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Abstract
Locally advanced rectal cancer often requires an extended resection beyond the total mesorectal excision plane (bTME) 
to obtain clear resection margins. We classified three types of bTME rectal cancer following local disease diffusion: radial 
(adjacent pelvic organs), lateral (pelvic lateral lymph nodes) and longitudinal (below 3.5 cm from the anal verge, submitted 
to intersphincteric resection). The primary aim of this study was to evaluate the application of robotic surgery to the three 
types of bTME regarding the short and long-term oncological outcomes. Secondary aim was to identify survival prognostic 
factors for bTME rectal cancers. A total of 137 patients who underwent robotic-assisted bTME procedures between 2008 
and 2018 were extracted from a prospectively collected database. Patient-related, operative and pathological factors were 
assessed. Morbidity was moderately high with 66% of patients reporting postoperative complications. Median follow up was 
47 months (IQR, 31.5–66.5). Local recurrence rate was 15.3% with a statistical difference between the three types of bTME 
(p = 0.041). Disease progression/distant metastasis rate was 33.6%. Overall survival was significantly different (p = 0.023) 
with 1- and 3-years rates of: 77.8% and 55.0% (radial; n = 19); 96.6% and 84.8% (lateral; n = 30); 97.7% and 86.9% (longi-
tudinal; n = 88). No statistical difference was observed for disease-free survival (p = 0.897). Local recurrence-free survival 
was significantly different between the groups (p = 0.031). Multivariate analysis showed that (y)pT (p = 0.028; HR (95% 
CI) 5.133 (1.192–22.097)), (y)pN (p = 0.014; HR (95% CI) 2.835 (1.240–6.482)) and type of bTME were associated to OS 
whilst (y)pT (p = 0.072) and type of bTME were not associated to LRFS.

Keywords Beyond total mesorectal excision · Robotic surgery · Rectal cancer · Intersphincteric resection · Pelvic lateral 
lymph node dissection · Multivisceral resection

Introduction

Rectal surgery has greatly improved in the last decades. 
Total mesorectal excision (TME) for the treatment of rec-
tal cancer described by Heald in 1982 [1] has become the 
gold standard for rectal surgery. The key concept of dissec-
tion through embryological planes for the removal of rectal 
cancer together with its draining perirectal tissue (mesorec-
tum) has reduced the local recurrence (LR) rate down to 
4% at 5 years after surgery [2]. The application of extensive 
screening programs, the acknowledgement of the role of 
neoadjuvant treatments in reducing LR [3], the introduction 
of minimally invasive approaches and the progress in the 
use of magnetic resonance imaging (MRI) have been further 
steps in rectal cancer treatment evolution.

Despite these progress, around 5–10% of patients with 
locally advanced rectal cancer (LARC) present further 
involvement of adjacent organs [4]. These patients require 
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an extended surgical resection “beyond the TME plane” to 
achieve a pathological R0 resection, which is an important 
prognostic factor for LR and overall survival (OS) for LARC 
[5–7].

To optimize the treatment, these patients must be dis-
cussed in a multidisciplinary team (MDT) [4]. The combi-
nation of neoadjuvant treatment and extended surgery has 
increased the 5-year survival for LARC up to 70% with, 
however, a significant morbidity around 25% [6, 8].

In our center, patients with rectal tumors invading adja-
cent pelvic organs (radial diffusion) and/or pelvic lateral 
lymph node involvement (lateral diffusion) and/or very low 
lying rectal cancers requiring an intersphincteric resection 
(ISR, distal longitudinal diffusion) are classified as bTME 
rectal cancers.

Few reports, discussing the role of robotic surgery for 
bTME rectal tumors, are available in the literature and these 
often concentrate only on a single district of tumor spread-
ing with no report evaluating the oncological outcomes of 
bTME cancers as a whole [9–11].

The present study aimed primarily to evaluate the short 
and long-term oncological outcomes of the three type of 
bTME submitted to robotic surgery. Secondary aim was to 
identify survival prognostic factors for bTME rectal cancers.

Materials and methods

Study population and database characteristics

A retrospective study evaluating patients with LARC sub-
mitted to robotic bTME was performed extracting data from 
the prospectively maintained colorectal database at the 
Korea University Anam Hospital, a tertiary referral center 
in Seoul, South Korea. The study was approved by the Insti-
tutional Review Board (#2020AN0364).

In our center, rectal tumors invading adjacent pelvic 
organs (radial diffusion) and/or pelvic lateral lymph node 
involvement (lateral diffusion) and/or very low lying rectal 
cancers requiring an ISR (below 3.5 cm from the anal verge; 
distal longitudinal diffusion) are classified as bTME rectal 
cancers because the dissection plane for a radical resection 
lays outside the boundaries of standard TME. This anatomi-
cal classification according to the surgical plane defines our 
novel “three degrees of dissection” classification of bTME 
rectal cancers: radial, lateral and distally longitudinal.

Data were collected from January 2008 to May 2018. A 
total of 137 patients fulfilled the following inclusion cri-
teria: (1) primary LARC (T stage ≥ 3 or any T with N +); 
(2) adenocarcinoma in histology; (3) preoperative signs of 
direct invasion to adjacent pelvic organs (radial group) or 
lateral pelvic lymph node involvement (lateral group) or 
low lying rectal cancer (≤ 3.5 cm from the AV, undergoing 

ISR; longitudinal group); (4) elective surgery; (5) robotic-
assisted approach; (6) no previous history of colorectal 
cancer; (7) no evidence of synchronous colorectal cancer; 
(8) no history of hereditary cancer syndromes (Fig. 1).

In the study period, tumor invasion above the S2 sacral 
bone was considered a contraindication for radical surgery 
because of severe morbidity associated with high sacral 
resections.

The distance between the tumor and the AV was 
assessed via digital rectal examination and rectal MRI. 
Clinical staging was performed via colonoscopy with 
biopsy, MRI, thoracic and abdomino-pelvic computed 
tomography (CT). The final pathologic features were 
restaged according to the 8th edition of the American Joint 
Committee on Cancer (AJCC) staging system [12] at the 
time of data review.

Every patient was discussed in a MDT comprising: colo-
rectal surgeons, pathologists, radiologists and radiotherapists 
with liver, lung surgeons, gynecologists and urologists when 
required. The treatment strategy was neoadjuvant chemo-
radiotherapy (CRT; long course, 5080 cGy administered in 
28 fractions and 5-fluorouracil based chemotherapy or short 
course, 2500 cGy administered in 5 fractions) followed by 
surgery or surgery only (in highly selective cases of feasible 
R0 resection within a bTME dissection).

The institutional neoadjuvant CRT policy was established 
according to our previous data [13, 14]. Surgery was per-
formed 8–10 weeks after neo-adjuvant CRT and clinical 
restaging with pelvic MRI and thoracic/abdomen/pelvic CT.

Postoperative follow-up protocol included physical 
examination and serum CEA assay every 3 months for the 
first 2 years thereafter every 6 months. Chest and abdomino-
pelvic CTs were taken every 6 months for the first 2 years 
then annually for the following years. Colonoscopy and sig-
moidoscopy were performed alternatively every 6 months 
for the first 2 years, whilst a colonoscopy was performed 
annually afterwards. Additional tests, including pelvic MRI 
or positron emission tomography scans, were performed on 
an as-needed basis.

Post-operative morbidity and mortality rates have been 
prospectively updated, on a weekly basis, in the colorectal 
database since 2012.

Overall survival (OS) was measured from the date of 
surgery to that of death or last follow-up. Disease-free sur-
vival (DFS) was measured from the date of surgery to that 
of tumor recurrence. Local recurrence-free survival (LRFS) 
was measured from the date of surgery to that of local recur-
rence. Recurrence was diagnosed through radiological detec-
tion of lesions with increasing size or by histological con-
firmation. LR were classified according to the Dutch TME 
trial classification [15].

This study is in accordance with the STROBE statement 
for cohort studies [16].
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KUMC colorectal cancer 

database 
n= 4690

Rectal cancer    
n= 1642

Synchronous CRC (n= 28)  

Rectosigmoid CRC (>15 cm AV; n= 33) 
Other histology (n= 83)

Robotic surgery 
n= 612

LARC 
n= 516

Hereditary CRC (n= 2) 
Early Rectal cancer (n= 94)

Rectal cancer    
Jan 2008-May 2018 

n= 1786

Radial 
n= 19

Lateral 

n= 30
Longitudinal 

n= 88

Study population  
n= 137

Fig. 1  Flow chart of patient. KUMC Korea university Medical Center; AV anal verge; CRC  colorectal cancer; LARC  locally advanced rectal can-
cer. For definition of radial, lateral and longitudinal bTME see the introduction and discussion paragraph
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Surgical technique

All surgeries were performed with robotic-assisted approach 
by three surgeons with expertise in robotic colorectal sur-
gery (SHK, JK and JMK). The robotic platform used was da 
Vinci  Si® or  Xi® (Intuitive Surgical, Inc., Sunnyvale, CA, 
USA) according to availability. The robotic approach was 
performed with a two stage-single docking procedure with-
out changing the position of the patient-side surgical cart 
and, in the case of ISR, was comprised of five steps [17]. 
The surgical technique for ISR was previously described 
[18] together with a detailed analysis of the anatomical land-
marks for an optimal identification of the intersphincteric 
plane [19]. Pelvic lateral lymph node dissection (PLLND) 
was performed monolaterally or bilaterally according to pre-
operative images of lymph node involvement. The surgical 
procedure of robotic-assisted PLLND had been described 
elsewhere [20]. The surgical extension of the multivisceral 
resections was decided preoperatively, and not intraopera-
tively, according to the surgical dissecting planes based on 
staging MRI images (Fig. 2).

Statistical analysis

Patient characteristics were summarized using basic 
descriptive statistics. Continuous variables were presented 
as median (interquartile range, IQR) or mean ± stand-
ard deviation, accordingly, and compared using the 
Mann–Whitney U test. Categorical variables were 
expressed as proportions and analyzed using the Chi-
squared or Fisher’s exact test. All statistical analysis was 
performed using SPSS, version 26.0 (IBM Corporation, 
Armonk, NY, USA). Univariate Cox proportional hazards 
regression survival analysis was used to analyze the risk 
factors for OS and LRFS. Factors with p < 0.10 in uni-
variate analysis were further examined using multivariable 
Cox proportional hazard regression. The Kaplan–Meier 
model was used to calculate survival and recurrence rates. 
Confidence intervals were estimated at 95%, and the sig-
nificance level was set at p = 0.05.

Fig. 2  a intraoperative view of a robotic dissection of the left pel-
vic lateral nodes (lateral bTME) with preservation of the obturator 
nerve (white arrow); (b) intraoperative view of a robotic exentera-
tion (radial bTME) for an upper rectal cancer invading the bladder 
and both seminal vesicles with prostate preservation and neo-bladder 
formation. Preoperative MRI are visible with the reported, preop-

eratively decided, line of dissection; (c) bladder neck containing the 
entire prostate (white arrow) is seen after robotic exenteration of the 
involved pelvic organs; (d) intraoperative view of a robotic inter-
sphincteric resection. Dissection of the intersphincteric plane (white 
line) on the right side of the pelvis, between the rectum medially and 
the levator ani muscle (LAM) laterally
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Results

Preoperative characteristics

A total of 137 patients fulfilling the inclusion criteria were 
enrolled in the study. Patients and primary tumor character-
istics are listed in Table 1. The median age was higher in the 
lateral and longitudinal bTME group compared to the radial 
group and the majority of patients were male in all groups. 
Tumor size and stage were significantly different between 
the bTME groups (p < 0.001). Also the N and M stages were 
significantly different (p = 0.005 and p = 0.008, respectively). 
Distant metastasis occurred in 28 patients (20.4%) including 
lung (n: 9), liver (n: 5), LN (n: 7), carcinoma peritonei (n: 1) 
and multiple metastases (n: 6).

Following our institutional neoadjuvant policy, around 
90% of patients were submitted to preoperative CRT in the 
radial and lateral group with only 76.1% in the longitudi-
nal group due to the inferior T and N stage. A total of 17 
patients received preoperative CRT (all short course) in 
the radial group, whilst 27 patients (74.1% short course, 
25.9% long course) received it in the lateral group and 
67 (7.5% short course, 91.0% long course, 1.5% chemo-
therapy only) in the longitudinal group.

Surgical characteristics and short‑term outcomes

Neither conversion (to laparoscopy or open) nor intraop-
erative death was observed in the series. A total of three 
patients (1.6%) underwent a palliative procedure for local 
control. Median blood loss was higher in the radial group 
but no statistical difference was observed between the 
three bTME groups (p = 0.266). Median operating time 
was longer in the radial group: 347 min (IQR, 301–410). 
Surgical procedures are reported in Table 1. A total of 
eight patients of the lateral group were also submitted 
to ISR for achieving an oncologically safe anal sparing 
resection. These patients, however, had tumors at a mean 
distance of 5.4 cm from the AV, therefore, higher than 
the value considered as an indication criteria for ISR in 
our center [19]. For this reason, they were included in the 
lateral group and not in the longitudinal group.

The radial group comprehended: 4 prostatectomies, 2 cys-
tectomies, 1 bladder posterior wall excision, 8 seminal vesi-
cles removal, 4 hysterectomies, 4 posterior vaginal wall exci-
sion, 3 oophorectomies, 1 sacrectomy and 2 coccygectomies.

One patient died within 3 months from surgery (0.7%). 
Post-operative hospital stay was significantly different 
between the three bTME groups (p = 0.011).

Postoperative complications were reported in 48.9% 
of patients (n = 67) with ileus being the most common 

(23.4%) followed by urinary retention (10.8%; 87% of 
which required Foley catheter reinsertion), chylous ascites 
(10.2%), anastomotic leakage (9.5%), intraabdominal/pel-
vic abscess 2.9%, stoma complications (2.2%; one par-
astomal abscess, one peristomal cellulitis and one acute 
ileostomy prolapse) and sepsis (0.7%). According to 
Clavien-Dindo classification [21], 40 patients had a com-
plication grade I–II whilst 27 patients had a grade III–IV. 
A total of three patients required surgical treatment: one 
patient with colo-rectal anastomotic leakage underwent 
laparoscopic abdominal irrigation and drainage; another 
patient with vesico-urethral anastomosis site leakage 
needed an open cystostomy; the patient with ileostomy 
prolapse, occurring on post-operative day one, required 
surgical revision.

Pathology of resected specimens

Pathological T and N stage are reported in Table 1. A higher 
rate of cT4 was observed in the radial group (n: 12, 63.3%) 
compared to the other bTME groups (p < 0.001). Lymph 
node metastasis was more frequent in the radial and lateral 
groups compared to the longitudinal group (p = 0.002). In 
the lateral group, on a median of 5 (range 0–17) retrieved 
nodes, 0.7 (range 0–3) were positive.

A total of 92.7% patients were reported R0: 89.5% in 
the radial, 90% in the lateral and 94.3% in the longitudinal 
group. However, no statistical difference occurred in the 
resection margin status between the three bTME groups 
(p = 0.214). All 3 case of R2 were from palliative resec-
tions. The R1 cases were consequent to radial involvement 
in the radial group (n: 1) and longitudinal group (n: 3) and 
distal involvement in the lateral group (n:1) and longitudinal 
group (n: 2).

Long term oncological outcomes

At the time of the study, the median follow-up was 
47 months (IQR, 31.5–66.5). LR occurred in 21 patients 
(15.3%) (Table 1). There was a statistical difference in LR 
rate between the three bTME groups with the lateral group 
reporting up to 30% (n: 9) (p = 0.041).

Disease progression/distant metastasis occurred in 
46 patients (33.6%) including lung (n: 23), liver (n: 10), 
nodal (n: 3), bone (n: 2) and multiple metastases (n: 8). Ten 
patients had both local and systemic recurrences. Local 
recurrence pattern was: anterior (n: 2), presacral (n: 3), lat-
eral (n: 9), axial (n: 6), and perineal (n: 1).

One and three years OS rates were: 77.8% and 55.0% 
for the radial group; 96.6% and 84.8% for the lateral group; 
97.7% and 86.9% for the longitudinal group (Fig. 3a). OS 
was significantly different between the three bTME groups 
(p = 0.023).
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Table 1  Patient characteristics Radial n: 19 Lateral n: 30 Longitudinal n: 88 p

Agea 51 (44–71) 56 (49–60) 57 (49–68) 0.603
Gender 0.010
 Male 12 (63.2%) 15 (50.0%) 69 (78.4%)
 Female 7 (36.8%) 15 (50.0%) 19 (21.6%)

BMIa 22.5 (19.8–24.2) 23 (20.1–25.2) 23.8 (21.1–26.0) 0.115
ASA 0.114
 1 5 (26.3%) 2 (6.7%) 25 (28.4%)
 2 14 (73.7%) 28 (93.3%) 61 (69.3%)
 3 0 0 2 (2.3%)
 CEAa 3.4 (1.4–11) 3.6 (1.1–12.1) 2.3 (1.6–4.6) 0.654
 CA19.9a 19.5 (10.5–45.8) 7.6 (4.3–16.7) 13.9 (8.6–23.2) 0.012
 Tumor size,  cma 6.5 (4.2–7.5) 3.5 (2.2–4.5) 3.4 (2.5–4.3)  < 0.001
 Distance from AV,  cma 5.0 (2.2–8.0) 4.5 (3.0–6.0) 3.0 (2.5–3.0)  < 0.001

(y)cT  < 0.001
 1 0 1 (3.3%) 1 (1.1%)
 2 0 2 (6.7%) 10 (11.4%)
 3 7 (36.8%) 22 (73.3%) 71 (80.7%)
 4 12 (63.2%) 5 (16.7%) 6 (6.8%)

(y)cN 0.005
 0 3 (15.8%) 4 (13.3%) 33 (37.5%)
 1 9 (47.4%) 10 (33.3%) 37 (42.0%)
 2 7 (36.8%) 16 (53.3%) 18 (20.5%)

(y)cM 0.008
 0 13 (68.4%) 19 (63.3%) 77 (87.5%)
 1 6 (31.6%) 11 (36.7%) 11 (12.5%)
 Neoadjuvant treatment 17 (89.5%) 27 (90.0%) 67 (76.1%) 0.148

Surgical treatment  < 0.001
 LAR 6 (31.6%) 18 (60.0%) 0
 APE 12 (63.1%) 4 (13.3%) 0
 Hartmann 1 (5.3%) 0 0
 ISR 0 8 (26.7%) 88 (100.0%)
 Blood loss,  mlb 258 (0–2000) 67 (0–500) 114 (0–800) 0.266
 Length of surgery,  mina 415 (295–510) 347 (301–410) 300 (271–359)  < 0.001
 Post-operative hospital stay,  daysa 17 (8–21) 9 (8–16) 9 (7–13) 0.011
 Post-operative complications 14 (73.7%) 16 (53.3%) 37 (42.0%) 0.038
 Leakage 4 (21.1%) 4 (13.3%) 5 (5.7%)  < 0.001
 Ileus 7 (36.8%) 6 (20.0%) 19 (21.6%) 0.321

Clavien-Dindo 0.111
 I–II 7 (36.8%) 10 (33.3%) 23 (26.1%)
 III–IV 7 (36.8%) 6 (20.0%) 14 (15.9%)

(y)pT  < 0.001
 0 0 1 (3.3%) 4 (4.5%)
 1 0 1 (3.3%) 3 (3.4%)
 2 1 (5.3%) 8 (26.7%) 24 (27.3%)
 3 6 (31.6%) 18 (60.0%) 51 (58.0%)
 4 12 (63.2%) 2 (6.7%) 6 (6.8%)

(y)pN 0.002
 0 11 (57.9%) 8 (26.7%) 53 (60.2%)
 1 4 (21.1%) 15 (50.0%) 31 (35.2%)
 2 4 (21.1%) 7 (23.6%) 4 (4.5%)
 DRM,  cma 3 (1.0–5.7) 1.2 (0.7–3.0) 0.7 (0.4–1.5)  < 0.001
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One and three years’ disease-free survival (DFS) rates 
were: 65.8% and 59.8% for the radial group; 78.7% and 
50.2% for the lateral group; 88.6% and 58.7% for the longi-
tudinal group (Fig. 3b). DFS was not significantly different 
between the three bTME groups (p = 0.897).

One and three  years’ local recurrence-free survival 
(LRFS) rates were: 87.7% for the radial group (3-years 
LRFS not available); 85.8% and 68.8% for the lateral group; 
96.5% and 87.9% for the longitudinal group (Fig. 3c). LRFS 
was significantly different between the three bTME groups 
(p = 0.031). If the radial group had the worst OS, the lateral 
group reported the worst LRFS.

The result of the univariate Cox regression analyses for 
OS and LRFS are reported in Table 2. Multivariate analysis 
showed that (y)pT, (y)pN and type of bTME were associated 
with OS whilst (y)pT and type of bTME were not quite asso-
ciated with LRFS. No significant association between local 
recurrence and resection margin was reported (Table 3).

Discussion

This study shows our experience in robotic-assisted bTME 
and reports the oncological long term outcomes in an expe-
rienced center for minimally invasive colorectal surgery for 
LARC.

Literature lacks a precise and shared definition of LARC 
and bTME. Several studies and trials have defined the LARC 
to standardize the scientific terminology, however, there are 
some differences between them: EXPERT study (T1–4 N2; 
low T3; T4; threatened CRM); MERCURY study (T3c, T3d 
or T4); German CAO/ARO/AIO-94 trial (any T N + , or T3/
T4) [22–24]. In our institution, we define LARC according 
to the German trial [24] and we follow the treatment strategy 
according to the European Society of Medical Oncology 
(ESMO) guidelines [25]. However, in case of suspicious lat-
eral LN (common, internal and external iliac and obturator) 
a surgical resection of the lateral lymphatic compartment 

is performed monolaterally or bilaterally (according to the 
location) as described by Kim et al. [20].

Moreover, in case of low lying rectal cancer (below 4 cm 
from the AV) we always propose an ISR as a first option, if 
feasible, according to our institutional guidelines [19]. Pelvic 
lateral lymph node dissection (PLLND) and ISR, together 
with extended rectal resection to adjacent pelvic organs are 
considered as bTME surgical treatments because the dis-
section plane lays outside the boundaries of standard TME. 
We classify the bTME dissection anatomically according 
to the surgical plane into radial (adjacent pelvic organs), 
lateral (pelvic lymph node involvement) and distally longi-
tudinal (ISR). This classification is novel according to our 
knowledge and goes further on from previous definitions 
of bTME by other authors [7, 26–28]. In 2013 the Beyond 
TME Collaborative has published a consensus statement on 
the multidisciplinary management of patients with bTME 
primary and recurrent cancer [4]. They defined a bTME pri-
mary rectal cancer as a tumor which is “predicted by MRI 
to require an extended surgical resection beyond the TME 
plane to achieve a pathological R0 resection”. Our definition 
of “three degrees of dissection” (radial, lateral and longitu-
dinal) is compliant to this previous definition and also aims 
to standardize the surgical treatment for bTME to evaluate 
the patients as a “whole” and not according to a “surgical 
treatment classification”.

To have a high-quality strategy for bTME rectal cancer an 
experienced MDT is of paramount importance for achiev-
ing a R0 resection. Cross-disciplinary skills and multispe-
cialty collaboration with experience in managing complex 
cases are required to provide a coordinated team approach 
[29]. Moreover, state-of-the-art diagnostic, therapeutic and 
interventional radiology, advanced intensive care facilities 
and an available blood-bank support are needed for optimal 
treatment strategy [29].

Radical surgery for bTME involves precise knowledge 
of the pelvic anatomy for both the deep pelvis during 
ISR, the lymphatic lateral compartment and the anterior 

APE abdominoperineal excision; ASA American Society of Anesthesiologists; AV anal verge; BMI body 
mass index; CA19-9 carbohydrate antigen 19–9; CEA carcinoembryonic antigen; ISR intersphincteric 
resection; LAR low anterior resection of the rectum; DRM distal resection margin; PLLND pelvic lateral 
lymph node dissection
a Median (interquartile range)
b Mean (range)
TNM staging system according to American Joint Committee on Cancer  8th edition

Table 1  (continued) Radial n: 19 Lateral n: 30 Longitudinal n: 88 p

Resection margin 0.214
 R0 17 (89.5%) 27 (90.0%) 83 (94.3%)
 R1 1 (5.3%) 1 (3.3%) 5 (5.7%)
 R2 1 (5.3%) 2 (6.7%) 0
 Local recurrence 2 (10.5%) 9 (30.0%) 10 (11.4%) 0.041
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genito-urinary district with the precious assistance from 
other surgical specialties. The present series confirms that 
bTME resections can be performed with a high R0 resec-
tion rate, low mortality and with good oncological long-term 
outcomes also through the use of the robotic platform. We 
report similar morbidity and mortality of previous studies 
performed with open approach [7, 26–28].

In the present study, there are clear differences between 
the three type of bTME regarding pathological (the TNM 
stage (both clinical and pathological), the tumor size, the 
distance from the AV, the preoperative CA19.9 blood levels), 
surgical (the DRM extension, the duration of surgery, the 
post-operative stay) and prognostic characteristics (the OS 
and LR rate). The differences of the oncological variables 
are consequent to the differences between the three types 
of bTME rectal tumors with worst T stage and tumor size 
occurring in the radial group and worst N stage in the lateral 

group. Performing both PLLND and ISR are challenging and 
time consuming even for experienced surgeons, however, 
the need for multidisciplinary cooperation leads the radial 
group to a greater duration of surgery. It is of paramount 
importance that each bTME is discussed in the MDT and 
the surgical date and planning are organized together before 
the surgery to provide an efficient treatment.

Since the first report of robotic pelvic exenteration for 
LARC by Shin et al. [9], also other authors have published 
studies on multivisceral pelvic resections evaluating the 
role of robotics in this technically demanding surgery [10, 
30, 31]. Hino et al. published a retrospective study on a 
large number of patients (n: 31) reporting optimal short-
term outcomes of robotic-assisted multivisceral resection 
of rectal cancer invading or adhering to neighboring organs 
accessing the promising role of robotic surgery for such 
complex resections [10]. With low blood loss rate, no need 

Table 2  Univariate analysis through COX regression for survival

APE abdominoperineal excision; ASA American Society of Anesthesiologists; AV anal verge; BMI body mass index; CA19-9 carbohydrate anti-
gen 19–9; CEA carcinoembryonic antigen; ISR intersphincteric resection; LAR low anterior resection of the rectum; DRM distal resection mar-
gin; PLLND pelvic lateral lymph node dissection

Variables Univariate analysis (OS) Univariate analysis (LRFS)

HR (95% CI) p HR (95% CI) p

Age 1.022 (0.992–1.053) 0.151 0.996 (0.962–1.031) 0.813
Sex Female Reference Reference

Male 1.224 (0.548–2.737) 0.622 1.370 (0.502–3.740) 0.540
BMI  < 25 Reference Reference

 ≥ 25 0.958 (0.451–2.036) 0.912 0.320 (0.094–1.088) 0.068
(y)cT 1–2 Reference Reference

3–4 2.235 (0.509–8.950) 0.300 25.075 (0.103–6115.479) 0.251
(y)cN 0 Reference Reference

1–2 2.351 (0.903–6.124) 0.080 1.481 (0.542–4.043) 0.444
Neoadjuvant treatment No Reference Reference

Yes 0.553 (0.255–1.202) 0.135 0.953 (0.320–2.833) 0.931
(y)pT 1–2 Reference Reference

3–4 7.708 (1.838–32.318) 0.005 5.179 (1.205–22.260) 0.027
(y)pN 0 Reference Reference

1–2 2.994 (1.378–6.506) 0.006 3.178 (1.232–8.200) 0.017
Type of bTME Longitudinal Reference Reference

Lateral 0.935 (0.347–2.534) 0.895 3.133 (1.270–7.726) 0.013
Radial 2.877 (1.249–6.626) 0.013 1.310 (0.287–5.985) 0.727

Post-operative complications No Reference Reference
Yes 0.910 (0.450–1.842) 0.794 1.066 (0.453–2.512) 0.883

Leakage No Reference Reference
Yes 1.526 (0.533–4.365) 0.431 1.748 (0.514–5.938) 0.371

Resection margin R0 Reference Reference
R1 0.584 (0.080–4.289) 0.597 0.884 (0.118–6.606) 0.904
R2 2.038 (0.277–14.990) 0.484 3.661 (0.487–27.519) 0.207

Adjuvant treatment No Reference Reference
Yes 2.036 (0.835–4.964) 0.118 3.137 (0.924–10.656) 0.067
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for intraoperative transfusion, no unplanned conversion and 
low postoperative complication rate, they have reported the 
clinical benefits of robotic-assisted multivisceral  resection10.

In the present study, blood loss was higher (Table 1) 
with seven patients (5.1%) requiring an intraoperative blood 
transfusion. However, this may be consequent to our dif-
ferent inclusion and exclusion criteria which is less strict 
than Hino et al. [10]. In their series, multivisceral resec-
tion with urinary diversion or reconstruction or total pelvic 
exenteration for complete tumor resection were not included 
in the study as were a candidate for open surgery due to no 
coverage for the robotic approach by the Japanese health 
insurance.

No unplanned conversion was reported in our series 
showing that the robotic approach is technically feasible 
in experienced hands and can overcome technical difficul-
ties that may occur during a laparoscopic approach. This 
is important because in previous reports one of the main 
reasons for conversion (in laparoscopic series) was tumor 
fixation to adjacent pelvic organs or structures requiring 
extra-anatomic dissection with rates up to 21.2% [32–35]. 
Moreover, the 2013 Society of American Gastrointestinal 
and Endoscopic Surgeons (SAGES) guidelines for laparo-
scopic resection of curable colon and rectum cancer rec-
ommended open surgery when laparoscopic en-bloc resec-
tion cannot be performed adequately for LARC with the 
suspected invasion of adjacent structures [36]. Our report, 
together with Hino et al. [10], strengthens the role of the 
robotic approach in the treatment of extended LARC and 
pushes forward a re-evaluation of surgical guidelines.

Postoperative complication rate is important to evaluate 
the safety of the surgical treatment. The radial group was the 
most affected by postoperative complications (n:13, 68%) 
compared to the lateral (n: 16, 53%) and the longitudinal 
(n: 37, 42%). Leakage and ileus were more frequent in the 
radial group (n:4, 21% and n: 6, 32%, respectively) com-
pared to the lateral (n: 4, 13% and n: 6, 20%, respectively) 
and the longitudinal (n: 5, 6% and n: 19, 22%, respectively). 
The higher rate of complications of the radial group may 
be consequent to the involvement of complex anatomical 
districts (anterior genito-urinary and posterior sacral bone) 
and the cooperation of different multidisciplinary surgeons 
with possible divergent surgical skills on the robotic plat-
form. Instead, both lateral and ISR dissections are single 
surgeon procedures.

Moreover, the relatively high rate of complication may 
be consequent to our colorectal database in which morbid-
ity and mortality are prospectively maintained, on a weekly 
basis, since 2012 therefore, assuring high quality regarding 
this data.

The present study has a long term follow up with a 
median of 47 months (IQR, 31.5–66.5). This allows us to 
evaluate and discuss the oncological long-term outcomes of 
the three type of bTME.

Survival rates were good for the lateral and longitudinal 
group with 1- and 3-years OS of 96.6% and 84.8% (lateral) 
and 97.7% and 86.9% (longitudinal). OS was the worst for 
the radial group (1- and 3-years OS of 77.8% and 55.0%) 
reflecting the advanced biology of these cases compared to 
the other two types of bTME (p = 0.023).

Table 3  Multivariate analysis 
through COX regression for 
survival

APE abdominoperineal excision; ASA American Society of Anesthesiologists; AV anal verge; BMI body 
mass index; CA19-9 carbohydrate antigen 19–9; CEA carcinoembryonic antigen; ISR intersphincteric 
resection; LAR low anterior resection of the rectum; DRM distal resection margin; PLLND pelvic lateral 
lymph node dissection

Variables Multivariate analysis (OS) Multivariate analysis (LRFS)

HR (95% CI) p HR (95% CI) p

BMI  < 25 – Reference
 ≥ 25 – – 0.418 (0.120–1.462) 0.172

(y)cN 0 Reference –
1–2 1.380 (0.512–3.716) 0.524 – –

(y)pT 1–2 Reference Reference
3–4 5.133 (1.192–22.097) 0.028 3.976 (0.884–17.879) 0.072

(y)pN 0 Reference Reference
1–2 2.835 (1.240–6.482) 0.014 2.050 (0.709–5.930) 0.185

Adjuvant treatment No – Reference
Yes – – 1.482 (0.404–5.433) 0.553

Type of bTME Longitudinal Reference Reference
Lateral 0.692 (0.253–1.894) 0.473 2.391 (0.914–6.254) 0.076
Radial 2.435 (1.026–5.778) 0.044 1.031 (0.220–4.838) 0.969
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Disease-free survival was not significantly different 
between the three types of bTME (p = 0.897).

Local recurrence occurred in 21 patients (15.3%) with 
a statistical difference between the three types of bTME 
(p = 0.041), with the lateral reporting up to 30% (seven lat-
eral, one axial and one anterior).

In our series, the radial group reported the worst OS and 
the lateral group reported the worst LRFS.

The multivariate analysis showed that (y)pT, (y)pN and 
type of bTME were prognostic factors for OS, however, it 
was not possible to find significance for LRFS probably due 
to the relatively low number of cases. Interestingly there was 
no association between resection margin status and LR rate 
as reported by Peacock et al. [37].

The strength of this study is to report a wide experience 
on robotic-assisted bTME and to analyze three different 
types of bTME according to our “three degrees of dissec-
tion” definition of bTME rectal cancers. Clinical, pathologi-
cal and oncological characteristics are reported together with 
long term oncological outcomes with a long-term follow-up.

However, this study has potential limitations. First, it is a 
retrospective analysis of a prospectively maintained database 
therefore, there could be a bias of selection associated with 
this type of analysis. Second, this study reports data only on 
an Asian population (South Korean), with a generally lower 
BMI, from a single institution. Third, a greater patient pool 
is needed to improve the statistical analysis for the identifica-
tion of the prognostic factors for LRFS.

Each of the three groups of bTME may benefit from the 
robotic approach as for (1) allowing the surgeon a better 
dexterity for accessing the pelvic lateral node compartment 
to optimize the dissection; (2) enabling the surgeon to per-
form extensive operations, as for the radial group, with a 
minimally invasive approach with the possible better post-
operative course; (3) providing a detailed anatomy of the 
deep pelvis, as for the longitudinal group, allowing a pre-
cise oncologically safe dissection with preservation of adja-
cent organs (e.g., nerves, urethra, vagina, and pelvic floor 
muscles) [9, 19]. However, further multicentric long term 
studies and eventually randomized controlled trials (compar-
ing open, laparoscopic and robotic approach) are needed to 
confirm our results and to further highlight the benefits and 
limits of robotic surgery for LARC.

This study confirms the surgical and oncological safety of 
robotic-assisted bTME for LARC. To our knowledge, this is 
the first report evaluating bTME rectal cancer according to 
our definition of “three degrees of dissection”.

The results of the “Beyond TME Trial” (NCT02292641), 
completed in October 2019, are awaited by the colorectal 
surgical community to obtain a better detailed MRI imaging 
tumor assessment with a novel radiological staging classifi-
cation for enhancing the selection of patients who may ben-
efit an extended resection and improve the surgical planning.

Conclusions

Our “three degrees of dissection” (radial, lateral and longitu-
dinal) is a novel classification of bTME rectal cancers. This 
study may justify the continuing application of the robotic 
approach to LARC with bTME dissection since short and 
long term outcomes are acceptable. Pathological T and N 
stage and type of bTME were prognostic factors for OS, 
however, no prognostic factors were identified for LRFS 
in this study. Further studies are required to confirm our 
results and strengthen the role of robotic-assisted surgery 
for extended LARC.
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