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Summary. Study Objective: To compare the clinical and oncologic outcomes of Robotic radical hysterectomy 
(RRH) vs Laparoscopic radical hysterectomy (TLRH) in patients with cervical carcinoma. Design: Long term 
follow-up in a prospective study between March 2010 to March 2016. Setting: Oncological referral center, 
department of gynecology and obstetrics of Alessandro Manzoni Hospital, department of gynecology, Uni-
versity of San Gerardo Monza, Milan. Patients: 52 patients with cervical carcinoma, matched by age, body 
mass index, tumor size, International Federation of Gynecology and Obstetrics (FIGO) stage, comorbidity, 
previous neoadjuvant chemotherapy, histology type, and tumor grade to obtain homogeneous samples. In-
terventions: Patients with FIGO stage IA2 or IB1 with a tumor size less than or equal to 2 cm underwent 
RR type B. RR-Type C1 was performed in stage IB1, with a tumor size larger than 2 cm, or in patients 
previously treated with NACT (IB2). In all cases Pelvic lymphadenectomy was performed for the treatment 
of cervical cancer. Measurements and main results: Surgical time was similar for both the 2 groups. RRH was 
associated with significantly less (EBL) estimated blood loss (P=0,000). Median number pelvic lymph nodes 
was similar, but a major number of nodes was observed in RRH group (35.58 vs 24.23; P=0,050). The overall 
median length of follow-up was 59 months (range: 9-92) and 30 months (range: 90-6) for RRH and TLRH 
group respectively. Overall survival rate (OSR) was 100% for RRH group and 83.4% for LTRH group. The 
DFS (disease free survival rate) was of 97% and 89% in RRH and LTRH group respectively. No significant 
difference was reported in HS (hospital stay). Conclusions: RRH is safe and feasible and is associated with 
an improved intraoperative results and clinical oncological outcomes. The present study showed that robotic 
surgery, in comparison to laparoscopic approach, was associated with better perioperative outcomes because 
of a decrease of EBL, and similar operative time, HS and complication rate, without neglecting the long-term 
optimal oncologic outcomes. (www.actabiomedica.it)

Key words: robotic radical hysterectomy, laparoscopic radical hysterectomy, cervical cancer, complications, 
progression-free survival, overall survival, long term follow-up

Acta Biomed 2017; Vol. 88, N. 3: 289-296	 DOI: 10.23750/abm.v%vi%i.6100					                   © Mattioli 1885

O r i g i n a l  a r t i c l e

Introduction

Incorporation of total laparoscopic radical hys-
terectomy (TLRH) offered the advantages of minimal 
invasive surgery without compromising the surgical 
and oncologic outcomes (1). The concept of laparo-
scopic management of gynecological malignancies 
has converted from a perceived near impossibility to a 
fully recognized option for many patients over the last 

decade. Unfortunately, a laparoscopic approach has 
not been recognized or accepted to treat endometrial 
and/or cervical cancers by the majority of gynecologi-
cal oncologists. However, robotic-assisted laparoscopy 
(RAL) holds appeal and the current prototype is well 
suited for oncologic surgery.

Recently, RAL, which is FDA approved, has 
become an option in the definitive surgical manage-
ment of early stage endometrial and cervical cancers 
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(2). The Da Vinci robotic surgical system (da Vinci, 
Surgical System; Intuitive Surgical Inc, Sunnyvale, 
CA, USA) provides surgeons with a greater range of 
instrument movement, enhanced dexterity, and im-
proved 3-dimensional visualization. These advantages 
enable surgeons to overcome some of the limitations 
of traditional laparoscopy, especially in case of complex 
procedures such as radical hysterectomy (3-4). This 
technologic surgical modality offers numerous advan-
tages over conventional laparoscopy, well described in 
literature. Since 2007, it was reported a significant in-
crease in the appropriateness of the RAL for several 
gynecologic oncology procedures: radical hysterec-
tomy and pelvic lymphadenectomy for cervical cancer 
(89.1% compared with 60.2% in 2007) (5).

In this prospective analysis, the feasibility and 
clinical and oncologic outcomes of RRH (Robotic 
radical hysterectomy) type B and C1 compared with 
TLRH, for cervical cancer were evaluated, with a me-
dian long follow-up evaluation. 

Materials and methods

From March 2010 to March 2016, 34 consecutive 
patients underwent RRH and 18 patients underwent 
TLRH type B and C1 with systematic pelvic lym-
phadenectomy (PLH), according to Querleu-Morrow 
classification (6), at Alessandro Manzoni Hospital, 
which is an RAL referral center in Italy. RRH group 
was compared TLRH group matched by age, body 
mass index, tumor size, International Federation of 
Gynecology and Obstetrics (FIGO) stage, comor-
bidity, previous neoadjuvant chemotherapy, histol-
ogy type, and tumor grade to obtain homogeneous 
samples. Inclusion criteria included the following:                                                                             
tumor size of 3 cm or less, most common histology 
types, and absence of medical conditions that would 
be a contraindication. When the Da Vinci system was 
available, patients were operated by robotic assistance. 
If it was not available, the conventional laparoscopy 
was chosen.

The same surgeon (A.P.), who has an extensive 
experience in laparoscopic and abdominal gynecologic 
surgery, performed all the robotic procedures. Institu-
tional Review Board approval was obtained.

The operative, clinic-pathological and survival 
data were abstracted from the patients’ medical re-
cords including: patient demographics, histology, 
clinical stage, surgical margins (parametrium, and 
paracolpum) lymph nodes retrieved, positive nodes 
present, perioperative data, intraoperative results, and 
postoperative complications, type of adjuvant therapy 
if necessary and time  and sites of recurrence. Status of 
surgical margins, length of hospital stay (HS), time to 
resumption of normal bladder function, intraoperative 
and postoperative complications were analyzed.

Operating time was defined from the begin-
ning of skin incision to completion of skin closure. 
Lymph node status, potential extra-pelvic disease, lo-
cal extension of disease, tumor size, parametrium, and 
paracolpium were determined by MRI (magnetic reso-
nance imaging scan). Previous abdominal surgery was 
not considered a contraindication.

Patients with histologically diagnosis of cervi-
cal cancer received the following evaluations: medi-
cal history collection, physical examination, vaginal-
pelvic examination, complete blood analysis, and 
chest x-ray and pelvic MRI scans. Cystoscopy and/
or proctoscopy was performed in case of suspicious 
involvement of the bladder or of the rectum, respec-
tively. Positron emission tomography and computed 
tomography scan was selectively performed for sus-
picious nodal involvement or distant metastases. En-
dometrial or cervical specimens were obtained before 
surgery. All women received a detailed counseling ses-
sion. The estimated blood loss (EBL) was calculated 
by the difference in the total amounts of suctioned 
and irrigation fluids.

Patients with cervical cancer FIGO stage IB2, 
underwent radical hysterectomy after completing 3 
courses of neoadjuvant chemotherapy (NACT)  with 
paclitaxel, epirubicine, and cisplatin regimen in case of 
squamous histology.  Paclitaxel, ifosphamide, and cis-
platin were indicated in women with adenocarcinoma 
histology. Adjuvant treatment was administered based 
on the presence of risk factors for recurrence in the 
final pathology findings.

Patients with FIGO stage  IA2 or IB1 with a tu-
mor size less than or equal to 2 cm underwent RR type 
B.  RR-Type C1 was performed in stage IB1, with a 
tumor size larger than 2 cm, or in patients previously 
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treated with neoadjuvant chemotherapy (IB2). Adju-
vant treatment was based on the presence of risk fac-
tors for recurrence in the final pathology findings.

Using postoperative pathological results and risk 
classification, high-risk patients received postoperative 
chemo radiotherapy and intermediate-risk patients re-
ceived radiotherapy. Complications were defined as 
those requiring return to the operating room or medi-
cal attention after discharge from the hospital. Com-
plications were classified as intraoperative and early (≤7 
days after surgery) or late with Clavien-Dindo classi-
fication. All patients have antibiotic prophylaxis (cefa-
zoline 2 g and metronidazole 500 mg intravenously) 
and pre-operative low molecular weight enoxaparin in 
a single dose (40 mg/24 h subcutaneously). In addi-
tion, intraoperative lower extremity sequential com-
pression devices for venous thrombosis prophylaxis 
are used. All procedures were performed under general 
endotracheal anesthesia.

RRH was performed by using the da Vinci S 
system. The da Vinci System (da Vinci, Surgical Sys-
tem; Intuitive Surgical Inc) has been used since 2008. 
Surgical procedures are currently performed by using 
3 instruments: the Maryland fenestrated bipolar for-
ceps, the monopolar curved scissors, and the Prograsp 
forceps. The patient was positioned supine with both 
arms tucked comfortably, and her legs placed in Allen 
stirrups, abducted and with hip extension to accom-
modate the second assistant surgeon. A Foley catheter 
was placed to empty the bladder and control urine out-
put, and a uterine manipulator was introduced through 
the cervix. Induction of pneumoperitoneum was estab-
lished to 20 mmHg.

All 4 robotic arms were used. One assistant trocar 
was placed in the left upper quadrant, and the initial 
access was obtained at the umbilicus by open Hasson 
technique. RRH was performed as described by Mag-
rina et al. (7). Systematic PLH comprising the resec-
tion of the external and common iliac nodes, medial 
and lateral suprainguinal nodes, obturator  and sacral 
nodes. All staging was performed in accordance with 
the 2009 FIGO guidelines.

We routinely removed the catheter on day 2 after 
surgical procedure; then, after the first trial of voiding 
of the patient, we measured residual urine volumes and 
if it was >100 ml, we performed self-catheterization.

In selected cases, patients were discharged with 
a Foley catheter in place then removed in the office 
one week after surgery. Visual analog scale (VAS) was 
administered at the first day after surgery.

Data were collected during recruitment and HS, 
as well as at each follow-up visit. Kolmogorov-Smirnov 
with Lilliefors correction was used to evaluate the nor-
mal distribution of the data of the collected variables. 
Whereas frequencies and proportions were used as 
summary statistics for categorical variables, mean and 
SD (standard deviation) for continuous variables.

By using Fisher exact test, the categorical vari-
ables were compared; for continuous variables, either 
a 2-tailed t test, when the normality and homogeneity 
of variance assumptions were met. Progression-free, 
disease-specific survival was defined as the time from 
surgery to the date of first recurrence.

Overall, disease-specific survival was defined as 
the time from surgery to the date of death as recorded 
in the social security death index. The Kaplan-Meier 
method was used to estimate survival curves, and the 
differences in survival were analyzed using the log-
rank test. In all statistical tests, a confidence interval 
of 95% and P <0.05 were considered as significant dif-
ferences. Statistical analysis was performed using the 
IBM SPSS version 20.0 program.

Results

After excluding 5 patients in the RRH group and 
7 in the TLRH due to incomplete clinical data, 34 
RRH patients were compared with 18 TLRH during 
the study period. In all cases PLH was performed for 
the treatment of cervical cancer  in our institution, be-
tween March 2009 and March 2014.

Baseline patients’ characteristics are summarized 
in table 1. 11 of 54 (21%) patients received NACT 
regimens, 6 (18 %) in RRH (3 cases of  TIP and TEP, 
respectively) and 5 (27%) in TLRH group (3 cases of 
TIP; 2 cases of TEP).

7 patients (21%) in RRH group and 5 (28%) of 
TLRH group, underwent type-C RH. Type-B RH 
was performed in the remaining cases, 79% and 72% 
in RRH and TLRH group, respectively. FIGO stage 
and oncologic data are reported in table 2.
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Median operative time was similar in both the 
groups (P=0.362), however less operative time was 
observed in RRH group (227.64±SD 51.32 min vs 
242.87±90.03 min) (table 3). 

Operative time and lymph node yields were ac-
ceptable in RRH group. Number of lymph nodes were 
similar in both the groups, 35.58 (SD±12.03) in RRH  
group vs 24.23 (SD±6.54) in LTRH group, however a 

major number was observed in RRH group. Incidence 
of  positive lymph node status was 3% vs 33% between 
the LTRH and RRH groups, respectively.

Table 1. Baseline characteristics

	 RRH	 TLRH	 P value
	 Mean ± SD	 Mean ± SD
	 Median (range)	Median (range)
	 (n=34) (%)	 (n=18) (%)

Age, y	 46,88 (±9,46)	     48,2 (±13,12)	 0,242

BMI, kg/m2	 27,91 (±5,75)	 23,93 (±3,92)	 0,293

Pregnancy	    2 (2-6)	  2 (1-3)	

Spontaneous delivery	    1 (1-3)	  1 (1-3)	

Menopause	 10 (29)	 7 (30)	 0,545

Previous surgery	 11 (32)	 6 (33)	 1

Asa score >-3	   7 (22)	 4 (22)	 1

Charlson comorbidity	   6 (18)	 4 (22)	 1 
   index

Table 2. Oncologic data

		  Robotic	 Laparoscopy	 P value
		  n=34 (%)	 n=18 (%)

FIGO stage%
	 IA1	 0 (0)	 0 (0)
	 IA2	 2 (6)	 1 (5)	 1
	 IB1	 25 (73)	 12 (68)	 0.743
	 IB2	 6 (18)	 4 (22)	 0.721
	 IIA1	 1 (3)	 1 (5)	 1
	 IIA2	 0 (0)	 0 (0)	

Grading
	 G1-2	 6 (18)	 3 (17)	 1
	 G2	 19 (56)	 9 (50)	 0.773
	 G3	 9 (27)	 6 (33)	 0.741

Histology 
	 Squamous 	 25 (73)	 10 (55)	 0.223
	 adenocarcinoma	 9 (27)	 8 (44)	 0.223

Type of radical hysterectomy
	 C	 7 (21)	 5 (28)	 0.730
	 B	 27 (79)	 13 (72)	 0.730

Table 3. Intra-operative data, post-operative outcomes

	 RRH	 TLRH	 P value
	 Mean ± SD	 Mean ± SD
	 Median (range)	 Median (range)
	 (n=34) (%)	 (n=18) (%)

Length of the hospital stay (days)	 2,58 (±1)	   3.27 (±1,79)	 0,148

Median pelvic lymph nodes	      35,58 (±12,03)	 24,23 (±6,54)	 0,050

Docking	           230 (120-355)	 NA	 /

Operative time	   227,64 (±51,32)	 242,87 (±90,03)	 0,362

Blood loss ml	       67,88 (±118,39)	   203,33 (±218,65)	 0,000

Discharge with self-catheterization 	 0	 3	 0.036
Discharge with Foley catheter in place	 0	 1	 1
fever	 0	 2	 1

Late complications	 4**	 5	 0.241
Vaginal dehiscence	 1	 1	 1
Lymphocele	 4	 2	 1
Ureteral fistula	 0	 2	 1

Reintervention	 1	 3	 0.112

Readmission 	 1	 4*	 0.043
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Pathology confirmed the adequacy of the surgical 
specimen: both parametria and length of vaginal mar-
gin resulted adequate without no difference between 
the two groups. Right parametria was 2.2 mm (range: 
2-3.4) vs 2.3 mm (range: 1.8-3.5),while left parame-
tria was 2.1 mm (2-3.2) vs 2.4 mm (1.9-3.2),  for RRH 
and LTRH group, respectively. No positive parame-
trial or vaginal margins were reported.

Median tumor size was similar in both groups, 18 
mm (12-30) vs 16 mm (15-32) in RRH and LTRH 
group. Median vaginal margin was 16.8 mm (12-25) 
vs 15.5 mm (13-21), for RRH and LTRH group. EBL 
was significant  less in RRH group (67.88±SD 118.39 
ml vs 203.33±SD 218.65 ml; P=0.000).

One patient in RRH group, required conversion 
to laparotomy for massive bleeding from iliac artery 
and any patient required an intraoperative or postop-
erative blood transfusion, in both the groups. 

One case for each group, required re-intervention 
for vaginal cuff dehiscence at 60 and 34 days after the 
surgery. 1 cases of early re-intervention was reported 
in the TLRH group, due to an ureteral fistula.

A second case of complication in the TLRH 
group was an ureterovaginal fistula, diagnosed 1 month 
later by urography; the patient underwent placement 
of a ureteral stent 1 week later, that was removed af-
ter 3 months with no sequela. There was no difference 
for lymphocele between in both the groups, which 
resulted asymptomatic in all cases and spontaneously 
regressed.

The median time to resumption of bladder func-
tion, was of 2 days (range: 1-3) in the RRH group and 
of 3 days (range: 1-30) in the TLRH group.

In RRH all patients were voiding spontaneously 
without any difficulty, while in TLRH group 3 patients 
were discharged with self-catheterization, resolved 7 
days later, in 2 cases, with a statistically significant  dif-
ference (p=0.036), and 1 patients with catheter in place 
removed after 30 days after the surgery.

Postoperative fever was reported in two cases 
of  the TLRH group and in any patients of the RRH 
group.  VAS for pain was decreased by three points on 
the first postoperative day (range of decrease: 2-6) in 
30 patients in the RRH and in 5 patients in the LTRH 
(P= 0.001) (figure 1). Ketoprofen was used to control 
pain. In TLRH was necessary infusion of morphine.

Regarding the oncologic outcomes, 3 patients 
died for a recurrent disease in the LTRH group with 
squamous  histology. 1 patient (stage IB1) had recur-
rence on the vaginal cuff, after 8 months and received 
chemo-radiation therapy, with death 15 months later. 
The second case (stage IB1) had a recurrence 4 months 
after surgery, and death, six months later. In the third 
recurrence (stage IB2) the patient  was free of  disease 
for 84 months. Lung metastasis and death after 92 
months from the last surgery was reported. Readmis-
sions were statically major in TLRH group.

The overall median length of follow-up was 59 
months (range 9-92 months) for the RRH group and 
30 months (90-6 months) for TLRH group. Over-
all survival rate was 100% for RRH and 83.4% and 
for LTRH (figure 1), and The DFS was of 97% and 
89% in RRH and LTRH group respectively without 
no statistical difference. No deaths due to disease were 
observed in the RRH group. 4 patients in LTRH and 
5 patients in RRH group with a previous neoadjuvant 
treatment, received a consolidation regimen of  chem-
otherapy of 2 cycles after surgery.  Using postoperative 
pathological results and risk classification, patients in 
a high-risk group (4 LRH and 6 RRH) received post-

Figure 1. Example of schedules of VAS  marked by the patients
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operative radiotherapy and/or chemo-radiation, while  
patients in an intermediate-risk group received radio-
therapy (1 case in each group).

Discussion

Although short-term outcomes of RRH for cervi-
cal cancer are widely reported, data  equating the long-
term outcomes of cervical cancer patients treated with 
TLRH compared with RRH are scant. Previous stud-
ies found that RRH was feasible and effective in re-
ducing the blood loss. However, few studies compared 
surgical and oncological outcomes between RRH and 
LTRH (8,9). Despite the experience with this proce-
dure is ever growing, the oncologic outcomes for pa-
tients undergoing RRH are still uncertain .After the 
U.S. Food & Drug Administration (FDA) clearance 
for gynecologic surgery in 2005,17 the first robot-
assisted laparoscopic radical hysterectomy (RRH) for 
cervical cancer was reported by Bilal M. Sert (10,11).

Furthermore as to long-term outcomes, only three 
studies (12-14) mentioned the DFS; The removal of 
the parametria and the upper vagina defines a radical 
hysterectomy (13,15), but in several studies these data 
are lacking. In the two included studies (13,15), ad-
ditional pathological parameters (the parametrial size 
and vaginal cuff length) were investigated to ensure 
that the surgical specimen removed was similar be-
tween the two surgical approaches, as in our analysis. 
Furthermore, despite the appropriate follow-up of our 

series, the small number of patients in LTRH group is 
an important drawback. After a median follow-up of 
30 months (90-6), in TLRH group, 3 (17%) patients 
had a recurrence and subsequently died of disease. The 
OS rate was significantly different between the two 
groups, but it must be underlined that two of the three 
deaths happened before of 10 months of follow-up. 
This data associated with the minor number of the pa-
tients in TLRH group, could bring a  bias in calcula-
tion of the OSR. However, mean time recurrence was 
35.3 months (SD±38.7) in TLRH group. No port site 
metastases were recorded.

In previous studies, a large number of surgeons 
were involved in the procedures from each institution 
with no information on individual learning curves re-
garding robot surgery which limits interpretation of 
the data.

Improved articulation of the robotic arms may 
have potentially reduced the technical skill acquisition 
time. Good ergonomics might reduce surgeon fatigue 
in more long oncological surgical procedures. These 
advantages permit more precise and accurate perfor-
mance in complex radical gynecological surgery in ad-
dition to the known advantages. These complex proce-
dures with RAL could be accomplished in a reasonable 
operative time with a minimal morbidity. The robotic 
device has the ability to transform hand’s movements 
into precise micro-movements of the jointed-wrist 
instrument, due to stability of the hands movements, 
making gesture intuitive that enables deep area loca-
tion. Mandatory laparoscopic experience before ro-
botic surgery is a controversial requirement.

Magrina et al (16) found that surgeon experience 
with LRH reduces RRH operating time. In our study, 
the single surgeon was technically proficient in TLRH. 
However, except for EBL, which was lower in RRH 
group, operating time, perioperative surgical outcomes 
including, EBL, complication rates, and transfusion 
rates were similar between the RRH and LRH groups. 
LRTH experience might ameliorate perioperative sur-
gical outcomes and decrease surgery-associated compli-
cations during the initial experience with robotic sur-
gery. During the last decade, minimally invasive surgery 
has been a fast-growing field in gynecologic malignan-
cies. With regard to shorter operating time, reduced 
blood loss, more precise operative technique as demon-

Figure 2. KaplaneMeier (Mantel-Cox test) plot of overall sur-
vival rate in the RRH and TLRH groups (log-rank test p= 
0.00184; Chisq= 9.7 on 1 degrees of freedom). Red line: RRh; 
Green line: TLRH
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strated by number of retrieved pathological specimens, 
and faster acquisition time for competency compared 
with LRH, robotic surgery may be preferable over 
LRH and open surgery. Higher cost of robotic surgery 
than conventional laparoscopy is a major weak point of 
widespread use RAL, but in oncologic procedures the 
robotic cost are much less then benign condition as well 
demonstrated (17). However, surgical robots should be 
smaller and less expensive in the future.

Furthermore, surgeons must be taking into ac-
count the best choose for the patient, focusing the at-
tention on the postoperative outcome (VAS, cosmetic 
outcomes, urinary retention etc.) and major benefits 
linked to the surgical procedure linked to RAL and 
not taking into account only intraoperative technical 
results.

Furthermore in our study, results of pelvic lymph 
nodes yielded, operative time, HS, late complications 
also if resulted not statically significant between the 
two groups, are better in RRH group.

Risk of laparoscopic port-site metastases is not 
high in gynecologic malignancy, not detected in our 
study, and its incidence has not been well defined (18, 
19). However, due to the small number of patients, it 
is difficult to draw any conclusions.

RAL allows complex oncological procedures, 
such as radical hysterectomy, which requires delicate 
and precise dissection of the pelvic area (cardinal liga-
ment, ureter, pelvic nodes and vessels), allowing good 
visualization of the pelvic plexus nerves, thereby allow-
ing resection without nerve injury, maintaining onco-
logical radicality to be completed by a single surgeon 
with a novice assistant and alleviates the need for an 
expert assistant, which is the ideal tool for performing 
complex oncological procedures.

RAL provides patients the benefits of minimally 
invasive surgery, including low short- and long-term 
complication risk and represents a logical advance in 
the evolution of endometrial cancer treatment.

However, the limitations of RAL as the limited 
experience with this recently developed technology, 
underline the importance of conducting clinic research 
in this area of gynecologic oncology.

The strength of this case series consists of a single 
surgeon experience with incorporation of radical hys-
terectomy with good long-term oncologic outcome. 

The present study showed that robotic surgery, in com-
parison to  laparoscopic approach, was associated with 
better perioperative outcomes because of a decrease of  
EBL, and similar operative time and HS, and com-
plication rate without neglecting the long-term onco-
logic outcomes. In agreement with other authors, RAL 
was safe in terms of intraoperative and postoperative 
complications (20,21). We think as previously there 
was skepticism toward laparoscopy, which was demon-
strated to be preferable to open surgery in patients re-
quiring radical hysterectomy(20-25), also RAL should 
be confirmed, in near future as the gold standard surgi-
cal procedure for cervical cancer.

Conclusions

Unfortunately, a laparoscopic approach has not 
been recognized or accepted to treat endometrial and/
or cervical cancers by the majority of gynecological 
oncologists. However RAL holds appeal and the cur-
rent prototype is well-suited for oncologic radical sur-
gery for cervical cancer.

Recently, RAL, which is FDA approved, has 
become an option in the definitive surgical manage-
ment of early stage endometrial and cervical cancers. 
In conclusion, the data reported support its safety and 
feasibility with an available median long-term follow-
up evaluation and an overall survival rate of 100%. At 
our center, gynecologic oncological staging and other 
complex procedures have been safely and successfully 
completed using RAL.

Ethical approval: All procedures performed in studies involving 
human participants were in accordance with the ethical stand-
ards of the institutional and/or national research committee and 
with the 1964 Helsinki declaration and its later amendments or 
comparable ethical standards.
Informed consent: Informed consent was obtained from all indi-
vidual participants included in the study.
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