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Introduction

Ovarian cancer is a common type of gynecological cancer, 
and has a high rate of mortality and recurrence (1). Because 
ovarian cancer does not have typical symptoms and is 
located deep within the pelvic cavity, its early diagnosis is 
particularly difficult; as a result, most cases of ovarian cancer 
are diagnosed in the advanced stages, which leads to a low 
5-year survival rate and an overall poor prognosis (2). 

The International Federation of Gynecology and 
Obstetrics states that the following factors are closely 
related to the prognosis of ovarian cancers: histological 
grade, stage of cancer at diagnosis, and the residual volume 
of cancer after surgery (3). For patients with stage I cancer, 
the 5-year survival rate approaches 90% (4,5). In most 
patients with stage III ovarian cancer, the 5-year survival 
rate is 46% (6-8). 

Thus, accurate cancer staging is important for prognosis 

prediction, and staging information has a critical role in 
adjuvant therapy as well.

Traditionally, ovarian cancer is primarily managed 
by comprehensive surgical staging through laparotomy 
such  a s  b i l a t e ra l  s a lp ingo-oophorec tomy,  to t a l 
abdominal hysterectomy, omentectomy, aortic and pelvic 
lymphadenectomy, peritoneal biopsies, and peritoneal 
washing.

Owing to the technological advancements in instrumentation 
and an increase in laparoscopic surgical expertise in recent 
years, minimally invasive surgical have been increasingly 
used in the management of endometrial cancer and cervical 
cancer.

Laparoscopic surgery in early-stage ovarian cancer was 
first described in the mid-1990s (9). 

Since that time, several retrospective and case studies 
have assessed the safety, feasibility, and the potential benefits 
of laparoscopic surgical staging for ovarian cancers (10-14). 
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Laparoscopy provides multiple advantages with better 
clinical outcomes in terms of less postoperative pain, 
less blood loss, shorter hospital day, and faster onset 
chemotherapy than laparotomy (15). 

Conversely, laparoscopy has disadvantages such as the 
inability for lymph node palpation, rupture of the ovarian 
capsule, and the risk of trocar site metastasis (16). 

Robot-assisted surgery also has advantages such as 
shorter hospital day and less blood loss, but entails higher 
medical cost. Moreover, robot-assisted surgery has yet to 
demonstrate a significant clinical benefit over other surgical 
modalities through randomized controlled trials.

Therefore, it is unclear whether minimally invasive 
surgery is safe and feasible with early ovarian cancer.

In this review, we compare the surgical and oncological 
outcomes between laparoscopy, robotic surgery, and 
laparotomy for the treatment of early ovarian cancer.

Laparoscopic staging procedures

In the conventional 4 port system, patients are positioned 
in the Trendelenburg position and a transvaginal uterine 
manipulator is used. After inserting the first trocar into 
the umbilical area, CO2 gas (10–12 mmHg) is used to 
create pneumoperitoneum. Three ancillary trocars—a 
5-mm trocar (suprapubic area), a 10-mm trocar (left lower 
quadrant), and a 5-mm trocar (right lower quadrant) are 
inserted under direct vision.

The procedures are led by an assessment of the peritoneal 
surface and the abdominal and pelvic organs, followed 
by pelvic washing for cytologic examination. By utilizing 
an endobag through the 10-mm port in the left lower 
quadrant, ovarian tumors with intact capsules are removed. 
After confirming the malignancy using frozen sections, 
staging surgery including bilateral pelvic and para-aortic 
lymph node dissection, total laparoscopic hysterectomy with 
bilateral salpingo-oophorectomy, infracolic omentectomy, 
and appendectomy are performed. All suspicious areas were 
biopsied. After hemostasis, the drainage bag was connected 
through the lateral port.

Recently, with the improvement of instrumentation, a 
single port or two-port system could be used for staging 
without compromising surgical qualities. 

Robotic staging procedures

Three camera ports are used in laparoscopic surgery: one is 
set at the umbilicus, another at 8–10 cm caudal to the scope 

on the midline, and the other at 8–10 cm laterocaudal to the 
scope on the left side. The fourth port for the assistant is set 
at 8–10 cm laterocaudal to the scope on the right side of the 
patient. The procedures are similar as those for laparoscopic 
staging.

Laparotomic staging procedures

Laparotomic staging procedures are similar as those for 
laparoscopic staging, except for a midline abdominal 
incision from the superior umbilicus to the symphysis pubis.

Feasibility and efficacy of laparoscopic surgery 

Laparoscopic surgery for ovarian cancer is beneficial due to 
its minimally invasive nature that allows for reduced blood 
loss, small wound site, less postoperative pain, and short 
hospital stay (17-19).

Seven studies have addressed the feasibility, safety was 
analyzed, the safety and efficacy of laparotomy versus 
laparoscopy in early-stage ovarian cancer. Those studies 
were analyzed and shown in Table 1.

The studies showed that compared with laparotomy, 
laparoscopic surgery showed significant associations with 
less blood loss and shorter hospital stays. Most importantly, 
laparoscopic patients started adjuvant chemotherapy earlier 
than laparotomy patients.

In our center, Park and colleagues carried out a 
retrospective, case-controlled comparison of laparoscopy 
and laparotomy for cancer staging in 52 patients with early-
stage cancer in the ovary or the fallopian tube. Laparoscopy 
and laparotomy showed comparable results in terms of the 
adequacy and accuracy of surgical staging, while laparoscopy 
was associated with more favorable outcomes. Moreover, 
the interval to chemotherapy was shorter (P<0.05) in those 
staged by laparoscopy (12.8±4.9 days) than in those staged 
by laparotomy (17.6±8.3 days) (23). 

Lee et al. retrospectively compared the oncological 
and surgical outcomes of laparotomy and laparoscopic 
surgery in 113 patients with early-stage ovarian cancer, 
and reported that the laparoscopy group had a significantly 
longer mean operation time than the laparotomy group 
(227.6 vs. 184.6 minutes, P=0.016). The laparoscopy group 
also had shorter postoperative hospital stay as well as less 
amount of intraoperative blood loss. Also, the laparoscopy 
group had a notably lower rate of complications than did 
the laparotomy group (7.7% vs. 23.0%) (18). Conversely, 
the two groups did not show significant differences in the 
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risks of intraoperative mass rupture and port-site metastasis.
Recent studies on early-stage ovarian cancer did not 

focus on reporting the long-term follow-up data on survival 
and recurrence. Those studies were analyzed and shown in 
Table 2. The studies showed that there was no significant 
difference in the recurrence rate. 

Lee et al. reported that eight patients in the laparotomy 
group showed recurrence whereas patients in the laparoscopic 
group did not, which may be due to the relatively short 
follow-up period in the laparoscopic group (18).

Possible risks of laparoscopic approach

However, laparoscopic surgery still had several unsolved 
risks. 

The first one is difficulty in tumor manipulation, 
especially in a large and adhesive tumor. Tumor diameter 
was significantly larger in the laparotomy group. Lee et 
al. reported that the mean tumor size was larger in the 
laparotomy group than the laparoscopy group (14.0±8.3 
vs. 9.1±5.0 cm, P=0.01) (18). It means that the surgeon can 
select the surgical method according to the size of the ovary 
before surgery, which can lead to selection bias.

The second risk is associated with the risk of ovarian 
tumor rupture during surgery, and many of the reports 
showed a higher upstaging rate with laparoscopy than 
with laparotomy (19,21,26,27). Intraoperative tumor 
rupture results in immediate upstaging and may lead to 
the peritoneal seeding of cancer cells that may necessitate 
adjuvant chemotherapy and worsening of prognosis (28). 

The third disadvantage is the risk of port-site metastasis. 
The incidence of port site metastases in invasive ovarian 
cancer was shown to be up to 16%, whereas Zivanovic et al. 
reported a recurrence incidence of 1.96% at the port site 
alone (29). Accordingly, other recent reports suggested that 
port-site metastasis in patients whose ovarian cancers are 
staged by laparoscopy may be rare (0–2%) (30,31). 

However, a prospective study is needed to better 
comprehend the actual risk and the prognostic role of 
laparoscopic staging in ovarian cancer.

Robotic surgery approaches 

Robotic surgery is quickly gaining ground in the field of 
minimally invasive surgery by overcoming historic barriers 
of laparoscopy and laparotomy.

Robotic surgery offers three-dimensional (3-D) 
visualization, tremor-free movements, and improves the T
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dexterity of instrument movement. 
As reported, compared to traditional laparotomy and 

laparoscopy, robotic surgery is safe and feasible for treating 
cervical cancer with less bleeding and complications and 
short recovery time (32). Nevertheless, the clinical efficacy 
of robotic surgery in ovarian cancer has only been reported 
in a few small-sized retrospective studies. 

Feuer et al. studied the efficacy and feasibility of robot-
assisted surgery for epithelial ovarian cancer in comparison 
with laparotomy (33) and showed that while robot-assisted 
surgeries required significantly longer operative time (138.6 
vs. 95.2 minutes), robot-assisted surgeries had less amount 
of estimated blood loss (94.9 vs. 385.4 mL) and shorter 
hospital stay (2.3 vs. 6.2 days).

In another small study, Magrina et al. showed similar 
results and that robot-assisted group had a significantly 
higher progression-free survival rate than did the 
laparotomy group (34). 

Several key issues need further research, such as tumor 
rupture, port-site metastasis, and growth of tumors due to 
pneumoperitoneum.

Discussion

Minimally invasive surgery (MIS) has become the trend 
in surgical techniques in the gynecologic oncology field. 
Despite existing research on the beneficial role of MIS in 
the treatment of early-stage cancers in the endometrium 
and cervix, our current understanding on the role of MIS 
in early-stage ovarian cancer is lacking. In ovarian cancer, 
in addition to the treatment of early disease and staging 
procedures, patients with advanced diseases following 
neoadjuvant chemotherapy and selected patients with 
recurrent tumors have become candidates for a minimally 

invasive approach. 
This study aimed to explore the effectiveness of MIS 

for the treatment of early-stage ovarian cancer. The review 
showed that confirmed the favorable prognostic outcomes 
of MIS for reducing the lengths of hospital stays and the 
less blood loss rates in patients with apparent early-stage 
ovarian cancer. The number of retrieved lymph nodes 
and mean operating time were comparable between MIS 
and laparotomy, while the MIS was associated with a 
significantly lower incidence of complications.

However, these studies have included a control group 
between the laparoscopic and laparotomy procedures and 
limited follow-up periods. Therefore, the role of MIS in 
patients with early ovarian cancer remains controversial.

The most common controversy on MIS in the treatment 
of ovarian cancer is the accuracy of complete surgical 
staging. Among patients with early-stage ovarian cancer, 
those who have undergone optimal debulking surgery have 
a lower risk of recurrence than do those who have not. It 
has been argued that MIS does not allow for a thorough 
inspection of the pelvis, mesentery, and peritoneum leading 
to incomplete surgery. In the present review, we did not find 
significant differences between the laparoscopic group and 
the laparotomy groups in terms of the number of retrieved 
lymph nodes. This might be related to the surgeon’s 
experience and competence.

The other controversial issue is the rate of ovarian tumor 
rupture during surgery. MIS carries the risk of port-site 
metastasis and spillage, the effects on patient outcome, and 
the possibility of incomplete tumor staging. Intraoperative 
ovarian capsular ruptures lead to worsened disease 
prognosis. Romagnolo et al. showed that tumor rupture 
or spills are more common in laparoscopic surgery than 
in laparotomic surgery (34.6% vs. 6.6%) (35). However, 

Table 2 Survival outcomes of patients with early stage ovarian cancer in published studies

Reference Number of Patients
Mean follow up (month) Recurrences

LPS LPT LPS LPT

Ghezzi (in 2007) (21) 34 16 [4–34] 60 [30–108] 0 4

Park (in 2008) (22) 36 19 [5–56] 14 [5–61] 2 0

Park (in 2008) (23) 52 17 [2–40] 23 [1–44] 0 0

Lee (in 2011) (18) 113 12 [1–42] 25 [1–74] 0 8

Koo (in 2014) (24) 77 31.7±20.7 31.1±19.1 2 2

Qi Lu (in 2016) (25) 92 82 [16–152] 82 [16–152] 5 6

LPS, laparoscopic group; LPT, laparotomic group.
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some studies have reported that the risk of tumor rupture is 
similar between laparoscopic and laparotomic surgery. Park 
et al. reported that laparotomy and laparoscopy showed 
similar incidence of tumor rupture in patients with ovarian 
cancer (10.5% vs. 12.1%; P=1.000) (23). 

Also of note is that the pattern of disease spread is 
different in ovarian cancer than in endometrial and cervical 
cancer. Several studies have reported that laparoscopic 
surgery may result in the dissemination of ovarian cancer or 
the aggravation of transperitoneal dissemination. Moreover, 
tumor cell growth may be promoted by CO2-induced 
hypercapnia and pneumoperitoneum (36). Also, tumor 
dissemination and port-site metastasis may be prompted 
by aerosolization of tumor cells and the chimney effect, a 
phenomenon in which tumor cells are increased at the port 
sites due to leakage (37,38). 

Nevertheless, most studies so far have demonstrated 
that surgical staging of early-stage ovarian cancer through 
laparoscopy is safe.

Accordingly, Lee et al. reported that there were no 
metastasis at the incision site or the port site (18), which 
was likely due to their effort in reducing the risk of port-site 
metastasis by removing intact specimens by a Lap bag and 
closing the trocar sites by using anatomical layers. 

The clinical significance of port site metastasis and 
intraoperative tumor rupture remains uncertain. Large-
sized randomized controlled trials are needed to assess the 
prognostic role of intraoperative tumor rupture in patients 
with early stage ovarian cancer. 

Another  important  i s sue  i s  the  radica l  en  b l o c 
peritonectomy contributes to optimal cytoreduction 
affecting prognosis in early ovarian cancer. The aim 
of radical en bloc peritonectomy is to remove no visible 
microscopic tumor, as complete debulking is the most 
important prognostic factor in patients with ovarian 
cancer. However, radical en bloc peritonectomy is effective 
in laparotomy and is easier procedure than MIS. Radical 
en bloc peritonectomy by MIS have different outcomes 
depending on the level of each surgeon. Also, no studies 
have described an MIS technique to safely perform radical 
en bloc peritonectomy.

The last controversy is the higher recurrence rate in 
laparoscopy. According to the LACC trial, minimally 
invasive surgery was associated with a lower rate of disease-
free survival in cervical cancer (39). Almost all published 
data have been from MIS surgeon, who wishes to prove 
their new technique is feasible, not from the open surgeon.

Also, laparotomy control was older than the MIS case, 

which means longer follow up and the level of medical 
practice was low and has lower survival in the laparotomy 
group. Thus, if the survival was similar in both groups, the 
MIS could be worse. 

We have recently begun a prospective randomized trial 
comparing laparotomy and laparoscopy (KGOG 3050 trial, 
Figure 1). 

The goal of this study is to compare the surgical and 
survival outcomes in patients with early-stage epithelial 
ovarian cancer according to surgical method (laparoscopic/
robotic and open staging surgeries). 

However, surgical comparative studies depend on the 
level of each operator, so there are limits to the application 
of the findings to all surgeons.

Conclusions

Laparoscopy and robotic surgery allow optimal visualization 
of the surgical field as well as better magnification, thereby 
enabling the detection of implants on the peritoneum 
surfaces, diaphragm, and the liver. Furthermore, MIS 
appears to have better surgical outcomes in less blood loss, 
shorter hospital stay and earlier recovery compared with 
conventional laparotomy in the treatment of apparent early-
stage ovarian tumors. 

Several issues such as tumor rupture, port site metastasis, 
and the enhancement of tumor cell growth due to 
pneumoperitoneum should be clarified in future studies. 
Also, there are remaining concerns in terms of the rates 
of survival and recurrence in patients staged by MIS, as 
most of the retrospective literature reports survival rates 
of approximately 90% at follow-up, which are similar to 
that observed in patients staged by laparotomy (14,19). 
But these studies are not long-term data on recurrence and 
survival. Furthermore, there is still a wide regional variation 
in the laparoscopic skills and competence of gynecological‐
oncology surgeons.

A short and small study cannot easily validate the 
benefits of MIS for ovarian cancer. There were no reports 
of a randomized controlled study of MIS for ovarian cancer. 
Therefore, large prospective studies, like in KGOG, 
are required to confirm these findings and to develop 
selection criteria for MIS of ovarian cancer. Until then, 
comprehensive discussion about the risks and benefits with 
the patient should be required and the level of surgical skill 
of the gynecologist should be considered in determining the 
type of surgery.

Considering these limitations, successful MIS staging 
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Figure 1 KGOG trials comparing surgical and survival outcomes between laparoscopic/robotic and open staging surgery in early-stage 
epithelial ovarian cancer.
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would require adequate selection and counseling of patients 
as well as careful selection of the surgical technique.
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