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Abstract
Purpose Because there are few comparative studies of open,
laparoscopy-assisted (LA), and robot-assisted (RA) total
mesorectal excision (TME) for rectal cancer, we aimed to
compare these three procedures in terms of sphincter-saving
operation (SSO) achievement, surgical complications, and
early oncological outcomes.
Methods The short-term outcomes of 2114 patients with rec-
tal cancer consecutively enrolled between July 2010 and
February 2015 at Asan Medical Center (Seoul, Korea) were
retrospectively evaluated. Patients underwent either open, LA,
or RATME (n=1095, 486, and 533, respectively) performed
by experienced surgeons.
Results RA TME was a significant determinant of SSO in
multivariate analysis that included potential variables such as
tumor location and T4 category (odds ratio, 2.458; 95 % con-
fidence interval, 1.497–4.036; p< 0.001). The cumulative
rates of 3-year local recurrence, overall survival, and
disease-free survival did not differ among the three groups:
2.5–3.4, 91.9–94.6, and 82.2–83.1 % (p=0.85, 0.352, and
0.944, respectively). Early general surgical complications

occurred more frequently in the open group than in the LA
and RA groups (19.3 versus 13.0 versus 12.2 %, p<0.001),
specifically ileus and wound infection.
Conclusions There were no significant differences in 3-year
survival outcomes and local recurrence among open, LA, and
RATME. RATME is useful for SSO achievement, regardless
of advanced stage and location of rectal cancer. The open
procedure had a slightly but significantly higher incidence of
postoperative complications than LA and RA.
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Introduction

Treatment of rectal cancer patients has been focused on reduc-
ing local recurrence and increasing the use of sphincter-saving
operation (SSO). Total mesorectal excision (TME), which in-
volves complete removal of the mesorectal envelope en bloc
with the rectum, is considered a prerequisite procedure be-
cause it decreases local recurrence to as low as 4–6 % [1–3].
On the other hand, multimodal treatment that includes preop-
erative chemoradiotherapy (CRT) clearly improves local tu-
mor control, even in patients who undergo TME3. Tumor
downstaging after concurrent preoperative CRT additionally
enables SSO to include ultra-low anterior resection (ULAR)
with coloanal anastomosis in a large number of patients [4].
Along with these treatment advances, the use of minimally
invasive laparoscopy- and robot-assisted (LA and RA) proce-
dures continues to grow due to their mechanical benefits,
chiefly, a magnified field and increased accessibility in rectal
cancer operations performed at the restrictive pelvis and deli-
cate fascia.
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Compared with open TME, LA TME showed similar
disease-free survival (DFS) and overall survival (OS) out-
comes in several randomized trials, as well as similar recur-
rence rates from 3 to 10 years of follow-up [5–7]. LA TME
tends to achieve less intraoperative hemorrhage, shorter hos-
pitalization, and faster bowel recovery than open TME, but
has mixed results regarding SSO achievement, completeness
of mesorectal excision, and circumferential resection margin
positivity (CRM+) [8, 9]. However, these trials could be partly
imprecise due to an innate bias of patient selection. For exam-
ple, in the COLOR II trial [6], LATME was not recommended
in T4 or T3 rectal cancer patients with threatened circumferen-
tial margins. In addition, LATME remains technically demand-
ing, mainly due to awkward instrumental handling due to the
levering effect. The success of robot platforms has gradually
increased in the last decade, and they now achieve equivalent
oncological and functional outcomes in terms of TME, SSO,
and survival [10, 11]. Although these results are mostly based
on studies of retrospective case series, the RA procedure seems
to facilitate safe and efficient rectal cancer surgery by offering
excellent pelvic visualization and instrumental dexterity.
However, a longer operative time and higher cost compared
with open and LATME are the limitations.

Unfortunately, the relatively well-designed ROLARR trial
(https://clinicaltrials.gov/ct2/show/NCT01736072) did not
suggest any remarkable differences between RA and LA
rectal cancer surgery in its early report, noting the
heterogeneity of technical skills among participating
surgeons (minimal requirement of ten LA and ten RA
cases). Few integrative studies have compared the open, LA,
and RA approaches. Accordingly, the aim of our study,
conducted in a high-volume institution and involving experi-
enced surgeons, was to compare SSO achievement, surgical
complications, and early oncological outcomes among these
three approaches.

Methods

Patient enrolment and preparation

A consecutive cohort of 2114 patients with rectal cancer was
enrolled in the present study between July 2010 and February
2015 at Asan Medical Center, Seoul, Korea, and retrospec-
tively reviewed to be analyzed. Eligibility criteria were cura-
tively resected adenocarcinoma of the rectum (≤stage III), an
Eastern Cooperative Oncology Group performance status of
0–3, and an age ≤75 years. Patients were excluded if they had
a previous history of any cancer, hereditary colorectal cancer,
or inflammatory bowel disease. Patients were provided with
full information on the three procedures (open, LA, and RA
approaches) and chose one (n=1095, 486, and 533, respec-
tively). The disease extent was assessed by clinical

examination, colonoscopy, chest radiography, chest and
abdominopelvic computed tomography, pelvic magnetic res-
onance imaging, endorectal ultrasonography, and computed
tomography/positron emission tomography. Preoperative
CRT was principally indicated for patients with clinical stage
III or T4 cancers but was ultimately determined by the sur-
geon. Postoperative CRTwas administered in pathologic stage
III patients without preoperative CRT. Patients with preoper-
ative or postoperative CRT received a total of 45–50.4 Gy
with FL (5-FU + leucovorin) or capecitabine. All patients
provided written informed consent, and the study protocol
was approved by the Institutional Review Board of Asan
Medical Center (registration number: 2015-0973) in accor-
dance with the Declaration of Helsinki.

Operative procedures

All three procedures included TME with at least unilateral
pelvic autonomic nerve preservation. Briefly, the open proce-
dure was similar to the LA or RA procedures except for two
points: the abdominal procedure was performed via a lateral
approach and the pelvic procedure involved spiral dissection,
as described previously [12]. Meanwhile, the LA and RA
procedures were performed with full LA and RA colorectal
mobilization via a medial approach, and the pelvic procedure
involved alternative right and left dissections. The SSO was
maximized by ULAR with or without intersphincteric resec-
tion (ISR), reducing abdominoperineal resection (APR) [13].
The double-stapling technique was mostly used for anorectal
excision and anastomosis, except for hand-sewn anastomosis
in the case of total or subtotal ISR. Finally, any cross or weak
stapling points could be safely reinforced using manual su-
tures to prevent anastomotic leakage. The current procedures
were not accompanied by a colonic J-pouch or coloplasty, and
a diverting stoma was created at the surgeon’s discretion.
The open procedure was performed by six qualified sur-
geons with 5–30 years of experience and 100–250 rectal
cancer operations, whereas the LA and RA procedures
were performed by six and three surgeons, respectively, with
experience of at least 100 LA and 30 RA approaches, in
addition to previous open experience.

Follow-up and outcome evaluations

All patients were regularly evaluated in a follow-up examina-
tion every 6months for the first 3 years and annually thereafter
until five postoperative years. Recurrence was confirmed
either by imaging studies or histologic examinations. Local
recurrencewas defined by tumor relapse confined to the pelvis
medial to the external iliac artery, whereas systemic recurrence
was defined by any other relapses. The occurrence and grade
[14] of general surgical complications were identified and
divided into two periods of ≤1 postoperative month and
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thereafter. The completeness of TME was primarily examined
by the respective surgeon and confirmed by the two patholo-
gists. Distal resection margins (DRMs) and CRMs were de-
termined as positive involvement if the distance between the
deepest extent of the tumor cells and the closest margins were
≤5 and ≤1 mm on microscopic examination, respectively.
Male sexual dysfunction was assessed at two postoperative
years in 598 patients (61.8 %) who were ≤65 years old
(open/LA/RA groups: 235/125/141 patients) by evaluating
both erectile firmness and ejaculatory frequency using a visual
analogue scale: none–mild dysfunction (0–1), moderate dys-
function (2–3), or severe dysfunction (4–5). Anorectal ma-
nometry was performed with the patients’ consent
(open/LA/RA groups: 182/51/251 patients) at baseline and
at 6–12 postoperative months (2 months after restoration of
intestinal continuity).

Statistical analysis

Physical and clinicopathological variables in the three groups
were compared by cross-table analysis using Pearson’s χ2 test
and Fisher’s exact test with two-sided verification or an un-
paired Student’s t test and an analysis of variance (ANOVA)
test, as appropriate. Potential variables were verified by mul-
tivariate analysis using binary logistic regression. Survival
outcomes and recurrences were compared using the Kaplan–
Meier method with the log-rank test. Statistical significance
was set at p<0.05. All analyses were carried out using the
SPSS software (version 21; SPSS Inc., Chicago, IL, USA).

Results

Physical status and tumor characteristics

Physical and tumor characteristics are presented in Table 1.
The mean age and comorbidity rate were somewhat lower in
the RA group than those in the open and LA groups, whereas
ASA status and the prior abdominal operation rate were lower
in the LA group than those in the open and RA groups. Rates
of preoperative or postoperative CRTand stage III tumor were
significantly lower in the LA group than in the open and RA
groups (p<0.001). Lower rectal cancer was most frequent in
the RA group, followed by the open group and then the LA
group (p<0.001). A similar pattern was also found for the
mean tumor distance from the anal verge, which was lowest
in the RA group (p<0.001).

Surgery-related outcomes

Procedure-associated results are shown in the first half of
Table 2. SSOwas accomplished in more than 95% of patients
in the LA and RA groups (p<0.001). Specifically in lower

rectal cancers, APR was >2.5-fold more frequently performed
in the open group than in the LA and RA groups (open versus
LA versus RA: 27.5 versus 10.5 versus 10.1 %; p<0.001).
Tumor location was a significant determining factor for SSO
achievement (lower versus middle and upper rectal cancers:
80.2 versus 99.8 %; p<0.001). RAwas one of the significant
parameters determining SSO in multivariate analysis (odds
ratio [OR], 2.458; 95 % confidence interval [CI], 1.497–
4.036; p<0.001) (Tables 3 and S1). ISR was also more fre-
quently performed in the RA group than in the open and LA
groups (p< 0.001). The mean anastomosis level was thus
shorter from the anal verge in the RA group than in the open
and LA groups (p<0.001). Conversion to open surgery was
significantly more frequent in the LA group than in the RA
group (7.2 versus 0.2 %; p<0.001). The causes of conversion
were advanced cancer (40 %), difficult mobilization (28 %),
dense adhesion (24 %), and others (one case each of marginal
artery injury and anastomotic failure). The mean operative
time was approximately 1 h longer in the RA group than in
the open and LA groups (p<0.001), but the mean console
time in the RA group was only 66 min. Diverting ileostomy
was also performed in approximately one third of patients in
the open and RA groups, more frequently than the LA group,
which included fewer patients with lower rectal cancer and
preoperative CRT. Controllable intraoperative bleeding oc-
curred in less than 5 % of patients without a significant differ-
ence among the three groups.

Pathological features

The pathological features are summarized in the second half
of Table 2. Pathologic stage I tumor was significantly more
common in the LA group than in the other two groups
(p<0.001). The mean number of retrieved lymph nodes did
not differ between the open and RA groups (>20). The mean
lymph node harvest was higher, and the numbers of
expanding tumors and lymphovascular invasion-positive pa-
tients were greater in the LA group than in the open and RA
groups. The CRM involvement rate (<2.5 %) did not differ
among the three groups. The mean DRM was longer than
20 mm in the three groups, and it was a little longer in the
LA group than in the open and RA groups (p=0.019).

Postoperative outcomes

Postoperative outcomes, including surgical complications, are
shown in Table 4. Operative mortality (i.e., within ≤1 month
of surgery) did not occur in any patient. The pain score at
postoperative day 1 was lower in the LA and RA groups than
that in the open group (p<0.001). The mean hospital stay was
approximately 1 day longer in the open group than that in the
LA and RA groups (p<0.001). Early general surgical compli-
cations (i.e., within ≤1 month of surgery) occurred more
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frequently in the open group than in the LA and RA groups
(19.3 versus 13.0 versus 12.2 %; p<0.001), and ileus and
wound infection was remarkable in the open group
(p= 0.001 and 0.003, respectively). Anastomotic leakage
occurred in <5 % of patients in the three groups and was
slightly more frequent in the LA group than in the RA group
(4.3 versus 2.1 %; p=0.047). On the other hand, the incidence
of delayed general surgical complications (i.e., within
>1 month of surgery) did not differ among the three groups,
except for incisional hernia, which was exclusively identified
in the open group (p=0.038). The grades of surgical compli-
cations did not differ among the three groups, regardless of the
postoperative period. Postoperative ileus was significantly as-
sociated with concurrent ileal diversion (OR, 2.603; 95 % CI,
1.478–4.584; p= 0.001) and male patients in multivariate
analysis (OR, 1.775; 95 % CI, 1.092–2.887; p=0.021) (the
first half of Table S2). Anastomotic complications, including
leakage, abscess, fistula, and stricture, were significantly as-
sociated with male patients in multivariate analysis (OR, 1.85;
95 % CI, 1.049–3.263; p = 0.034) (the second half of
Table S2). Stoma reversion was not possible during the entire
follow-up period in 26 patients with temporary ileal diversion
(3.9%) or with anastomotic complications (48.1 %), without a
difference among the three groups.

Bowel function was recovered earlier in the LA and
RA groups than that in the open group (p < 0.001).
Basic manometry factors, including maximal resting
pressure (MRP), maximal squeezing pressure, urge to
defecate volume, and maximal tolerance volume, were
recovered to up to 81.7–99.1 % of the preoperative
level between 6 and 12 months postoperatively in the
485 patients (<70 years) who consented to the manom-
etry (Fig. S1). The MRP resumption was greatest in the
LA group (p= 0.016), but the recoveries of the other
three factors did not differ significantly among the three
groups. Moderate-to-severe sexual dysfunction occurred
more frequently in the open group than in the RA group
(32.5 versus 19.1 %; p = 0.004) in male patients
≤65 years. However, male sexual dysfunction was not
associated with preoperative CRT.

Recurrences and survival outcomes

The cumulative rates of 3-year local recurrence did not differ
among the three groups and were situated at 2.7, 3.4, and
2.5 % in the open, LA, and RA groups, respectively
(p=0.85) (Fig. 1a). The 3-year local recurrence rate was close-
ly related to postoperative hemorrhage (OR, 14.02; 95 % CI,

Table 1 Physical and
tumor characteristics Parameters (%)a Open, n= 1095 LA, n= 486 RA, n= 533 p valueb

Sex, male/female 700/395
(63.9/36.1)

302/184
(62.1/37.9)

333/200
(62.5/37.5)

0.74

Age (years) 59 ± 9 58± 9 55 ± 9 <0.001

Comorbidity 518 (47.4) 230 (47.4) 196 (37) <0.001

ASA status, I + II/III 1075/20 (98.2/1.8) 485/1 (99.8/0.2) 524/9 (98.3/1.7) 0.035

BMI (kg/m2) 23.8 ± 3.1 23.8 ± 3 24.1 ± 3.1 0.203

Prior abdominal
operation

168 (15.5) 50 (10.3) 79 (15) 0.020

Preoperative s-CEA
(ng/ml)

4.3 ± 11.2 4.2 ± 16.7 3.4 ± 8.3 0.388

Preoperative CRT 553 (50.5) 61 (12.6) 172 (32.3) <0.001

Postoperative CRT 196 (17.9) 66 (13.6) 181 (34) <0.001

cStagec, 0–III 13/164/197/721
(1.2/15/18/65.8)

16/190/85/195
(3.3/39.1/17.5/40.1)

10/137/101/285
(1.9/25.7/18.9/53.5)

<0.001

Tumor locationd, U/M/L 112/554/429
(10.2/50.5/39.2)

128/272/86
(26.3/56/17.7)

45/229/258
(8.5/43/48.5)

<0.001

Tumor distance from
AV (cm)

6.2 ± 3.1 8.2 ± 3 5.6 ± 3.3 <0.001

Tumor longest
diameter (cm)

3.4 ± 2.2 3.4 ± 2.3 3.4 ± 1.9 0.979

LA laparoscopy-assisted, RA robot-assisted, ASA American Society of Anesthesiologists, BMI body mass index,
s-CEA serum carcinoembryonic antigen, CRT chemoradiotherapy, cStage clinical AJCC stage, AV anal verge,
U/M/L upper/middle/lower rectal cancer
a Values in parentheses are percentages and continuous values are mean± standard deviation
bAll parameters were compared using Pearson’s χ2 and unpaired t tests
c Clinical cancer staging according to the American Joint Committee on Cancer (seventh ed., 2010). Preoperative
clinical staging was determined by computed tomography and magnetic resonance imaging
dU/M/L rectal cancer: located within >10 to ≤15, >5 to ≤10, and ≤5 cm of the AV, respectively
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2.592–75.84; p=0.002), DRM+ (OR, 13.4; 95 % CI, 2.319–
77.439; p=0.004), anastomotic complications (OR, 5.514;
95 % CI, 1.416–21.475; p=0.014), and tumor location (OR,
0.364; 95 % CI, 0.134–0.989; p=0.047) in multivariate anal-
ysis (Table S3). The cumulative rates of the 3-year systemic
recurrence did not differ among the three groups and were
16.7, 13.6, and 17.8 % in the open, LA, and RA groups,
respectively (p=0.5) (Fig. 1b). Among 161 patients with sys-
temic recurrence, the lung (10.5 %) was the most frequent site
of metastasis, followed by the liver (6.2 %), systemic lymph
nodes (3.1 %), peritoneal seeding (0.8 %), bone (0.7 %), and
brain (0.3 %).

The 3-year OS and DFS rates did not differ among the three
groups (open versus LA versus RA: 3-year OS, 91.9 versus
94.4 versus 94.6 %, p=0.352; 3-year DFS, 82.2 versus 83.1

versus 82.2 %, p=0.944) (Fig. 1c, d). No survival differences
were identified among the three groups according to the re-
spective pathologic stage (0–I/II/III, p=0.145–0.9) (Fig. S2).

Discussion

In our current study, the LA group included lesser patients
with advanced and lower rectal cancer and, consequently, less-
er patients who received preoperative and postoperative CRT,
compared with open and RA groups. The LA procedure tends
to be preferred for upper rectal cancers and lesser advanced
tumors, irrespective of the surgeon’s competence with the LA
procedure. Because the RA group was significantly correlated
with SSO achievement in multivariate analysis that included

Table 2 Operation-associated
outcomes and pathological
features

Parameters (%)a Open, n = 1095 LA, n= 486 RA, n = 533 p valueb

Operation-associated outcomes

APR/LAR/ARc 120/942/33 (11/86/3) 10/427/49
(2.1/87.9/10.1)

26/503/4
(4.9/94.4/0.8)

<0.001

ISR/all ULARd 145/553 (26.2) 12/133 (9) 249/321 (77.6) <0.001

Anastomosis from
AV (cm)

4.3 ± 2.1 5.8 ± 2.2 3.5 ± 1.9 <0.001

Conversion to open n.a. 25 (5.1) 1 (0.2) <0.001

Total operative time
(min)

126 ± 43 127 ± 35 189 ± 52 (66 ± 18e) <0.001

Transfusion
>400 ml

54 (4.9) 12 (2.5) 20 (3.8) 0.067

Diverting ileostomy/
SSO

393/975 (40.3) 65/476 (13.7) 202/507 (39.8) <0.001

Pathological features

pAJCC stagef, 0–III 105/320/329/341
(9.6/29.2/30/31.1)

28/204/104/150
(5.8/42/21.4/30.9)

43/191/129/170
(8.1/35.8/24.2/31.9)

<0.001

No. of retrieved LNs 21.3 ± 9.5 20.9 ± 8.5 23.2 ± 10 <0.001

No. of metastatic
LNs

1 ± 2.4 0.9 ± 2.3 1.1 ± 2.7 0.41

Growth, E/I 605/480 (55.8/44.2) 405/80 (83.5/16.5) 343/177 (66/34) <0.001

Differentiation,
W/M/PD

172/873/45 93/381/10 92/414/26 0.08

DRM (mm) 24.4 ± 15.8 24.2 ± 18.2 26.8 ± 15.5 0.019

DRM+, ≤5 mm 13 (1.2) 6 (1.2) 5 (0.9) 0.878

CRM+, ≤1 mm 26 (2.4) 5 (1.1) 8 (1.5) 0.153

LVI+ 199 (18.4) 129 (27.8) 114 (21.4) <0.001

PNI+ 166 (15.4) 73 (15.8) 80 (15) 0.941

LA laparoscopy-assisted, RA robot-assisted, APR abdominoperineal resection, LAR lower anterior resection, AR
anterior resection, ISR intersphincteric resection, ULAR ultra-low anterior resection, n.a. not applicable, SSO
sphincter-saving operation, E/I expanding/infiltrative, W/M/PD well/moderately/poorly differentiated, DRM
distal resection margin, CRM circumferential resection margin
a Values in parentheses are percentages and continuous values are mean± standard deviation
bAll parameters were compared using Pearson’s χ2 and an analysis or variance (ANOVA) tests
c LAR/AR: distal rectal resection below and above the level of the peritoneal reflection, respectively
dULAR: distal rectal resection below and at the level of the puborectal ring
e The value in the parenthesis indicates the total console time in RA
f Pathological cancer staging according to the American Joint Committee on Cancer (seventh ed., 2010)
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Table 3 Parameters
associated with SSO
achievement

Parametersa SSO achievement p valueb OR 95 % CI p valuec

Tumor location,
U + M versus L

1337/1440 vs. 620/773
(99.8 vs. 80.2)

<0.001 74.594 21.852–254.64 <0.001

Preoperative CRT,
no versus yes

1316/1328 vs. 642/786
(99.1 vs. 81.7)

<0.001 0.139 0.067–0.292 <0.001

Procedure, open +
LA versus RA

1451/1581 vs. 507/553
(91.8 vs. 95.1)

0.01 2.458 1.497–4.036 <0.001

pT, 1–3 vs. 4 1897/2042 vs. 61/72
(92.9 vs. 84.7)

0.018 0.108 0.032–0.366 <0.001

Tumor growth, E/I 1315/1353 vs. 623/737
(97.2 vs. 84.5)

<0.001 1.017 0.622–1.662 0.946

LVI, no versus yes 1501/1633 vs. 420/442
(91.9 vs. 95)

0.030 0.544 0.3–0.988 0.046

Transfusion >400 ml,
no versus yes

1890/2028 vs. 68/86
(93.2 vs. 79.1)

<0.001 0.46 0.216–0.978 0.044

SSO sphincter-saving operation, APR abdominoperineal resection, OR odds ratio, CI confidence interval,
U/M/L upper/middle/lower, CRT chemoradiotherapy, LA laparoscopy-assisted,RA robot-assisted, pT pathologic
T category, E/I, expanding/infiltrative, LVI lymphovascular invasion
a Values in parentheses are percentages
b All parameters were compared using Fisher’s exact test with two-sided verification
c Potential variables were verified by multivariate analysis using binary logistic regression

Table 4 Postoperative outcomes

Parameters (%)a Open, n= 1095 LA, n= 486 RA, n = 533 p valueb

Pain score by VASc, PO day 1 5.1 ± 2 4.1 ± 1.8 4.3 ± 1.9 <0.001

Flatus passage, PO days 2.5 ± 1 1.9 ± 0.9 1.8 ± 0.9 <0.001

Hospitalization, days 7.6 ± 3.5 6.2 ± 1.8 6.6 ± 2.9 <0.001

General surgical complications, early, ≤PO 1 month 211 (19.3) 63 (13) 65 (12.2) <0.001

Grades I–Vd 76/106/30/1/0 21/29/12/0/0 25/35/10/0/0 0.946

Anastomotic leakage 34 (3.1) 21 (4.3) 11 (2.1) 0.117e

Ileus 77 (7) 16 (3.3) 17 (3.2) <0.001

Voiding difficulty or UTI 77 (7) 29 (6) 29 (5.4) 0.429

Wound infection 28 (2.6) 2 (0.6) 4 (0.8) 0.003

Hemorrhage 17 (1.6) 2 (0.4) 5 (0.9) 0.125

General surgical complications, delayed, >PO 1 month 74 (6.8) 32 (6.6) 36 (6.8) 0.991

Grades I–Vd 11/27/32/7/0 2/20/10/0/0 7/13/16/2/0 0.106

Ileus 35 (3.2) 11 (2.3) 14 (2.6) 0.555

Anastomotic complicationsf 23 (2.1) 17 (3.5) 14 (2.6) 0.265

Incisional hernia 7 (0.6) 0 0 0.038

Male sexual dysfunctiong, grades 0–V (0–I/II–V) 52/172/40/31/35/2
(67.5/32.5)

4/89/12/8/11/1
(74.4/25.6)

16/98/8/6/12/1
(80.9/19.1)

0.001 0.01

LA laparoscopy-assisted, RA robot-assisted, VAS visual analogue scale from 0 (none) to 10 (agonizing), UTI urinary tract infection, PO postoperative
a Values in parentheses are percentages
b All parameters were compared using a Fisher’s exact test with two-sided verification, Pearson’s χ2 , and an analysis or variance (ANOVA) tests
c Assessed on a visual analogue scale (VAS: none = 0 to agonizing = 10) on postoperative day 1
d Surgical complications classified by Dindo et al. [14]
e LA versus RA, p= 0.047
f Delayed anastomosis-related complications, namely, abscess, stricture, and fistula
g None–mild (scales 0–1)/moderate (scales 2–3)/severe (scales 4–5) dysfunction, both erectile and ejaculatory potency measured on an analogue
scale compared with preoperative state in 599 male patients ≤65 years of age. Open vs. RA, none–mild dysfunction (scales 0–1) vs. moderate–severe
dysfunction (scales 2–5): p= 0.002
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tumor location and T4 category, the RA procedure was prob-
ably chosen to overcome surgical complexity in patients with
locally advanced and lower rectal cancers. In addition, the rate
of ISRwas highest and the anastomotic level was lowest in the
RA group. Conventionally, the TME procedure with SSO
involves dissection of the lower rectum via an abdominal
approach and is associated with technical difficulty and onco-
logic risk during open and LA procedures [15].

Our rate of conversion to open surgery was much lower in
the RA group than in the LA group (0.2 versus 5.1 %). A
recent study also showed lower conversion in RA than LA
procedures (9.5 versus 16.4 %) in 2868 propensity-matched
patients [16]. Laparoscopic TME, particularly in the case of
bulky low rectal cancer, is technically challenging [15].
Similarly, advanced cancer and anatomical limitations were
the most common causes of conversion. The RA procedure
time was longer than that of the open and LA procedures, in
accordance with a tendency reported in a meta-analysis [11].
The extra time for the RA procedure was mostly due to the
initial installation, a shift setup for laparoscopic anastomosis,
and the accompanying ileal diversion. Injury at the presacral
venous plexus was the main cause of intraoperative
hemorrhage. This complication was mostly controlled
with compression and local application of fibrin sealants. We
experienced no cases of operative mortality (within 1 month
of surgery).

Early general complications, specifically ileus and wound
infection, occurred more frequently in the open group than in
the LA and RA groups, as previously reported [10]. In accor-
dance with our previous study [17], we found postoperative
ileus to be related to temporary ileal diversion and male sex.

Additional maneuvers during ileal diversion may compromise
bowel movement. Male sex was also associated with anasto-
motic complications, as in a recent meta-analysis [18]. This
association may be partly explained by the causal relationship
between postoperative ileus and male sex. The anastomotic
leakage rate was <5 % in the three groups, although it tended
to bemore frequent in the LA group than in the RA group. The
current anastomotic leakage rates seem to be lower than those
of other studies (range, 3–17 %) [10, 11, 19]. One study sug-
gested that the higher incidence of anastomotic leakage in LA
surgery patients might be due to technical limitations, namely,
oblique transection and repeated linear stapler use [19].
Notably, anastomotic leakage led to a permanent stoma in a
half of our patients with an anastomotic complication, which
was also reported as the highest risk factor in a previous study
[20]. Incisional hernia was exclusively identified in patients
who underwent the open procedure, which inevitably in-
volved a longer incision than minimally invasive procedures.

The LA and RA procedures showed some benefits regard-
ing postoperative pain, bowel recovery, and hospitalization, as
shown in an intervention review [1]. We evaluated anorectal
dysfunction by manometry at 6 to 12 postoperative months,
and a <20 % reduction was identified in all patients of the
three groups. The earlier recovery of MRP in the LA group
than in the open and RA groups may be partly due to more
patients with higher level of anastomosis from the anal verge.
Male sexual dysfunction (≤65 years) was 1.7 times more fre-
quent in the open group than in the RA group. This result is
consistent with our previous comparative study of open and
RA ISRs [13]. Another study reported an earlier recovery
(3 months postoperatively) of erectile function in patients

Fig. 1 Cumulative local
recurrence (a), systemic
recurrence (b), overall survival
(c), and disease-free survival rates
(d) of open, LA, and RA groups.
Survival outcomes and
recurrences were compared using
the Kaplan–Meier method with
the log-rank test. LA laparoscopy-
assisted, RA robot-assisted, LR
local recurrence, SR systemic
recurrence, OS overall survival,
DFS disease-free survival
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treated with RATME than in those treated with LATME [21].
Another analysis that included seven studies found no
difference in male sexual dysfunction between open and
LA procedures [22]. Interestingly, voiding difficulty did
not differ among the three groups. Taken together, dam-
age to the susceptible cavernosal fibers can be reduced
at the level of the prostate and may benefit from the
magnified view and fine dissection with efficient trac-
tion permitted by the RA procedure.

The mean number of retrieved lymph nodes was >20 in our
three groups, which was slightly higher than that of other
studies [10, 11, 19]. The three procedures in our study did
not differ in terms of DRM+ and CRM+, in accordance with
the results of review studies [10, 11]. DRM+ was arbitrarily
defined as a ≤5-mmmargin according to a systematic analysis
of patients with perioperative CRT [23]. The LA group
showed slightly more lymph node yields than the open and
RA groups, probably due to fewer patients with preoperative
CRT. Lymph node yield is significantly lower in patients with
preoperative CRT than in those without it [24].

The cumulative rates of 3-year local recurrence, DFS, and
OS did not differ among the three groups: 2.5–3.4, 91.9–94.6,
and 82.2–83.1 %, respectively. Recent randomized controlled
trials comparing local recurrence rate and survival outcomes
did not show any differences between open and LA TME,
although each trial was slightly different in terms of tumor
stage and location [5–7]. One large-scale review also found
a similar rate of local recurrence and survival outcomes be-
tween open and LA procedures [9]. Few data on survival
outcomes are currently available for RA procedures, mainly
due to the insufficient follow-up period since RA was intro-
duced.We found the 3-year local recurrence closely correlated
with DRM+, postoperative hemorrhage, and anastomotic
complications in multivariate analysis. However, DRM may
be a controversial issue due to its association with local recur-
rence, and approximately three times more local recurrence
was reported in patients with DRM <2 cm than in those with
DRM >2 cm in one study [25]. Postoperative hemorrhage
tends to be related to operation complexity, physical ground-
ing, and transfusion. One review that included 36 studies
showed a moderate association between colorectal cancer re-
currence and perioperative transfusions, with an OR of 1.42
(95 % CI, 1.20–1.67) [26]. We defined anastomotic compli-
cations as all pathologic processes accompanied by severe
peri-anastomotic inflammation, including abscess, stricture,
and fistula, in addition to anastomotic leakage. One meta-
analysis including 10,953 rectal cancer patients suggested that
anastomotic leakage was associated with local recurrence.
Research-based evidence implicates inflammatory factors in
tumor proliferation, resistance to apoptosis, metastasis, and
chemoresistance [27]. Otherwise, failure or delay in postoper-
ative CRT due to anastomotic leakage may increase local re-
currence. Our study did not assess the prognostic factors of

systemic recurrence and survival outcomes due to the limited
observation period.

The present study is inevitably subject to several limita-
tions. First, it is a retrospective analysis that includes hetero-
geneous populations of the respective groups regarding tumor
stage, location, and preoperative CRT. The other main concern
might be the reproducibility of outcomes due to the surgeon’s
preference for each procedure. Lastly, long-term results could
not be attained due to the limited follow-up period.

Despite these shortcomings, we did not find any significant
differences in 3-year survival outcomes and local recurrence
among open, LA, and RATME. The RA procedure is useful
in SSO achievement, regardless of rectal cancer stage and
location, and possibly benefits from its magnified view and
improved dexterity. The open procedure may possess a slight-
ly higher incidence of postoperative complications than LA
and RA, specifically, the ileus, wound-related complications,
and incisional hernia. However, a longer follow-up is needed
to validate the outcome results of the current study, as well as
confirm the economic efficiency of the LA and RA
approaches.
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