.74 ± 172.60 95.0 ± 123.21 0.001 0.002 0.342
Hospitalization, days 9.88 ± 2.65 7.32 ± 3.39 6.43 ± 1.09 <0.0001 <0.0001 0.333
Blood transfusion, n (%) 2 (8.0) 0 1 (7.1)
Lymph nodes disection, n (%) 15 (60.0) 74 (78.7) 10 (71.4)
Lymph nodes counted, n 29.80 ± 9.79 37.38 ± 17.97 34.10 ± 10.33 0.027 0.303 0.575
Conversion to laparotomy, n (%) 0 0
Follow-up visit result

No relapse 24 (96.0) 92 (97.9) 14
Relapse 1 (4.0) 2 (2.1) 0
Death 0 2 (2.1) 0
Complications injury 1 (4.0) 3 (3.2) 0

RAMRH, robot-assisted modified radical hysterectomy; TLMRH, total laparoscopic modified radical hysterectomy; AMRH, abdominal
modified radical hysterectomy.

Fig. 1. Duration of surgery in patients with endometrial cancer operated by RAMRH, TLMRH, and AMRH.

2.2 Statistical Analyses

The data were compared among the three groups us-
ing student’s t-test andMann-Whitney U test for parametric
and non-parametric variables, respectively. Differences be-
tween proportions were compared using Fisher’s exact test
or χ2 test. p-values < 0.05 were considered as statistically
significant. Progression-free survival (PFS) was calculated
as the duration between the completion of the initial treat-

ment and the diagnosis of disease recurrence, whereas over-
all survival (OS) was calculated as the duration between the
diagnosis of disease and death. Kaplan-Meier curves were
used to plot survival data, and log-rank tests were used to
determine the statistical significance of the differences in
survival rates. Data were censored when the patients were
lost to follow-up. All statistical analyses were performed
using the Statistical Package for Social Sciences software
(version 23.0, SPSS Inc., Chicago, IL, USA).
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Fig. 2. Bleeding volume in patients with endometrial cancer operated by RAMRH, TLMRH, and AMRH. * p < 0.05.

3. Results

A comparison of three consecutive case series is pre-
sented in Table 1. The mean age and BMI of the AMRH,
TLMRH, and RAMRH groups were 58.5, 61.4, and 60.8
years and 27.5, 25.2, and 25.0 kg/m2, respectively. The
differences were not statistically significant in terms of
age. The results of postoperative pathology showed that
a number of cases with a preoperative diagnosis of stage
IA eventually progressed to stage IB, with more than 50%
myometrial invasion (AMRH: 16%, TLMRH: 13.8%, and
RAMRH: 14.3%).

The surgical outcomes of RAMRH, TLMRH, and
AMRH are summarized in Table 2. Although no signifi-
cant difference was observed in the duration of surgery be-
tween the three groups (RAMRH: 264 ± 86.52 minutes,
TLMRH: 245.81 ± 75.61 minutes, and AMRH: 250.64 ±
75.53 minutes), the duration of surgery for RAMRH tended
to be higher than those of the other two groups (Fig. 1).
Mean estimated blood loss (RAMRH: 95 ± 123.21 mL,
TLMRH: 140.74 ± 172.60 mL, and AMRH: 482.6 ± 429
mL) and duration of hospital stay (RAMRH: 6.43 ± 1.09
days, TLMRH: 7.30 ± 3.39 days, and AMRH: 9.88 ±
2.65 days) of patients in the RAMRH group were signif-
icantly lower than those in the AMRH group, but did not
differ significantly between RAMRH and TLMRH groups.
The mean estimated blood loss of the different groups

was significantly decreased byMIS (p [TLMRH/AMRH] =
0.001 and p [RAMRH/AMRH] = 0.002), as was the mean
duration of hospitalization (RAMRH: 6.43 ± 1.09 days,
TLMRH: 7.30± 3.39 days, and AMRH: 9.88± 2.65 days;
p [TLMRH/AMRH] < 0.0001 and p [RAMRH/AMRH] <
0.0001). There were no significant differences in these pa-
rameters (bleeding volume and duration of hospital stay)
between the RAMRH and TLMRH groups (Table 2, Fig. 2
and Fig. 3). The number of removed lymph nodes was
higher in RAMRH and TLMRH compared with that in
AMRH (Fig. 4).

We examined the prognostic outcomes of each sur-
gical procedure. There was no significant difference be-
tween the different surgical procedures in terms of PFS
(AMRH vs. TLMRH, p = 0.609; AMRH vs. RAMRH, p =
0.454; TLMRH vs. RAMRH, p = 0.598) or OS (AMRH vs.
TLMRH, p = 0.451; AMRH vs. RAMRH, p = not signifi-
cant (NS); TLMRH vs. RAMRH, p = 0.585) (Fig. 5).

4. Discussion
EC is diagnosed in its early stages in most of the pa-

tients, and the demand for minimally invasive approaches
has recently been increasing worldwide due to its benefits
to the patients. Many studies have shown that MIS has a fa-
vorable prognosis for early-stage EC [25]; however, some
of them have faced challenges and been restricted by some
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Fig. 3. Postoperative duration of hospital stays in patients with endometrial cancer operated by RAMRH, TLMRH, and AMRH.
** p < 0.001.

limitations [26]. In Japan, RAS was developed to over-
come the limitations of TLH and has been used in gyne-
cological surgery for malignancies since 2009 as clinical
trial. Furthermore, RAS for uterine corpus carcinomas has
been covered by insurance since April 2018. Additionally,
a few randomized controlled trials have assessed the clin-
ical outcomes of robotic surgery for gynecological malig-
nancies [27]. Our study assessed the surgical outcomes and
comprehensive results of RAMRH, evaluated its usefulness
and safety in patients diagnosed with early-stage EC, and
compared it with TLMRH andAMRH retrospectively. This
study provides a basis for the selection of an optimal surgi-
cal method, together with the actual role of RAS as an MIS
in early-stage EC.

In the current study, both RAMRH and TLMRH
showed patient outcomes similar to those of AMRH, with-
out an increase in intraoperative complications. In detail,
both MIS groups (RAMRH and TLMRH) were associ-
ated with the least estimated blood loss and shorter hos-
pital stays than those of the AMRH group. In the MIS
group, estimated blood loss and duration of hospital stay did

not differ significantly between the RAMRH and TLMRH
groups. Our results for estimated blood loss of the RAMRH
group were within the range reported in previous studies
(43.6–166.0 mL) [24,28], although our hospital stays were
longer compared to those stated in previous studies (1–2.5
days) [25,26,29]. Previous reports have shown that MIS
(RAMRH, TMRAH) have less blood loss and shorter hos-
pital stay duration compared with treatment comprising an
AMRH [30]. Our findings were similar to this cited study.
MIS (RAMRH, TMRAH) involve making smaller incision
compared to the large incision required in AMRH. This re-
sults in less tissue trauma and reduced blood vessel disrup-
tion, leading to decreased blood loss. Furthermore, MIS
(RAMRH, TMRAH) provide surgeons with high-definition
imaging systems that offer magnified and clear views of the
surgical site. This enhanced visualization allows for precise
and meticulous surgery, reducing the risk of unintentional
damage to blood vessels and surrounding tissues. This
helpsminimize blood loss during the procedure. Smaller in-
cisions and reduced tissue trauma contribute to faster heal-
ing and recovery. Patients undergoing minimally invasive
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Fig. 4. Number of removed lymph nodes in patients with endometrial cancer operated by RAMRH, TLMRH, and AMRH. * p
< 0.05.

Fig. 5. Prognostic outcome of patients with endometrial cancer operated by RAMRH, TLMRH, and AMRH.

surgery typically experience less postoperative pain and can
resume normal activities sooner than those undergoing open
surgery. The combination of smaller incisions, reduced
blood loss, and faster recovery allows patients to leave the
hospital sooner [31,32].

The mean duration of surgery did not differ signifi-
cantly among the three groups. These findings are simi-
lar to those of recently published meta-analysis [33] and
systematic review [34]. No statistically significant differ-
ences were found in the number of dissected lymph nodes
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for any surgical procedure. Besides, the mean number of
dissected lymph nodes was 34 ± 10.33, which is in the
range reported in previous studies (15.5–43.6 nodes) [35–
38]. Intraoperative complications were not observed in all
procedures. As the RAS technique offers greater versatil-
ity due to the three-dimensional view and freedom of for-
cepsmanipulation, lymph node dissection can be performed
closely. Surgeons using this technique might take the op-
portunity to meticulously address lymph nodes until they
are satisfied with the thoroughness of the procedure. While
this may result in a longer operative time, it can be con-
sidered a trade-off for the potential benefits of improved
surgical precision and completeness in lymph node dissec-
tion, potentially leading to better patient outcomes. Our re-
sults of higher duration of surgery in RAMRH compared to
that in AMRH and TLMRH could be due to lymph node
dissection being performed until the surgeon’s pursuit was
complete.

The knowledge on quality of life during the postoper-
ative recovery period is important for healthcare providers
to provide adequate preventive measures, information, and
follow-ups. Previous studies compared the quality of life
of patients with different surgical techniques and found that
the type of surgery affected the quality of life by multivari-
ate linear regression analysis; for example, patients who
underwent robotic surgery had better physical and mental
quality of life due to lower pain levels and early ambula-
tion after surgery than patients who underwent laparoscopic
surgery or laparotomy for both benign and malignant dis-
eases [16]. Sarlos et al. [39] also reported a better quality
of life in patients who underwent robotic surgery for benign
gynecologic disorders than that in those who underwent la-
paroscopic surgery. In this study, we examined the relation-
ship between different surgical approaches and prognosis.
Although the number of cases was small, the different surgi-
cal approaches did not correlate with PFS and OS. As PFS
and OS do not depend on surgical approaches, the above
discussion, including our prognostic results, may suggest
that RAS procedures could be the recommended treatment
for patients with EC.

Robot-assisted surgery is designed to be safe with
fewer complications. Robotic systems provide surgeons
with enhanced precision and accuracy [40]. The robotic
arms can make smaller and more controlled movements
than the human hand. This can be particularly advanta-
geous in delicate procedures or when working in confined
spaces [22,23]. The robot helps surgeons see better and
makes their movements steady, reducing the chances of
mistakes. The advanced technology also lets surgeons work
with smaller cuts, causing less harm to the body. This kind
of surgery is usually quicker to recover from, increased
patient quality of life and decreased surgical complication
[41]. Moreover, the learning curve for RAS is shorter than
that of other approaches, and the surgeon is likely to per-
ceive less fatigue because of the ergonomic design of the

surgical system. Owing to its accuracy and reduced fatigue,
RASmay continue to expand the field of gynecological ma-
lignancies, including uterine cancer.

Robotic surgery has been used in the past with good
results, especially in obese patients, but the high cost is a
problem. Recently, v-notes (vaginal natural orifice trans-
luminal endoscopic surgery), which is more accessible in
obese patients, has begun to be reported. The present
study compared the results of abdominal robotic-assisted
total hysterectomy with those of other surgical methods.
It is recommended that v-notes surgery also be compared
with other surgical methods for its usefulness, especially in
obese patients [42].

The present study has several limitations. First, it
was conducted at a single institution; therefore, the number
of cases was small. Second, the estimated blood loss and
duration of hospitalization have been shown to be signifi-
cantly better inMIS than those in open surgery, although the
outcome measurement of patients after robotic surgery has
been explored in only a limited number of studies. There-
fore, concrete conclusions could not be drawn. Hence, fur-
ther investigation with larger study populations is required.

Our findings suggest that RAMRH could serve as a
viable treatment alternative to both TLMRH and AMRH
for individuals diagnosed with EC. Notably, the surgical
outcomes of RAMRH, including factors such as bleeding
volume, duration of hospital stay, and the extent of lymph
node dissection, demonstrate favorable results. The current
study also indicated that MIS including RAMRH may be
safe, feasible, innovative, and an alternative to AMRH for
patients with EC, although the evaluation of MIS is contro-
versial for previous studies [43].

5. Conclusions
Our results indicate that RAMRH could be an alter-

native treatment option to TLMRH and AMRH for patients
with EC. In this context, the surgical outcomes of RAMRH,
in terms of bleeding volume, duration of hospital stay, and
lymph node dissection, were favorable. Furthermore, there
was no significant difference in prognosis between the three
surgical procedures. In the future, it might be necessary to
determine the group of patients with most benefits of MIS.
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