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Abstract
Purpose

The bene�ts of robot-assisted laparoscopic surgery (RALS) for rectal cancer remain controversial. Only a
few studies have evaluated the safety and feasibility of RALS following neoadjuvant chemoradiotherapy
(NCRT). This study aimed to compare the short-term outcomes of RALS versus conventional
laparoscopic surgery (CLS) after NCRT for rectal cancer.

Methods

Propensity score matching of 111 consecutive patients who underwent RALS or CLS after NCRT for rectal
adenocarcinoma between February 2014 and February 2022 was performed. Among them, 60 matched
patients were enrolled and their short-term outcomes were compared.

Results

Although operative time, conversion rate to open laparotomy and blood loss were comparable, the
incidence of postoperative complications, including anastomotic leakage, was signi�cantly lower, urinary
retention tended to be lower, and the days to soft diet intake and postoperative hospital stay were
signi�cantly shorter in the RALS than the CLS group. No postoperative mortality was observed in either
group, and there were no signi�cant differences in terms of resection margins and number of lymph
nodes dissected.

Conclusions

RALS after NCRT for rectal cancer is safe and technically feasible, and has acceptable short-term
outcomes. Further studies are required for validation of the long-term oncological outcomes.

Introduction
Minimally invasive surgery (MIS) for rectal cancer has become popular in various types of surgeries.
Evolution of surgical techniques and the introduction of more advanced instruments for rectal cancer
have resulted in several advantages of MIS compared with open surgery (OS), such as less blood loss,
faster bowel recovery, and shorter hospital stay [1, 2]. Large randomized clinical trials (RCTs) have shown
that conventional laparoscopic surgery (CLS) for rectal cancer demonstrated similar or better short-term
outcomes compared with OS [1, 2], and similar long-term oncological outcomes as OS [3, 4]. In terms of
operating in the narrow and deep pelvis, however, CLS for rectal cancer has several drawbacks, including
in�exible instruments, uncomfortable non-ergonomic positions, poor visualization caused by an unstable
camera, and inadequate traction by the assistant. This is re�ected in the high conversion to laparotomy
rate of 9–16% with CLS for rectal cancer, as reported previously [2, 5, 6]. Moreover, two large RCTs that
assessed pathological outcomes with regard to circumferential resection margin (CRM) and total
mesorectal excision (TME) completeness, indicating adequate surgical resection, revealed high positive
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CRM rates in CLS as compared to OS for rectal surgery, which might be related to the technical di�culty
of laparoscopic surgery in the deep pelvis [5, 6].

Neoadjuvant chemoradiotherapy (NCRT) has been reported as a multimodal therapy for T3, T4, or N-
positive mid and low rectal cancer, to reduce the local recurrence rate and increase the sphincter
preservation rate [7–9]. However, MIS for rectal cancer after NCRT is challenging, and its post-treatment
effects, such as tissue �brosis and edema, further contribute to di�culty of the CLS procedure.

Robot-assisted laparoscopic surgery (RALS) for rectal cancer is one of the most recent advances in MIS.
RALS has the potential to overcome the limitations of CLS, providing articulated instruments, improved
ergonomics, a stable three-dimensional view, enhanced dexterity with tremor �ltration, and motion
scaling. Although the superiority of RALS versus CLS in terms of surgery conversion rates was not
established in the ROLARR randomized clinical trial [10], several retrospective case-control studies [11–
14] and small randomized clinical trials [15, 16] have reported favorable outcomes in terms of the safety
and technical feasibility of RALS for rectal cancer. However, only a few reports comparing RALS and CLS
have focused on short-term outcomes in patients with unfavorable preoperative clinical characteristics,
such as receiving NCRT [17, 18]. We therefore designed a study to compare short-term outcomes of RALS
and CLS after NCRT for mid and low rectal cancer.

Methods

Patients and data source
This single-center, non-randomized, retrospective study compared RALS with CLS for low anterior
resection (LAR) and abdominoperineal resection (APR) in rectal cancer patients. Patients who had
histopathologically proven, primary mid and low rectal cancer with a clinical stage of cT3-4 or N-positive
according to the Union for International Cancer Control (UICC) Tumor-Node-Metastasis (TNM)
Classi�cation, 8th edition [19], were operated on after receiving NCRT. Tumors in the mid and low rectum
were de�ned as those located proximal and distal to the peritoneal re�ection, respectively, based on
barium enema examination or colonoscopy. Between February 2014 and February 2022, we
retrospectively analyzed 111 consecutive rectal cancer patients who underwent RALS or CLS after
receiving NCRT at Kitasato University Hospital, Japan. Thirty patients underwent RALS and 81 patients
underwent CLS (Fig. 1). The choice of surgical technique depended on the surgeons’ discretion, schedule,
or the availability of the Da Vinci surgical system (Intuitive Surgical Inc., Sunnyvale, CA).

Data used in this study were retrospectively obtained from our hospital medical records. The treatment
effect of NCRT was classi�ed based on the degree of degeneration or necrosis and fusion of cancer cells.
No response was assigned a grade of 0, and a complete response was assigned a grade of 3, according
to the Histopathological Response Criteria of the General rules for Clinical and Pathological Studies on
Cancer of the Colon, Rectum and Anus edited by the Japanese Society for Cancer of the Colon and
Rectum [20]. There were no missing data for the examined variables.
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The protocol of this study was approved by our institutional review board (approval number B21-071)
and conformed with the provisions of the Declaration of Helsinki. All patients were provided detailed
information about the surgical procedure and provided their written consent.

Neoadjuvant chemoradiotherapy and perioperative
management
NCRT was administered according to our previously reported institutional guidelines [9, 21]. The
radiotherapy regimen was in fractions of 1.8 Gy/day, given 5 days per week for 5 weeks. The total dose of
radiation was 45 Gy. The �eld of treatment for radiotherapy was de�ned as the planned target volume
which allowed for setup error, organ movement, and a 1 cm circumference around both the primary tumor
and the adjacent enlarged lymph nodes, determined using computed tomography (CT).
Tegafur/gimeracil/oteracil (S-1) (80 mg/m2/day) was given orally twice daily on days 1 to 5, 8 to 12, 22
to 26, and 29 to 33. Irinotecan (60–80 mg/m2/day) was given as an intravenous infusion on days 1, 8, 22
and 29.

Before and after administering NCRT, staging workup was performed using chest-abdominopelvic CT,
pelvic magnetic resonance imaging (MRI), colonoscopy, and barium enema examination. Surgery was
performed 8 to 10 weeks after NCRT completion. None of the patients underwent intersphincteric
resection or Hartmann’s procedure after NCRT. Postoperatively, oral intake was allowed after the return of
bowel movement.

Operative procedure
RALS was performed by two certi�ed surgeons using the Da Vinci Si or Xi surgical system (Intuitive
Surgical Inc., Sunnyvale, CA) as a six- or �ve-port system. CLS used the �ve-port approach. Patients were
placed in the lithotomy position with the head down at 15–20° and the right side down at 15°. All
procedures were performed using a systematic approach, including colonic and pelvic phases in the
robotic approach. The �rst phase (colonic phase) comprised inferior mesenteric artery and vein ligation
and left-sigmoid mesocolon mobilization, and the second phase (pelvic phase) comprised pelvic
dissection using TME principles. In patients who underwent LAR, the distal rectum was intracorporeally
divided with a linear articulated endo-stapler loaded with a 45 mm or 60 mm cartridge. Bowel continuity
was intracorporeally restored using the double stapling technique with 25 mm circular staples. All
patients in both groups underwent standard curative resection with en bloc regional lymphadenectomy.
Lateral lymph node dissection (LLND) was performed, as required, when the short diameter of lateral
lymph nodes was larger than 7 mm on pre-CRT CT or MRI. Lateral lymph nodes were removed around the
common iliac vessel, internal iliac vessel and obturator space, in the fat tissue outside the pelvic plexus,
preserving all autonomic nerves. A diverting ileostomy was performed for all patients who underwent
LAR.

Outcome parameters
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In this study, the outcome parameters were conversion rate to open laparotomy, operative time, blood
loss, days to soft diet, postoperative hospital stay, postoperative complications, reoperation,
postoperative mortality, proximal margin (PM), distal margin (DM), positive radial margin (RM), and
number of lymph nodes dissected.

Conversion from laparoscopic surgery to open laparotomy was de�ned as the intentional extension of the
laparoscopic incision beyond the incision necessary for specimen retrieval. Operative time was de�ned as
the time between the initial skin incision and completion of wound closure. Postoperative complications,
reoperation and mortality were de�ned as such events occurring during the postoperative hospital stay or
within 30 days after surgery. Postoperative complications were categorized according to the Clavien-
Dindo (CD) classi�cation [22]. All such events were assessed by clinicians and documented in the
database. The pathological parameters of the surgical specimens, including PM, DM, RM and the number
of lymph nodes harvested, were recorded to assess the quality of surgery.

Statistical analysis
Descriptive data are presented as the mean and standard deviation (SD) or median and range for
continuous variables, and as the number of patients and percentage for categorical variables. Prior to
propensity score matching, Student’s t test or Mann-Whitney U test was used for continuous variables,
and the Chi-squared test was used for categorical variables. P < 0.05 was considered statistically
signi�cant. Propensity score matching was subsequently applied to minimize the possibility of selection
bias and to adjust for differences in the baseline characteristics of patients. First, propensity score was
obtained using multivariate logistic regression analysis. For calculating the propensity score, the
following �ve covariates that might affect technical di�culties in surgery for rectal cancer were included
in the model: age, sex, body mass index (BMI), tumor distance from the anal verge, and clinical stage. The
next step was 1:1 matching using the caliper coe�cient set at 0.2. This propensity score matching was
applied to evaluate the effect of RALS on operative and pathological outcomes. Baseline characteristics,
including covariates not entered into the propensity score model, operative results, postoperative
complications, and pathological �ndings were subsequently compared between RALS and CLS. All
statistical analyses were performed using statistical software JMP pro version 14 (SAS Institute Inc.,
Cary, NC).

Results
A �ow chart of this study is shown in Fig. 1. Of the 117 consecutive patients who underwent elective
surgery for rectal cancer after receiving NCRT, three patients who underwent open surgery, two patients
with histological con�rmation of cancer other than adenocarcinoma, and one patient who underwent
synchronous hepatic resection were excluded. Among the remaining 111 patients who underwent MIS, 30
patients (27.0%) underwent RALS (RALS group) and 81 patients (73.0%) underwent CLS (CLS group). The
baseline characteristics of the overall cohort are listed in Table 1. Before matching, a tendency for
differences between RALS and CLS group patients was observed with regard to sex (p = 0.0796) and
tumor distance from the anal verge (p = 0.0712). After matching, 30 matched pairs were selected. The
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demographics of the propensity score-matched patients are listed in Table 1. The RALS and CLS groups
were comparable with regard to baseline characteristics.

The operative results for the overall cohort (N = 111) and propensity score-matched cohort (N = 60) are
listed in Table 2. In the matched cohort, there were no conversions to open laparotomy in the RALS group
and one (3.3%) conversion to open laparotomy in the CLS group. There were, thus, no signi�cant
differences in the conversion rates to open laparotomy between groups. In the matched cohort, median
operative time was 365 min in the RALS group and 351 min in the CLS group, respectively. Thus, in the
matched cohort, median operative time was comparable between the RALS and CLS groups (p = 0.3328).
For both cohorts, the median days to soft diet were one day in the RALS group and three days in the CLS
group, indicating signi�cantly fewer days to soft diet in the RALS than the CLS group for both cohorts (p 
< 0.0001). The median durations of postoperative hospital stay were respectively nine and 12 days in
RALS and CLS groups in the matched cohort, indicating a signi�cantly shorter postoperative hospital stay
in the RALS than the CLS group (p = 0.0011). In terms of intraoperative blood �ow testing using the
indocyanine green (ICG) test, which was only analyzed in patients who underwent LAR, the number of
patients in whom the ICG blood test was performed was signi�cantly higher in the RALS than the CLS
group (p < 0.0001). For both cohorts, type of operation, LLND, blood loss, and combined resection were
comparable between groups. None of the study subjects required blood transfusions.

Comparison of the postoperative complications is shown in Table 3. The rates of moderate or severe
complications (CD grade ≥ II) were signi�cantly fewer in the RALS (10.0%) than the CLS group (33.3%)
for both overall and matched cohorts (p = 0.0085 and p = 0.0250, respectively). There were no
anastomotic leakages (which were only analyzed in patients who underwent LAR) > CD grade II in the
RALS group. The rate of anastomotic leakage was signi�cantly lower in the RALS group than the CLS
group in both overall and matched cohorts (p = 0.0201 and p = 0.0358, respectively). There were also no
cases of urinary retention > CD grade I that required placement of a urinary catheter in the RALS group.
The rate of urinary retention tended to be lower in the RALS than the CLS group for both cohorts (p = 
0.0720 and p = 0.0919, respectively). Only one patient required reoperation in each group, indicating no
signi�cant differences in reoperation rates between groups. The reasons for reoperation were ureter injury
due to blind manipulations of the robotic arm in the RALS group and small bowel obstruction with
adhesions in the CLS group. There were no postoperative mortalities in either group.

The pathological �ndings of the study subjects are listed in Table 4. No signi�cant differences in terms of
PM and DM were observed between RALS and CLS groups in the overall and matched cohorts. Positive
PMs and DMs were not found in any patient. There were no signi�cant differences in terms of positive
RMs between the two groups in both cohorts, nor were there any signi�cant differences in terms of the
number of lymph nodes harvested in both groups. A signi�cantly greater positive vascular invasion rate
was observed in the CLS compared with the RALS group in the matched cohort (p = 0.0185). Tumor size,
histological grade, lymphatic invasion, pathological stage and treatment effect were similar between the
two groups.
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Discussion
Previous RCTs have demonstrated that the short-term and long-term oncological outcomes of CLS for
rectal cancer are comparable to those of OS [1–4]. With the advent of RALS as the latest MIS, studies
have been conducted to evaluate whether its application can overcome the limitations of CLS for rectal
cancer. Many studies have shown that the surgical outcomes of RALS are comparable to those of CLS
[10–12, 15–18, 23–29], although the proportion of patients receiving NCRT in those studies were variable
and relatively low [11, 23]. In the present study, we evaluated the potential advantages of RALS after
NCRT for rectal cancer by comparing operative and pathological outcomes between RALS and CLS in
rectal cancer patients. The fact that we performed propensity score-matched analysis to obviate the
possibility of selection bias and to adjust for signi�cant differences in baseline characteristics of rectal
cancer patients is a strength of our study.

The conversion rate to laparotomy of MIS re�ects its technical complexity. Achieving a low conversion to
open laparotomy rate is clinically important, because patients converted to open laparotomy are more
likely to develop postoperative complications and local recurrence [30, 31]. The conversion rates of CLS
for rectal cancer typically ranged from 9 to 16% in large RCTs [2, 5, 6], and can be as high as 25% in
patients with rectal cancer receiving NCRT [8]. Although the ROLARR trial failed to indicate the superiority
of RALS over CLS in terms of the conversion rate to open laparotomy (8.1% vs 12.2%, p = 0.16) [10],
several meta-analyses have reported a lower conversion rate for RALS compared with CLS [25, 26, 28, 29].
In our study, no conversion was noted in the RALS group, and only one patient (1.2%) required conversion
to open laparotomy due to tumor-related factors in the CLS group in the overall cohort. These results were
not uncommon for RALS, but were favorably comparable to the conversion rate of CLS for rectal cancer
in the COREAN trial [1]. However, since we have been performing CLS for locally advanced rectal cancer
after administering NCRT since 2011, our low conversion rate to laparotomy of CLS for rectal cancer
might re�ect our abundant and advanced expertise.

Several previous studies have shown that RALS for rectal cancer is associated with a signi�cantly longer
operative time compared with CLS for rectal cancer [16, 23, 28, 29]. Inconsistent with the results of
previous studies, median operative times were comparable between the groups in our study. Moreover, the
present study included the learning curve period, which was previously reported as ranging from 20 to 44
cases [18, 32, 33]. After overcoming this learning curve and acquiring adequate expertise, such as in the
working of the camera and manipulation of robotic forceps, and with practice in the set up for the robotic
system, our operative time might become shorter than reported here.

Although NCRT is an established risk factor for postoperative complications, the complication rate in our
study was comparable to the previously reported rates of 8.9–33.1% and 18.4%-31.7% for RALS and CLS,
respectively [10, 12, 17, 18, 24, 27]. Postoperative complication (CD grade ≥ II) rates in the RALS group
were signi�cantly lower than those of CLS in this study. The superiority of RALS in terms of postoperative
complications could be mainly due to the lower occurrence of anastomotic leakage and urinary retention
in the RALS group, because there was a tendency to lower rates of these complications in the RALS
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compared with the CLS group in both cohorts. The frequency of anastomotic leakage in this study was
15.1% in the overall cohort (RALS 0.0% vs. CLS 20.5%) and 9.1% in the matched cohort (RALS 0.0% vs.
CLS 25.0%). Previous studies demonstrated that anastomotic leakage occurred in 1.5–12.2% of patients
who underwent RALS and 1.8–10.4% of those who underwent CLS [10, 12, 17, 18, 24, 27]. In our study,
although the rates of anastomotic leakage in the RALS group were much lower than those in previous
reports, leakage rates in the CLS group were extremely high compared with those in previous reports. To
evaluate the risk factors for anastomotic leakage, we performed sub-group analyses in the 53 patients
who underwent LAR among the overall cohort (RALS: 14 cases, CLS: 39 cases). Eight of the 53 patients
had anastomotic leakage > CD grade II, including six male (6/31; 19.4%) and two female patients (2/22;
9.1%) (p = 0.2912); two of the patients (2/6; 33.3%) were older than 75 years and six patients (6/47;
12.8%) were aged less than 75 years (p = 0.2298). In terms of intraoperative blood �ow assessment with
ICG injection, anastomotic leakage occurred in seven patients (7/35; 20.0%) who did not undergo the
blood �ow test and one patient (1/18; 5.6%) in whom the test was performed (p = 0.1355). Thus, although
male sex, elderly age, and not performing the blood �ow test were associated with slightly higher rates of
anastomotic leakage compared with their counterparts, the differences were not signi�cant. In terms of
the surgical approach, on the other hand, eight patients (8/39; 20.5%) who underwent CLS and none of
the RALS patients developed anastomotic leakage (p = 0.0201). In terms of BMI, four patients (4/11;
36.4%) with BMI ≥ 26 kg/m2 and four patients (4/42; 9.5%) with BMI < 26 kg/m2 developed anastomotic
leakage (p = 0.0418), suggesting that obesity might be a risk factor for anastomotic leakage in patients
undergoing CLS.

The frequency of urinary retention in the present study was 4.5% in the overall cohort (RALS 0.0% vs. CLS
6.2%) and 3.3% in the matched cohort (RALS 0.0% vs. CLS 6.7%), showing that the rates of urinary
retention in the RALS group tended to be lower than those in the CLS group in both cohorts. Moreover, the
days to commencement of a soft diet and duration of postoperative hospital stay were both more
favorable in the RALS than the CLS group in both cohorts. Previous studies have reported that RALS
offers potential bene�ts, such as a lower complication rate, shorter postoperative hospital stay, and more
favorable functional results, and several factors have been proposed to explain the reason why the
robotic approach is more advantageous than the conventional laparoscopic approach for rectal cancer
[11, 12, 23, 25–28]. Wristed instruments enable ambidextrous capability and intuitive manipulation by the
surgeons, the camera provides stable three-dimensional high-de�nition imaging, and the robotic arm
provides steady retraction and exposure. Combination of these functions in the robotic system facilitates
accurate anatomical dissection in the deep and narrow pelvis, and might enable greater preservation of
pelvic autonomic functions. The potential advantages of RALS might be more pronounced under speci�c
conditions, such as lower rectal cancer, in male and obese patients, and those undergoing surgery after
NCRT [10, 18, 26].

We observed no signi�cant differences in resection margins (proximal and distal), positive RMs, or the
number of lymph nodes dissected, between the two groups in both cohorts. Consistent with the above
results, analysis of the patients who underwent LAR showed no signi�cant differences in terms of DM
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between groups in the matched cohorts (RALS: 31.4 ± 15.8 mm, CLS: 28.5 ± 16.1 mm, p = 0.6819, data not
shown). The technical and oncological results of the procedure in the present study were comparable
between the RALS and CLS approaches. This might suggest that the technical and oncological results of
the procedure in CLS for rectal cancer are virtually equivalent to those of RALS, when performed by
experienced laparoscopic surgeons. However, further studies are necessary to evaluate the other
pathological parameters, such as CRM, which is an important predictor of oncological prognosis [34].

Our study has some limitations. The �rst is its non-randomized and retrospective design. To overcome
this limitation, we performed case-matched analysis using several clinical variables. Thus, the groups
were well balanced and selection bias was obviated. Second, our cohort study was performed at a single
center and was relatively limited. Therefore, the number of cases in our study might be insu�cient to
draw decisive conclusions. Third, our propensity score-matched analysis mainly took baseline
characteristics into account, and did not consider latent confounders, such as surgeon’s experience and
the learning curve. Fourth, we did not assess postoperative sexual function, which is essential to evaluate
the evidence concerning the clinical bene�ts of a treatment modality, and we only assessed voiding
function without using a questionnaire about voiding function. Finally, we evaluated proximal, distal and
radial margins as pathological parameters for assessment of the technical and oncological results of the
procedure, and not the CRM. Hence, our pathological analysis might be inadequate for assessing the
completeness and quality of TME.

Conclusion
In conclusion, the present propensity score-matched analysis suggested that RALS for patients with rectal
cancer undergoing NCRT is safe and feasible. The results indicated that the operative and pathological
outcomes of RALS might be better or similar to those of CLS. Further research is required in the near
future to determine whether equal long-term oncological outcomes are observed following the two
procedures.
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