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Abstract

Introduction: Whether rectal cancer surgery by robotic-assisted laparoscopic

surgery provides beneficial advantages remains controversial. Although favor-

able outcomes in terms of the safety and technical feasibility of robotic-assisted

laparoscopic surgery have been demonstrated for rectal cancer, long-term

oncological outcomes for robotic-assisted laparoscopic surgery have only been

examined in a few studies. This retrospective study of subjects who underwent

robotic-assisted laparoscopic surgery evaluated short- and long-term outcomes

of consecutive rectal cancer patients.

Methods: Between November 2016 and January 2020, we analyzed the

records of 62 consecutive patients who underwent robotic-assisted laparoscopic

surgery for rectal adenocarcinoma without distant metastasis to evaluate

short- and long-term outcomes.

Results: Tumors were located in the lower or mid-rectum (88.7%) in most

patients. The median operative time was 357 min. No patient received transfu-

sions, and the median blood loss was 10.5 ml. Open laparotomy was not

required in any patient. A Clavien–Dindo classification of all grades was

observed in 12 patients (19.4%). Positive radial margin was not observed in any

patient. Duration of median follow-up was 40.5 mo, while 3-y overall survival

and 3-y relapse-free survival rates were 96.8% and 85.0%, respectively. The

local recurrence rate was 3.4%.

Conclusion: Favorable short- and long-term outcomes demonstrated robotic-

assisted laparoscopic surgery was safe and technically feasible for rectal cancer.
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1 | INTRODUCTION

Of the various types of surgery for rectal cancer, minimally
invasive surgery (MIS) has become increasingly popular. As
compared to open surgery (OS), MIS for rectal cancer has
been shown to have many advantages due to the introduc-
tion of more advanced instruments along with the
evolution of surgical techniques. When conventional lapa-
roscopic surgery (CLS) for rectal cancer was evaluated in
randomized clinical trials (RCTs), the results demonstrated
similar or better short-term outcomes compared with OS,1,2

along with similar long-term oncological outcomes with
OS.3,4 However, there are several drawbacks when per-
forming CLS for rectal cancer with regard to working in the
narrow and deep pelvis. As previously reported for CLS use
in rectal cancer, this observation is reflected by a conversion
rate that ranges as high as 9%–16%.2,5,6 Pathological out-
comes were assessed in two large RCTs with respect to the
completeness of the total mesorectal excision (TME) and
circumferential resection margin (CRM), which are used to
determine adequate surgical resection, with the results
demonstrating that there were higher positive CRM rates in
CLS as compared to OS for rectal surgery.5,6 These results
were thought to be related to technical difficulties associ-
ated with the deep pelvis.

One of the latest advancements in the MIS field is the
use of robotic-assisted laparoscopic surgery (RALS) for
rectal cancer. This technique has improved ergonomics,
uses articulated instruments, in addition to having a sta-
ble 3D view along with enhanced dexterity with tremor
filtration and motion scaling. Thus, RALS can potentially
overcome the limitations associated with CLS. Although
the ROLARR randomized clinical trial compared RALS
with CLS and tried to evaluate the superiority of the con-
version rates, the results were not definitive.7 However,
favorable outcomes in terms of the safety and technical
feasibility of RALS for rectal cancer have been reported
by several retrospective case–control studies8–14 and
small randomized clinical trials.15–18 Even so, long-term
oncological outcomes for RALS have only been closely
examined in a few reports.19–21 Therefore, this retrospec-
tive study attempted to examine subjects who underwent
RALS in a single center and then clarify the short- and
long-term outcomes of these consecutive rectal cancer
patients.

2 | MATERIALS AND METHODS

2.1 | Patients

The medical records of 62 consecutive patients with rec-
tal adenocarcinoma without distant metastasis who

underwent RALS with radical resection at Kitasato Uni-
versity Hospital between November 2016 and January
2020 were examined in order to determine the short- and
long-term oncological outcomes of the RALS procedure.
Patients were excluded from the study if upon preopera-
tive imaging they were found to have abdominal aortic
aneurysm, common iliac artery aneurysm, or definite
contiguous organ involvement. The records were avail-
able for this study, as our hospital maintains a prospective
database that contains information on baseline character-
istics, operative results, postoperative complications, path-
ological findings, and oncological outcomes. Since we
have previously published a report on the short-term out-
comes of patients who underwent RALS for rectal cancer,
the present study contains duplicate patients.22

Our Institutional Review Board approved this study
(approval number B21-071). All patients were given com-
plete details regarding the surgical procedure, after which
they all provided written consent.

2.2 | Perioperative management and
operative procedure

Based on the Union for International Cancer Control
(UICC) Tumor-Node-Metastasis (TNM) Classification,
8th edition,23 some of the patients who were diagnosed
as having lower rectal cancer with a clinical stage of
cT3-4 or were N-positive, underwent surgery after receiv-
ing neoadjuvant chemoradiotherapy (NCRT). The NCRT
procedure was dependent on the discretion of surgeons,
schedule, or the patient's performance status, with the
procedure administered in accordance with our previ-
ously reported institutional guidelines.24,25 Surgery was
performed 8–10 weeks after NCRT completion.

Standardized protocols of perioperative management
were used in all patients and included antibiotic prophy-
laxis, mechanical bowel preparation, thrombotic prophy-
laxis, analgesic care, and diet resumption. After the
return of the bowel movement, oral intake was then
allowed and over time gradually advanced to a soft diet.
Oncologists recommended adjuvant chemotherapy in
some patients after their recovery from surgery, unless
there were contraindications related to the patient's per-
formance status, which included TNM stage III or TNM
stage II with unfavorable pathological characteristics,
such as T4, positive lymphatic invasion, and positive vas-
cular invasion. All patients were followed regularly using
an oncological follow-up program. Patients were
followed-up every 3 mo for the first 3 y and every 6 mo
thereafter. Blood test results, including Carcinoembryonic
antigen (CEA), were checked at each visit. Chest-
abdominopelvic computed tomography (CT) was performed
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every 6 mo for the first 3 y and annually thereafter. Colo-
noscopy was performed 1 y after surgery and every 2 y
thereafter. If recurrence was suspected, magnetic resonance
imaging (MRI) and/or positron emission tomography
(PET)-CT was used to confirm the diagnosis of metastasis.
Surgery was considered for patients with good performance
status with resectable recurrence. The follow-up time was
calculated as the time interval from surgery until death or
the last follow-up date.

Using the Da Vinci Si or Xi Surgical System (Intuitive
Surgical, Sunnyvale, CA, USA) as a six- or five-port sys-
tem, two certified surgeons performed the RALS. Five
ports were generally placed in the Xi Surgical System, six
ports were placed in some cases when the suction was
needed for excessive fluid, such as for the patients who
were administered NCRT (Figure 1). Six ports were gen-
erally placed in the Si Surgical System. After placing
patients in a lithotomy position with the head down at
15–20� and the right side down at 15�, a colonic and pel-
vic phase was used to perform all procedures. Inferior
mesenteric artery and vein ligations along with left-
sigmoid mesocolon mobilization were performed in the

colonic phase, while pelvic dissection using TME or
tumor-specific mesorectal excision (TSME) were per-
formed in the pelvic phase. The distal rectum was divided
more than 3 cm below the lower border of the tumor in
performing TSME for tumors of the upper or mid-rectum.
In contrast, the distal rectum was divided more than
2 cm below the lower border of the tumor when per-
forming TME for tumors of the lower rectum.26 The dis-
tal rectum was intracorporeally divided with a linear
articulated endostapler loaded with a 45 mm or 60 mm
cartridge in the patients who underwent anterior
resection (AR). An intracorporeal double-stapling tech-
nique with a circular staple 25 mm in AR, or transanal
hand-sewn suture in intersphincteric resection (ISR), was
used when restoring the bowel continuity. En bloc
regional lymphadenectomy was used in all patients who
underwent curative standard resection. When the short
diameter of the lateral lymph node was swollen over
7 mm on pre-NCRT CT and MRI, lateral lymph node dis-
section (LLND) was performed. LLND was performed
around the common iliac vessel, internal iliac vessel, and
obturator space, and in the fat tissue outside the pelvic
plexus, while preserving all of the autonomic nerves. If
necessary during the LAR and ISR, a diverting ileostomy
was constructed.

2.3 | Study outcomes

After obtaining all of the pertinent medical records, data
for patient age, sex, body mass index (BMI), American
Society of Anesthesiologists (ASA) score, preoperative
CEA level, tumor level from the anal verge, tumor loca-
tion, NCRT, type of operation, LLND, diverting ileostomy,
blood flow test using indocyanine green (ICG), operative
time, console time, learning curve, blood loss, transfusion,
conversion to open laparotomy, combined resection, days
to soft diet, postoperative hospital stay, adjuvant chemo-
therapy, postoperative complications, reoperation, postop-
erative mortality, tumor size, histological grade, lymphatic
invasion, vascular invasion, proximal margin (PM), distal
margin (DM), positive radial margin (RM), number of
lymph nodes harvested, clinical and pathological TNM
stage, along with the long-term oncological outcomes for
analyzing relapse-free survival rate (RFS), local recurrence
rate (LRR), and overall survival rate were then collected
from these documents.

For classification of the tumor location, the rectum
was divided into upper, mid, and lower rectum. When
the lower border of the tumor was located proximal to
the peritoneal reflection, it was defined as being in the
upper and mid-rectum. Moreover, when the center of the
tumor was located proximal and distal to the lower

FIGURE 1 Port placement in the Xi Surgical System. Five

ports (A 1 and R1-4) were generally placed, six ports (A1-2 and

R1-4) were placed in some cases when the suction was needed for

excessive fluid such as for the patients who were

administered NCRT
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border of the 2nd sacral vertebra, it was defined as being
in the upper and mid-rectum, respectively. When the
lower border of the tumor was located distal to the perito-
neal reflection, it was defined as being in the lower rec-
tum. The time between the initial skin incision and the
completion of the wound closure was defined as the oper-
ative time. The time it took for the TME or TSME proce-
dures when using the Da Vinci Surgical System was
defined as the console time. Learning curves were exam-
ined, the graph of raw operative times plotted, and spline
curve for each of the consecutive patients who underwent
RALS without LLND by surgeons A and B, respectively.
An unintended extension of the laparotomy beyond the
incision that was necessary for specimen retrieval was
defined as conversion to open laparotomy from RALS.
Events that occurred during the postoperative hospital
stay or within 30 d after surgery were defined as postop-
erative complications, reoperation, and mortality that
occurred during this time period. The Clavien–Dindo
(CD) classification was used to categorize all postopera-
tive complications.27 The diagnosis of anastomotic leak-
age was based on clinical suspicion and CT imaging. In
order to assess the quality of the surgery, the pathological
parameters of the surgical specimens, including PM, DM,
RM, and the number of lymph nodes harvested were
recorded.

2.4 | Statistical analysis

Descriptive data are presented as the mean and standard
deviation (SD) or median and range for continuous vari-
ables and as the number of patients and percentage for
categorical variables. After using the Kaplan–Meier
method to analyze the RFS rate, LRR, and overall sur-
vival rate, the results were compared using the log-rank
test. p < 0.05 was considered statistically significant. All
statistical analyses were performed using the statistical
software JMP pro version 14 (SAS Institute, Cary,
NC, USA).

3 | RESULTS

3.1 | Baseline patient characteristics

The baseline characteristics of the 62 patients, with
43 male patients (69.4%) and 19 female patients (30.6%),
are presented in Table 1. Tumors were primarily located
in the lower or mid-rectum (88.7%) in most patients, with
a median tumor level from the anal verge of 54 mm.
There were 23 clinical stage I (37.1%), 16 stage II (25.8%),
and 23 stage III patients (37.1%). In the clinical stage II

and III patients with lower rectal cancer, eight patients
(8/25, 38.1%) who had provided informed consent
underwent NCRT.

TABLE 1 Baseline characteristics of patients with rectal

cancer (n = 62)

Characteristics
n (%) or mean ± SD
or median [range]

Age, y 65.0 ± 10.8

Sex

Male 43 (69.4)

Female 19 (30.6)

Body mass index, kg/m2 23.1 ± 2.9

ASA score

1 12 (19.4)

2 45 (72.6)

3 5 (8.1)

Preoperative CEA level, ng/ml 3.5 [0.6–225]

Tumor level from anal verge, mm 54 [24–137]

Tumor location

Upper rectuma 7 (11.3)

Mid rectuma 13 (21.0)

Lower rectumb 42 (67.7)

cT stagec

T1 14 (22.6)

T2 12 (19.4)

T3 31 (50.0)

T4 5 (8.1)

cN stagec

N0 39 (62.9)

N1 20 (32.3)

N2 3 (4.8)

cM stagec

M0 62 (100.0)

M1 0 (0.0)

cStagec

I 23 (37.1)

II 16 (25.8)

III 23 (37.1)

IV 0 (0.0)

Neoadjuvant chemoradiotherapy 8 (38.1d)

Abbreviation: ASA, American Society of Anesthesiologists.
aUpper or mid-rectum was defined as the lower border of the tumor located
proximal to the peritoneal reflection.
bLower rectum was defined as the lower border of the tumor located distal

to the peritoneal reflection.
cClinical stage, TNM Classification of Malignant Tumors, Eighth Edition.
dData were analyzed in clinical stage II and III patients with lower rectal cancer.
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3.2 | Operative results

The operative results are shown in Table 2. Sphincter-
preserving surgeries were performed in the majority of
the patients (80.6%). LLNDs were only performed in 6.5%
of the patients. Of the patients who underwent recon-
struction surgeries, such as AR and ISR, a diverting
ileostomy was constructed in 41 patients (82.0%). In
27 patients (54.0%) who underwent reconstruction, blood
flow tests using ICG were performed prior to the anasto-
mosis. The median operative and median console times
were 357 and 198.5 min, respectively. Learning curves
are shown in Figure 2. The number of patients who
underwent RALS without LLND by surgeons A and B
were 32 and 26, respectively. The first 20 patients almost

formed the learning phase in the spline curves for both
surgeons A and B. None of the patients received any
transfusions during the surgery, and the median blood
loss was 10.5 ml. Conversion to open laparotomy was not
needed in any of the patients. The median days to a soft
diet and median postoperative hospital stay were 1 and
10 d, respectively. Adjuvant chemotherapy was adminis-
tered to 18 patients (52.9%) who were diagnosed as patho-
logical stage II and III.

3.3 | Postoperative complications

Table 3 lists the postoperative complications. A CD classi-
fication of all grades occurred in 12 patients (19.4%),
while five patients (8.1%) had a CD classification of more
than grade III. In six patients (12.0%) who underwent
reconstruction surgeries, anastomotic leakage with a CD
classification of more than grade II was observed. None
were observed to have urinary retention, bleeding, or
pneumonia. Only one patient (1.6%) had anastomotic
leakage that required a reoperation. No operative mortal-
ity was observed in the present study.

3.4 | Pathological findings

Table 4 lists the pathological findings. A positive radial
margin, which indicates a positive surgical dis-
section plane microscopically, was not observed in any of
the patients. In addition, negative proximal and distal
margins were observed in all patients. The mean number
of harvested lymph nodes was 15.8, while 22 patients
(35.5%) were found to have lymph node metastasis.

3.5 | Long-term outcomes

The median follow-up duration was 40.5 mo (range 16.4–
66.6 mo). Lung relapse in stage II and liver relapse in
stage III resulted in the death of one patient. The results
for the overall cohort showed that the 3-y overall survival
rate was 96.8%, the 3-y RFS rate was 85.0%, and the 3-y
LRR was 3.4% (Figure 3c). The 3-y overall survival rates
for stages 0/I/pCR vs II vs III were 100.0% vs 91.7% vs
95.5% (p = 0.3692), respectively (Figure 3a). The 3-y RFS
rates for stages 0/I/pCR vs II vs III were 96.4% vs 83.3%
vs 71.8% (p = 0.0674), respectively (Figure 3b). Although
comparison of overall survival rates between the patho-
logical stages found no significant difference, the low
pathological stages tended to be a better prognosis in RFS
rates. Observed relapse patterns included lung metastasis
in three (4.8%), liver metastasis in one (1.6%), local

TABLE 2 Operative results of patients with rectal

cancer (n = 62)

Characteristics
n (%) or median
[range]

Type of operation

High anterior resection 3 (4.8)

Low anterior resection 39 (62.9)

Intersphincteric resection 8 (12.9)

Abdominoperineal resection 12 (19.4)

Lateral lymph node dissection 4 (6.5)

Diverting ileostomy 41 (82.0a)

Blood flow test by using ICG 27 (54.0a)

Operative time, min 357 [202–747]

Without lateral lymph node
dissection

355 [202–682]

With lateral lymph node
dissection

626 [480–747]

Console time 198.5 [108–340]

Blood loss, ml 10.5 [5–394]

Without lateral lymph node
dissection

6 [5–394]

With lateral lymph node
dissection

125 [5–270]

Transfusion 0 (0.0)

Conversion to laparotomy 0 (0.0)

Combined resection 0 (0.0)

Days to soft diet, d 1 [1–34]

Postoperative hospital stay, d 10 [6–62]

Adjuvant chemotherapy 18 (52.9b)

Abbreviation: ICG, indocyanine green.
aData were analyzed in patients with anterior resection and intersphincteric
resection.
bData were analyzed in pathological stage II and III patients.
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recurrence in two (3.2%), distant lymph node including
para-aortic lymph node metastasis in three (4.8%), and
peritoneal dissemination in one patient (1.6%). Surgery
was performed in one (stage III) patient who developed
lung metastasis, while two (stages II and III) patients
underwent systemic chemotherapy. Hepatectomy was
performed in one (stage III) patient who developed liver
metastasis. Surgical resection was performed in one
(stage II) patient who developed local recurrence, while
one (stage III) patient underwent radiation therapy. Dis-
tant lymph node including para-aortic lymph node
metastasis developed in three (stage III) patients, while
one (stage III) patient developed peritoneal dissemination

and subsequently underwent systemic chemotherapy for
recurrent disease.

4 | DISCUSSION

As this long-term patient follow-up examined patients
who were operated on by only two certified surgeons in a
single center, this made it possible to avoid any con-
founding effects related to different surgical procedures
and abilities associated with several surgeons. The first
20 patients almost formed a learning phase for two sur-
geons in the analysis of the learning curve for RALS
without LLND. To clarify whether there are differences
for short- and long-term outcomes among the period in
this study, we subanalyzed the short- and long-term out-
comes for RALS by comparing the results in the periods
between the learning phase and the experienced phase.
The learning phase (LP) was defined as the period during
which two surgeons performed the RALS until there
were 20 patients, and the experienced phase (EP) was
defined as each period during which two surgeons per-
formed the RALS after 20 patients. The number of
patients in the LP and EP period were 40 and 18, respec-
tively. There were no significant differences in baseline
characteristics between the groups. The median operative
time in the LP period and in the EP period were 358 and
333 min, respectively (p = 0.1160). The median console
time in the LP period and in the EP period were 210.5
and 180.5 min, respectively (p = 0.0669). In short-term
outcomes, the median blood loss in two periods were
16 and 5 ml (p = 0.3689), the rate of conversion to open
laparotomy in two periods were 0% and 0%, the rate of

FIGURE 2 Learning curve. (a) Graph of raw operative times plotted and spline curve for each of the 32 consecutive patients who

underwent RALS without LLND by surgeon A. (b) Graph of raw operative times plotted and spline curve for each of the 26 consecutive

patients who underwent RALS without LLND by surgeon B

TABLE 3 Postoperative complications of patients with rectal

cancer (n = 62)

Characteristics n (%)

Overall, CD classification in all grades 12 (19.4)

Anastomotic leakage 6 (12.0a)

Small bowel obstruction 1 (1.6)

Wound infection 3 (4.8)

Urinary retention 0 (0.0)

Chyle ascites 1 (1.6)

diarrhea 1 (1.6)

Bleeding 0 (0.0)

Pneumonia 0 (0.0)

CD classification ≥Grade III 5 (8.1)

Reoperation 1 (1.6)

30-day postoperative mortality 0 (0.0)

Abbreviation: CD, Clavien–Dindo.
aData were analyzed in patients with anastomosis.
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postoperative complications (CD classification in all
grades) in two periods were respectively 22.5% and 16.7%
(9/40 vs 3/18, p = 0.6065), the rate of anastomotic leak-
age in two periods were respectively 12.1% and 13.3%

(4/33 vs 2/15, p = 0.9068), the median DM in two periods
were respectively 29.0 and 30.2 mm (p = 0.8257), the rate
of positive radial margin in the two periods were 0% and
0%, respectively, and the mean number of lymph nodes
harvested in two periods were 14.5 and 15.1 (p = 0.8055),
respectively. In long-term outcomes, the 3-y RFS in the
LP period and in the EP period were 89.4% and 83.3%
(p = 0.4205), respectively, and the 3-y LRR in two periods
were 2.5% and 0.0% (p = 0.5023), respectively. Although
the operative time and console time in the LP period
slightly tended to be longer compared with those in the
EP period, the significant differences in the short- and
long-term outcomes were not observed in the periods
between the LP and the EP groups. Even though this
study required initial learning curves for two surgeons,
our results demonstrated that RALS for rectal cancer was
possible without any conversions to open laparotomy,
with only a small amount of blood loss, requiring no
transfusions, having an early recovery of bowel function,
a low rate of complications, no positive resection margins,
and good long-term oncological outcomes.

However, this study was not a comparative study
designed to determine if RALS, CLS, or OS was better. In
order to determine if the present findings were appropri-
ate, we decided to compare our RALS outcomes to previ-
ous large RCTs (the COREAN trial,1,3 the COLOR II
trial,2,4 and the ALaCaRT trial6,28), which compared CLS
with OS for rectal cancer, and to the ROLARR trial,7

which compared CLS with RALS for rectal cancer. Analy-
sis of these four RCTs found that the CLS group had a
mean or median operative time of 210–261 min, while
the times in the OS group were 188–197 min, and
298.5 min in the RALS group. The median operative time
of the RALS patients in our study who did not undergo
LLND was 355 min, while the median console time was
198.5 min. Our operative time required an additional
156.5 min compared to the console time. Several previous
studies that examined operative times for CLS and OS as
compared to RALS for rectal cancer determined that
there was a significantly longer operative time for
RALS.18,29–32 Consistent with the results of these previous
studies, our results showed that RALS had a longer oper-
ative time. The reason for this prolonged RALS operative
time can be primarily attributed to the time required to
dock the robotic system, change instruments, and undock
the system if the patient's position needs to be changed.
Previous studies including RCT and case-matched analy-
sis reported that the operative times were 288–339 min in
RALS for rectal cancer, and the median operative time in
this study was slightly longer than that in the previous
studies.7,18,29,30 This might be attributed to our results for
the RALS procedure that included the learning curve
period, which has been previously reported to range from

TABLE 4 Pathological findings of patients with rectal

cancer (n = 62)

Characteristics
n (%) or
mean ± SD

Tumor size, mm 36.3 ± 16.0

Histological grade

G1-2 (pap/tub)a 61 (98.4)

G3 (muc/por/sig)b 1 (1.6)

Lymphatic invasion

Presence 21 (33.9)

Absence 41 (66.1)

Vascular invasion

Presence 35 (56.5)

Absence 27 (43.5)

Proximal margin, mm 164.2 ± 56.8

Distal margin, mm 28.5 ± 17.8

Positive radial margin 0 (0.0)

Number of lymph nodes harvested 15.8 ± 10.0

Without lateral lymph node
dissection

14.7 ± 9.0

With lateral lymph node dissection 32.3 ± 10.4

p/yp T stagec

T0/Tis 3 (4.8)

T1 21 (33.9)

T2 13 (21.0)

T3 20 (32.3)

T4 5 (8.1)

p/yp N stagec

N0 40 (64.5)

N1 17 (27.4)

N2 5 (8.1)

p/yp Stagec

0/pCR 2 (3.2)

I 26 (41.9)

II 12 (19.4)

III 22 (35.5)

IV 0 (0.0)

aPapillary adenocarcinoma / well or moderately differentiated tubular
adenocarcinoma.
bMucinous adenocarcinoma / poorly differentiated adenocarcinoma / signet-

ring cell carcinoma.
cPathological stage, TNM Classification of Malignant Tumors, Eighth
Edition.
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20 to 75 cases.33–37 Actually, the first 20 patients almost
formed the learning phase in this study. Thus, our opera-
tive time could potentially be shortened, provided we
have personnel with expertise experience such as work-
ing with the camera and manipulation of the robotic for-
ceps, in conjunction with additional practice in setting up
the robotic system.

The technical complexity of MIS is reflected by the
conversion rate to open laparotomy. It is clinically impor-
tant that a low conversion rate to open laparotomy be
achieved, as patients are more likely to develop postoper-
ative complications and local recurrence after conversion
to open laparotomy.38,39 In the COREAN trial,1 the CLS
group was reported to have a 1.2% rate of conversion to
open laparotomy, while it was 16% in the COLOR II
trial,2 9% in the ALaCaRT trial,6 and 12.2% in the
ROLARR trial.7 With the exception of the COREAN trial,
in which all procedures were conducted by highly skilled
specialists, in the CLS groups there were relatively high
rates of conversion to open laparotomy. In contrast to
these previous trials, our results were remarkable in that
our study had no patients in which there was a conversion

to open laparotomy from RALS. While the superiority of
the conversion rate to open laparotomy in RALS versus
CLS (p = 0.16) was not demonstrated in the ROLARR trial,
a lower conversion rate for RALS versus CLS has been
reported by several other meta-analyses.31,32,40–42

The median blood loss reported by the three large
RCTs, the COREAN trial,1 the COLOR II trial,2 and the
ALaCaRT trial,6 was 100–200 ml in the CLS group, while
it was 150–400 ml in the OS group. The median or mean
blood loss in the case-matched analysis that previously
reported in RALS for rectal cancer were 15.0–
49.6 ml.10,13,14 In contrast, there was an extremely low
blood loss, with a median amount of 10.5 ml without any
transfusions in our study. When the RALS group was
compared to the CLS and OS groups in other previous
studies, the results similarly showed that there was less
blood loss in the RALS group.9–11,13,14,17

The complication rates in the previous four large
RCTs were 21.2%–40.0% in the CLS group, 23.5%–37.0%
in the OS group, and 33.1% in the RALS group.1,2,6,7 In
addition, evaluation of the anastomotic leakage and uri-
nary retention found that the rates were 1.2%–13.0% and

FIGURE 3 Survival rate and local recurrence rate. (a) Overall survival rate according to the pathological stage with the number at risk.

(b) Relapse-free survival rate according to the pathological stage with the number at risk. (c) cumulative local recurrence rate with the

number at risk. 3Y-OS, 3-y overall survival, 3Y-RFS, 3-y relapse-free survival, 3Y-LRR, 3-y local recurrence rate
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6.1%–10.0% in the CLS group, 0.0%–10.0% and 4.1% in
the OS group, and 12.2% and 7.2% in the RALS group,
respectively.1,2,6,7 Postoperative complications exhibited a
relatively low rate in the present study (19.4%) in addi-
tion to having a similar anastomotic leakage rate (12.0%)
when compared to the outcomes of the four RCTs. More-
over, urinary retention did not occur in any of our
patients. The robotic system makes it possible to accurately
perform anatomical dissections within a deep and narrow
pelvis, thereby helping to ensure that there would be greater
preservation of pelvic autonomic functions. The potential
benefits that have been reported for RALS in previous studies
included a lower complication rate, shorter postoperative
hospital stay, and more favorable functional results and
numerous studies have discussed multiple factors associated
with the robotic approach that appear to make it more
advantageous as compared to the conventional laparoscopic
approach for rectal cancer.8,10,12,13,29,31,41–43 This was also
observed in the present study, as our results showed that the
number of days to a soft diet along with the postoperative
hospital stay were similar or even better versus that seen for
the outcomes of RCTs.1,2,6,7

The results of our analysis indicated that there were
remarkable outcomes for the resection margin status,
with none of the patients found to have positive RM, PM,
or DM. Comparison of the outcomes with regard to the
distance of the PM and DM in our study were similar to
that reported in the RCTs.1,2,6 The number of harvested
lymph nodes reported by the four large RCTs were 13–24
in the CLS group and 14–18 in the OS group,1,2,6,7 which
were similar to that found in the present study (15.8).
Thus, when evaluating the quality of oncological
resection between our results for the RALS group and the
outcomes of the RCTs reported for the CLS and OS
groups, the results were comparable. Even so, other
pathological parameters, such as circumferential
resection margin (CRM), which is an important predictor
of oncological prognosis, will need to be evaluated in
further studies.

In the COREAN trial,3 there was a 2.6% local recur-
rence rate at 3 y in the CLS group, while it was 4.9% in
the OS group. In the COLOR II trial,4 there was a 5%
local recurrence rate at 3 y in the CLS and OS groups.
The previous cohort studies in RALS for rectal cancer
reported that there were 0.5%–3.5% local recurrence rate
at 5 y.20,21 In the present study, we found there was a
3.4% local recurrence rate at 3 y. The RFS rate and overall
survival rate at 3 y in the COREAN trial3 were 79.2% and
91.7% in the CLS group, and 72.5% and 90.4% in the OS
group, respectively. For the COLOR II trial,4 the RFS rate
and overall survival rate at 3 y in the CLS group were
74.8% and 86.7%, while they were 70.8% and 83.6% in the
OS group, respectively. The 3-y RFS and the 3-y overall

survival rates for the present study were 85.0% and 96.8%,
respectively. Thus, there were similar outcomes for the
local recurrence rates between these studies and our
study, in addition to also finding slightly favorable RFS
and overall survival rates as compared to the outcomes of
the RCTs. The previous cohort studies in RALS for rectal
cancer reported that the 5-y RFS rate according to the
pathological stage I/II/III were 93.5–93.6%/75.0–
100%/77.6–83.8%.20,21 Although the median follow-up
duration in this study was slightly shorter than those in
the previous studies, our long-term outcomes were com-
parable (3-y RFS according to pathological stage 0/I/pCR
vs II vs III: 96.4% vs 83.3% vs 71.8%). In another previous
study, the propensity score matching was used to analyze
the results and reported that RALS appeared to be a good
prognostic factor as compared to CLS for overall survival
and for cancer-specific survival, which suggests there
may be potential oncological benefits.30 On the other
hand, a meta-analysis found comparable oncological out-
comes for overall survival when the RALS and CLS
groups were examined.31 However, to definitively prove
these results, a longer follow-up duration and further
studies including large RCTs will need to be conducted in
order to reveal the true long-term oncological outcomes.
If the future studies demonstrate the superiority for
RALS in terms of long-term outcomes compared to other
approaches, RALS including remote surgery might be
changed and replaced as a standard approach in surgery
for rectal cancer from now on.

The good short- and long-term outcomes found in the
present study demonstrated both the safety and technical
feasibility of RALS for rectal cancer. However, there were
some limitations. First, this retrospective study only
included 62 patients and was not a comparative study. In
order to confirm the effectiveness in terms of short- and
long-term outcomes for RALS compared with CLS and
OS, larger RCTs will need to be conducted. The second
limitation of the present study was that the median
follow-up duration was only 40.5 mo. As a result, it
will be essential to conduct a longer follow-up in
order to demonstrate conclusive evidence concerning
the clinical benefits for RALS. Third, we did not assess
sexual function, with only voiding function evaluated.
Fourth, although we examined pathological parame-
ters for the assessment of surgical and oncological
quality by evaluating PM, DM, and RM, we did not
examine the CRM. Thus, our pathological analysis
could be inadequate for the purposes of assessing the
completeness of TME quality. Finally, the total cost of
RALS was not assessed. A definitive evaluation of this
treatment modality versus CLS and OS will need to be
conducted with regard to the cost-effectiveness of
these methodologies.
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In conclusion, this single-center retrospective cohort
study demonstrated that the use of RALS for rectal can-
cer was both safe and technically feasible in addition to
having favorable short- and long-term outcomes.
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