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Abstract
Treatment of rectal cancer is ever evolving with the introduction of newer surgical technologies and multimodal 
treatment approach. The literature evaluating the various surgical treatment options with regards to operative and 
nonoperative outcomes is abundant. This is a comprehensive review focused on oncological outcomes of rectal 
cancer resection performed robotically or laparoscopically. Based on the current literature available, there is no 
significant difference in total mesorectal excision completeness, lymph node harvest, positive circumferential 
resection margin, or proximal resection margin between robotic and laparoscopic approaches for rectal resection. 
Selection of surgical approach should not be based on pathological outcomes as they are equivalent. 
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INTRODUCTION
The treatment of rectal cancer has evolved during the last several decades into a multidisciplinary 
model of care. During this time, surgical innovations continued to revolutionize treatment and improve 
patient outcomes, most notably the introduction of total mesorectal excision (TME) by Heald et al.[1]. 
This landmark discovery changed the trajectory of rectal cancer resections and greatly improved patient 
outcomes by reducing pelvic recurrences. Since that time, laparoscopic TME was introduced and has 
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now become standard of care after several large randomized controlled trials (RCTs) assessed oncologic 
outcomes and early postoperative recovery[2-8].

Performing a laparoscopic TME is not without its challenges, especially in a deep narrow pelvis with the 
two-dimensional view and limited dexterity. Robotic TME was introduced to overcome some of these 
challenges. The theoretical technical advantages of robotic TME include a stable camera platform, three-
dimensional view, and better articulation of the surgical instruments[9]. Although this technology has 
gained widespread popularity, it is not without its own set of challenges, including higher cost, longer 
operative time, and loss of tactile sensation. 
 
Surgical innovation continues to play a vital role in the multimodal treatment of rectal cancer. Examining 
the pathologic outcomes is important to ensure appropriate care is provided when introducing new 
technologies. To date, the largest RCT available to compare laparoscopic and robotic rectal resections 
is the ROLARR trial[10]. Several other RCTs are now available, along with numerous meta-analyses to 
further evaluate the literature on pathologic outcomes with robotic compared to laparoscopic rectal cancer 
resections, which are discussed in this review. This review is Part 2 of a two-part series, in which the non-
oncologic outcomes and learning curve are separately discussed. 

Pathologic outcomes
Total mesorectal excision grade
When assessing pathologic outcomes for rectal cancer, the completeness of the TME is one of the important 
oncologic factors to consider. It is also a useful marker to compare the effectiveness and safety of the 
various surgical techniques, such as laparoscopic and robotic. The three RCTs discussed below on robotic 
vs. laparoscopic approach for the treatment of rectal cancer have assessed TME grade or completeness and 
none have shown a significant difference in the quality of TME specimen[10-12]. Furthermore, multiple meta-
analyses have also shown no significant differences. 

The ROLAAR RCT trial included TME pathology specimen grading using the method of Quirke and 
Dixon for completeness and found complete TME in 77.6% of laparoscopic specimens vs. 76.4% of 
robotic specimens (P = 0.14)[10]. A phase II open label prospective RCT also assessed the quality of TME 
by a pathologist, as the primary outcome and found similar results: complete TME 78.1% (laparoscopic) 
vs. 80.3% (robotic) and near complete in 21.9% (laparoscopic) vs. 18.2% (robotic) (P = 0.599)[11]. 
They did, however, note one incomplete TME (1.5%) in the robotic group and none in the laparoscopic 
group. Lastly, a smaller pilot RCT also found no difference in macroscopic judgement of the TME specimen 
with complete TME noted in 17 of 18 robotic samples and 1 nearly complete vs. 13 of 16 complete TME 
and 3 nearly complete (P = 0.323)[12]. 

A recent meta-analysis by Eltair et al.[13] assessed the robotic and. laparoscopic approaches for the treatment 
of rectal cancer within nine RCTs that included 1463 patients (728 robotic vs. 735 laparoscopic)[13]. Four 
RCTs were included in the macroscopic assessment of complete TME, including the three discussed 
above. They found no statistically significant difference in complete resection with zero heterogeneity 
in their assessment. Simillis et al.[14] compared open vs. laparoscopic vs. robotic vs. transanal mesorectal 
excision for rectal cancer in their meta-analysis and included 29 RCTs. The authors reported significantly 
higher incomplete or nearly complete TME in the laparoscopic vs. open group (odds ratio of 1.52), but no 
differences in the laparoscopic vs. robotic (odds ratio of 0.98) approaches. A recent network meta-analysis 
assessed the quality of TME and reported no difference in complete mesorectum excision in the pooled 
analysis of 11 studies[15]. Nine studies were included in the pooled analysis examining near-complete 
mesorectal excision and also reported no difference when comparing laparoscopic vs. robotic methods. 
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One meta-analysis that included 12 studies (11 case-control and only 1 RCT) did find a higher complete 
TME in robotic vs. laparoscopic surgery (odds ratio of 1.83, P = 0.03), however there was significant 
heterogeneity noted in the analysis (I2 = 47%)[16]. Furthermore, this analysis included a majority of case-
control studies, which are of lower level of evidence, while other meta-analyses have included more RCTs 
and prospective studies. 

Lymph node harvest
The current guidelines, including those of the American Joint Committee on Cancer (AJCC) and College of 
American Pathologists (CAP), recommend a minimum of 12 lymph nodes be examined to accurately stage 
rectal cancer in order to aid in the decision for adjuvant treatment[17-19]. The reasons for low lymph node 
harvest can include neoadjuvant treatment, lack of high ligation of the vessels, and potentially poor surgical 
or pathologic technique. When comparing surgical approaches for rectal cancer, it is important to evaluate 
lymph node harvest with each technique. 

The ROLARR RCT performed an intention to treat analysis in which one of the outcomes measured was 
median lymph nodes retrieved[10]. They reported no differences; both groups yielded a high number of 
lymph nodes: 24.1 (laparoscopic) vs. 23.2 (robotic), almost double the minimal requirement. Kim et al.[11] 
noted a higher number of lymph nodes in the robotic (median 18) compared to the laparoscopic group 
(median 15) (P = 0.04) in their RCT. They also examined the rate of 12 or more lymph nodes retrieved in 
their groups and found 90.9% of patients achieved this benchmark in the robotic group compared to 74% 
of patients in the laparoscopic group. Of note, the majority of patients in this single-center RCT received 
preoperative chemoradiation (77.3% in robotic vs. 77.5% in laparoscopic), which might have led to the 
lower number of lymph nodes.

A seven-institution multicenter study examined consecutive patients who underwent robotic or 
laparoscopic intersphincteric resection for low rectal cancer[20]. Propensity score analysis was performed 
with 1:1 case-match, in which no difference was found in the number of lymph nodes retrieved (P = 0.126) 
or the number of positive lymph nodes (P = 0.712). Kim et al.[21] also used propensity score matching to 
analyze their retrospective cohort and, after matching, found no difference in the number of harvested 
lymph nodes (P = 0.44). Furthermore, a propensity score match study was performed in consecutive obese 
patients who underwent laparoscopic or robotic rectal resection at three centers, and no difference was 
noted in the mean lymph node yield (17 in robotic vs. 16 in laparoscopic, P = 0.639)[22]. A single-center 
study examined their prospectively collected database of mid to - distal rectal cancers and found a higher 
median number of lymph nodes harvested (12 in laparoscopic vs. 14 in robotic, P = 0.002)[23]. However, the 
groups however were not matched between the median tumor distance of 8 cm in laparoscopic vs. 7 cm in 
robotic. Moreover, there were more male patients, more comorbidities, and preoperative radiation in the 
robotic surgery group. 

Multiple meta-analyses examining the highest level of evidence available in the form of RCTs have found 
no difference in the number of lymph nodes retrieved when comparing laparoscopic and robotic surgery 
for rectal cancer[13-15,24,25].

Margins
Rectal cancer specimen margins assessed are circumferential radial (CRM), proximal, and distal. Ensuring 
negative margins is of utmost importance in reducing local recurrence rates. Margin assessment is used 
as a marker to examine and compare surgical techniques. The literature on robotic vs. laparoscopic rectal 
resection for each margin status is discussed below. 

Circumferential Radial Margin: The largest RCT to date on robotic vs. laparoscopic resection for rectal 
cancer is the ROLARR trial[10]. In total, 237 patients were randomized to robotic, of whom the CRM 
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status was available for 235, and 234 to laparoscopic with CRM status available for 224 patients. The CRM 
positivity rate was 6.3% in laparoscopic vs. 5.1% in the robotic group (P = 0.56). Kim et al.[11] also found 
similar CRM positivity rates in their RCT with no difference in robotic (6.1%) compared to laparoscopic 
(5.5%) (P = 0.999). Eltair et al.[13] also confirmed no difference in positive CRM in their pooled analysis 
of three RCTs in their meta-analysis, but high heterogeneity was noted (I2 = 57%). Several meta-analyses 
that included retrospective studies along with the available RCTs have also shown no difference in positive 
CRM[14,24-26].

Proximal Resection Margin: Adequate mobilization of the colon, including splenic flexure mobilization, 
should allow for sufficient proximal resection margins in rectal cancer surgery. The advantages of 
laparoscopic and robotic rectal cancer resection with this regard pertain to the smaller incisions required for 
sufficient mobilization compared to open surgery. The three RCTs examined in this review by Jayne et al.[10], 
Kim et al.[11], and Baik et al.[12] reported no difference in proximal resection margins when comparing 
robotic to laparoscopic rectal cancer operations. None of the meta-analyses examined in this review 
reported a difference in proximal margins[13,14,27,28].

Distal Resection Margin: The ROLARR RCT did not compare length of distal margin between the two 
surgical groups but did note one patient had a positive distal margin in the laparoscopic group[10]. Kim et al.[11] 
reported median distal resection margins and noted no statistical difference between robotic (1.5 cm) 
and laparoscopic (0.7 cm) (P = 0.11). Baik et al.[12] also noted no difference in mean or median distal 
resection margins in their groups (P = 0.467). Eltair et al.[13] examined five RCTs, which included 455 
patients, in their meta-analysis for distal resection margins and found slightly longer distal margins in the 
robotic group compared to the laparoscopic one with a mean difference of 0.8 cm (P = 0.004). There was 
significantly high heterogeneity (I2 = 75%) observed in this pooled analysis. A meta-analysis by Liao et al.[27] 
included five RCTs, with 340 patients, and also found longer distal margin in the robotic group compared 
to the laparoscopic one (P = 0.003), but again high heterogeneity was noted (I2 = 75%). Simillis et al.[14] also 
found the robotic surgical approach to have higher distal resection margins when compared to open (7.6 
mm), laparoscopic (6.8 mm), and transanal (6.8 mm) techniques. There were no reported data on positive 
distal margins for any of these groups.

CONCLUSION
Introduction of new surgical techniques to further surgical innovation and improve patient outcomes 
should be judiciously undertaken to ensure patient care, most notably that oncologic outcomes are not 
compromised. The majority of the high-level available evidence has found no differences between the 
two surgical approaches relative to TME completeness, lymph node harvest, positive CRM, or proximal 
resection margin. A longer distal resection margin has been found with robotic compared to laparoscopic 
approaches in meta-analyses, but not in RCTs. However, there is no evidence that a longer distal margin 
translates to better oncological outcomes. 

Based on the current literature, either approach, laparoscopic or robotic, is safe and effective from a 
pathology standpoint. Since the two techniques are comparable, other outcomes and factors need to be 
considered when recommending one versus the other to our patients. The non-pathology outcomes are 
discussed in a separate review and should be strongly considered[29]. 

Scrutinizing ones’ own rectal cancer resection outcomes is even more important than reviewing the 
literature. The Commission on Cancer’s National Accreditation Program for Rectal Cancer was established 
to ensure the highest quality metrics based on the highest level of evidence available are followed[30]. The 
NAPRC requires data collection and monitoring, which should help the provision of optimal care. A 
national program of this caliber allows for further tracking of current care processes to better evaluate 
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the care model to continue improving patient care. Regardless of what surgical technique is chosen by the 
surgeon, a multidisciplinary team approach must be applied to optimize oncologic outcomes[31,32].
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