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ABSTRACT
The treatment of rectal cancer is complex and involves special-
ized multidisciplinary care, although the tenet is still rooted in a
high-quality total mesorectal excision. The robotic platform is
one of many tools in the arsenal to assist dissection in the low
pelvis. This article is a comprehensive review of the oncological
outcome comparing robotic vs laparoscopic rectal cancer resec-
tion, with a particular focus on total mesorectal excision. There
is no statistical difference in total mesorectal grade, circumferen-
tial margin, distal margin, and lymph node harvest. Survival data
are less mature, but there is also no difference in disease-free or
overall survival between the two techniques. Although addi-
tional randomized trials are still needed to validate these find-
ings, both techniques are currently acceptable in the minimally
invasive treatment of rectal cancer, and surgeon preference is
paramount to safe and optimal resection.

INTRODUCTION
The treatment of rectal cancer involves a multidisciplinary

approach including some combination of operative resec-
tion, radiation therapy, and systemic therapy for locally
advanced disease.1 The order in which these modalities are
delivered continues to evolve as total neoadjuvant therapy
gains momentum in the literature.2 However, surgical resec-
tion—and particularly a total mesorectal resection (TME)—
continues to be the mainstay therapy for cure.3

Laparoscopic surgery has been adopted during the past
few decades for colectomies and has resulted in less pain,
faster recovery, and shorter hospital length of stay without
jeopardizing oncological outcomes. Lee et al4 summarized
the existing high-quality data regarding open vs laparoscopic
resection of colon cancer including the North American
Clinical Outcomes of Surgical Therapy Trial, the European
Colon carcinoma Laparoscopic or Open Resection trial, and
the UK Conventional versus Laparoscopic-Assisted Surgery
In Colorectal Cancer trial. Laparoscopy naturally expanded
to proctectomies, hoping to help overcome the challenges
that the fixed anatomy of the confined pelvis presents. A few
multicenter randomized surgical trials comparing open vs
laparoscopic rectal cancer were recently published and
showed no significant differences in terms of disease-free
survival and local recurrence between the two techniques.5–7

There are still significant limitations to traditional laparo-
scopic instrumentation that the robotic platform attempts to

improve. Greater degrees of freedom in movement of wristed
instruments, additional assistant arms, and three-dimensional
visualization are advantages of the robotic system that are par-
ticularly attractive for operations in the challenging anatomic
space of the pelvis.8,9 Robotic-assisted surgery is already
widely used in the fields of urology, gynecology, thoracic sur-
gery, and head and neck surgery for these reasons, and interest
in applying this platform to surgery for rectal cancer continues
to grow.
An increasing number of studies have been done to com-

pare oncological outcomes of robot-assisted surgery to lapa-
roscopic surgery in the treatment of rectal cancer. The main
markers of quality oncological resection include TME grade,
circumferential margin status, distal and proximal margin
status, and adequate lymph node harvest, as these have been
shown to correlate with decreased recurrence and improved
survival.10–12 This literature review summarizes the current
data on TME grade and other aspects of oncological out-
come in robot-assisted operations for rectal cancer vs tradi-
tional laparoscopy.

INCLUDED STUDIES
A literature search was conducted on PubMed for journal

articles using the search terms “rectal cancer,” “robotic,” and
“laparoscopic.” Review articles, meta-analyses, and papers
not in English were excluded. From this se search result, we
selected studies comparing oncological outcomes (TME
grade, margin status, lymph node harvest, survival) in robot-
assisted surgery to laparoscopy in rectal cancer resection and
TME (Figure 1). Selected studies were published between
2009 and 2019. There were two prospective randomized
controlled trials comparing the two technologies: the multi-
center Robotic vs Laparoscopic Resection for Rectal Cancer
(ROLARR) trial published in 2017 by Jayne et al,13 and the
single-center study by Kim et al in 2018.14 The remainder of
relevant studies were comparative studies of nonrandomized
robotic vs laparoscopic cases or retrospective case-matched
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series. A study in 2019 by Garfinkle et al15 used a large
nationwide database (American College of Surgeons
National Surgical Quality Improvement Program) to per-
form a propensity score analysis of open vs laparoscopic vs
robotic surgery for rectal cancer.
Multiple abdominal-type operations for rectal cancer were

described in these trials, including tumor-specific TME,
TME, and abdominoperineal resection (APR). Most studies
included both patients who received neoadjuvant chemora-
diation therapy and those who did not, according to institu-
tion or guideline criteria, whereas three studies (Kim et al,16

Huang et al,17 and Lim et al18) focused specifically on rectal
cancer resections after neoadjuvant chemoradiation. The
included studies in this review are summarized in Table 1.

TME GRADE OUTCOMES
TME has been the gold standard for oncological resection

of mid to low rectal cancer since its wide adoption in the
mid-1980s.19 High-quality TME has been shown to reduce
local recurrence rates and increase disease-free survival.3,20–22

However, surgical quality assessment of correct anatomic
dissection via TME grade reporting continues to be incon-
sistent in clinical practice.23

Nagtegaal et al10 recommended three defined groups to cat-
egorize macroscopic mesorectal grading based on the Dutch
TME trial: 1) complete, intact mesorectum with only minor
irregularities of a smooth mesorectal surface and no defect
deeper than 5 mm and no coning toward the distal margin; 2)
nearly complete, moderate bulk to the mesorectum, but irreg-
ularity of the mesorectal surface and/or moderate coning of

the specimen, without visible muscularis propria; and 3)
incomplete, little bulk to the mesorectum with defects down
onto muscular propria and/or very irregular circumferential
resection margin. This seminal article did not observe any dif-
ference in prognosis between the complete and near-complete
groups, but did note that overall recurrence rates were statisti-
cally significantly worse at 2 years in the group with an incom-
plete mesorectum (35.6% vs 21.5%, p5 0.01). Another study
dedicated to investigating surgical TME quality confirmed
that the presence of defects in the mesorectum predisposes
patients to local and distant recurrences, reiterating the
importance of sound surgical dissection in the correct TME
plane.24

Various factors besides surgical skill can affect the success of
TME completeness. Sapci et al25 showed in a study of nearly
700 patients that operative approach (open vs laparoscopic vs
robotic), body mass index, and gender were not associated
with a noncomplete mesorectal grade, but distal tumors
within 5 cm from the anal verge, nonrestorative procedures
(abdominoperineal resection), and positive circumferential
margins were associated with a noncomplete mesorectum.
This suggests that the confines of the narrow pelvis compli-
cate a complete TME for a low-lying rectal mass, a problem
the robotic platform hopes to alleviate.
Given the importance of TME completeness on short-

and long-term oncological outcomes, it is surprising that
TME grade is sparsely reported in the robotic literature.
Table 2 summarizes the studies that included data on TME
grade and completeness. Only Baik et al26 in 2009 reported
a statistically significant difference in favor of robot over lap-
aroscopy, with 92.9% in their robotic group achieving a
complete TME compared to 75.4% in their laparoscopic
group (p5 0.033). In contrast, the ROLARR trial reported
a similar 76.4% vs 77.6% complete TME in robot vs lapa-
roscopy (p 5 0.14).13 Kim et al14 in their smaller random-
ized controlled trial in 2018 also achieved similar results,
with 80.3% in their robotic group vs 78.1% in the laparo-
scopic group (p 5 0.599). A case-matched cohort study in
2016 by Kim et al16 also reported no difference in TME
completeness (97.0% in robotic vs 90.9% in laparoscopic,
p5 0.41). Similarly, independent, prospective nonrandom-
ized studies by Lim et al18 and Valverde et al27 in 2017 com-
paring robotic to laparoscopic rectal cancer resections and
found no difference in TME grade completeness, (95.9% vs
100%, p 5 0.384; and 88% vs 82%, p 5 0.28, respectively).
This comprehensive review highlights the current low stan-
dardized reporting of TME grade in the robotic rectal resec-
tion literature. As more oncological data mature, TME
grade is expected to be reported more often because it has
become a more recognized universal outcome measure.
The Commission on Cancer National Accreditation Pro-

gram for Rectal Cancer recommends standardized synoptic

PubMed Search:
- Journal ar�cles
- Search terms: rectal cancer, 

robo�c, laparoscopic
n = 724 Ar�cles excluded:

- Reviews, systema�c 
reviews, meta-analyses

- Papers not in English
n = 238

Ar�cles screened
n = 486 Ar�cles excluded:

- Studies without 
robo�c vs laparoscopic 
comparison

- No oncologic 
outcomes reported

- Case reports, reviews, 
or meta-analyses

n = 469

Studies included: n = 17
RCTs: n = 2
Prospec�ve compara�ve: n = 6
Retrospec�ve case-matched: n = 9

Figure 1. 17 studies were selected from an initial search of 724 articles on
PubMed. RCTs 5 randomized controlled trials.
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format pathological reporting to include all required data
elements outlined in the College of American Pathologists
rectal cancer protocols, including tumor depth of invasion,
nodal status, completeness of the mesorectal excision, status
of the circumferential margin, and the response of the tumor
to neoadjuvant therapy.28 The National Accreditation Pro-
gram for Rectal Cancer guidelines also highlight the impor-
tance of photographic documentation of the TME specimen
to be presented at a rectal cancer tumor board to assess surgi-
cal quality as a multidisciplinary group. Not only does this
pathological information form the basis for decisions on
adjuvant therapy, but also it serves as an important indicator

of surgical quality and can function as a guide for surgical
improvement.29

Given the paucity of TME completeness in the current
robotic literature, the oncological outcomes remain impor-
tant and are highlighted here.

OTHER ONCOLOGICAL OUTCOMES
Circumferential Margin
A negative circumferential resection margin (CRM) is

strong prognostic indicator of survival. To date, it has
been the most studied element of oncological resection
and is associated intimately with a complete TME.11

Table 2. Total mesorectal excision grade outcomes

Study
TME complete

p Value
Robot Lap

Baik et al26 92.9% 75.4% 0.033

Kim et al16 97.0% 90.9% 0.41

Jayne et al13 76.4% 77.6% 0.14

Lim et al18 95.9% 100% 0.384

Valverde et al27 88.0% 82.0% 0.28

Kim et al14 80.3% 78.1% 0.599

Lap5 laparoscopic; TME5 total mesorectal excision.

Table 3. Circumferential margin outcomes

Study
CRM negative (> 1 mm)

p Value
Robot Lap

Baik et al26 92.9% 91.2% 0.749

Patriti et al36 100% 100% Not reported

Park et al38 92.7% 96.3% 0.542

Kwak et al39 98.3% 100.0% . 0.999

D’Annibale et al�34 100% 88% 0.022

Cho et al31 95.0% 95.3% 1.000

Park et al37 92% 91% 0.976

Kim et al16 78.8% 84.8% 0.42

Huang et al17 100% 94.7% 0.14

Jayne et al13 94.9% 93.8% 0.56

Kim et al32 96.0% 95.1% 0.8231

Lim et al18 95.9% 100% 0.384

Valverde et al27 94% 89% 0.47

Crolla et al33 95.2% 97.8% Univariable p 5 0.24, multivariable
p 5 1.00

Kim et al14 92.4% 93.2% 0.999

Panteleimonitis et al40 96.8% 98.4% 1.000

Garfinkle et al15 94.8% 96.2% 0.46

CRM5 circumferential resection margin; Lap5 laparoscopic, *CRM. 2 mm corresponds to the study by D'Annibale et al. exclusively.
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Factors shown to increase the risk of a positive CRM
include tumor size. 5.9 cm, a distance of# 2.6 cm from
the dentate line, incomplete TME, and high-risk features
such as microvascular and perineural invasion.30 Further-
more, Nagtegaal et al10 showed that even in patients with a
negative CRM, the overall recurrence rate was greater with
incomplete TME (28.6% vs 14.9%, p5 0.03), highlighting
that the quality of macroscopic TME has additional value
beyond microscopic CRM determination.
In the ROLARR trial, there was no statistical difference

in the CRM-negative resection rate between the robotic
group and the laparoscopic group (94.9% vs 93.8%, p 5
0.56).13 The remaining nonrandomized comparative trials
and case-matched series also did not show any statistically
significant difference in CRM-negative rates. Most showed
a greater than 90% CRM-negative rate in both robotic and
laparoscopic resections. In 2015, Cho et al31 compared 278
robotic cases with a case-matched group of 278 laparoscopic
cases and demonstrated CRM-negative rates of 95% vs
95.3%, respectively (p5 1.0). In a similar-size and -design
study published in 2017, Kim et al32 found comparable results
(96% robotic vs 95.1% laparoscopic, p 5 0.823). A Dutch
study in 2018 comparing 168 robotic rectal cancer patients to
184 laparoscopic patients produced similar findings (95.2% vs
97.8%, p5 0.24).33 Of note, one small Italian study in 2012
by D’Annibale et al34,35 reported a statistically significant dif-
ference in CRM status in favor of robotic surgery when using
a CRM cutoff of 2 mm, with 100% negative margins in the
robotic arm vs 88% in the laparoscopic arm (p5 0.022). The

clinical importance of this result when compared to the rest of
the studies is unclear. See Table 3 for all reported CRM out-
comes. In summary, the use of robotic technology does not
appear to improve CRM negativity rates when compared to
laparoscopy.

Distal Margin
Another principle of rectal cancer surgery is achieving an

adequate distal resection margin, as this contributes to lower
local recurrence rates. The National Comprehensive Cancer
Network guidelines recommend a gross resection margin of
4 to 5 cm below the distal edge of the tumor. The robotic
platform theoretically helps to overcome the surgical chal-
lenges of the narrow anatomic space of the pelvis. The
ROLARR trial did not report measured distal margins but
did report one patient in their laparoscopic arm with a posi-
tive distal margin compared to none in the robotic arm.13

Cho et al,31 in 2015, reported a mean distal margin of 2.0 cm
in the robotic group compared to 2.2 cm in their laparoscopic
group, with a nonsignificant p value of 0.161. Kim et al,32 in
2017, also reported no difference in mean distal margins of
2.3 cm vs 2.4 cm in their robotic vs laparoscopic groups (p5
0.374). No studies demonstrated a statistically significant dif-
ference between the two platforms for distal margin. Some
studies also compared proximal margins, all showing no sta-
tistically significant differences when reporting greater than 5
cm both robotically and laparoscopically. Distal and proximal
margin outcome data are consolidated in Table 4.

Table 4. Distal and proximal margin outcomes

Study
Distal margin

p Value
Proximal margin

p Value
Robot Lap Robot Lap

Baik et al,26 mean 6 SD 4.0 6 1.6 cm 3.6 6 1.7 cm 0.497 10.9 6 4.0 cm 10.8 6 4.3 cm 0.971

Patriti et al,36 mean 6 SD 2.1 6 0.9 cm 4.5 6 7.2 cm . 0.05 — — —

Park et al,38 mean 6 SD 2.1 6 1.4 cm 2.3 6 1.5 cm 0.438 17.2 6 6.2 cm 18.5 6 8.5 cm 0.417

Kwak et al,39 median (IQR) 2.2 cm
(1.5–3.0 cm)

2.0 cm
(1.2–3.5 cm)

0.865 — — —

D’Annibale et al,34 mean 6 SD 3 6 1.1 cm 3 6 1.6 cm 0.908 — — —

Cho et al,31 mean 6 SD 2.0 6 1.4 cm 2.2 6 1.4 cm 0.161 10.8 6 6.0 cm 11.2 6 6.1 cm 0.536

Park et al37, mean 6 SD 1.2 6 0.8 cm 1.2 6 0.7 cm 0.739 20.3 6 7.4 cm 21.0 6 10.7 cm 0.575

Kim et al,16 mean 6 SD 2.2 6 1.5 cm 2.2 6 1.7 cm 0.95 17.4 6 2.7 cm 14.2 6 6.0 cm 0.15

Huang et al,17 mean 6 SD 1.7 6 1.4 cm 1.7 6 1.1 cm 0.99 9.6 6 3.4 cm 11.0 6 6.3 cm 0.23

Kim et al,32 mean 6 SD 2.3 6 2.6 cm 2.4 6 2.2 cm 0.3746 — — —

Lim et al,18 mean 6 SD 1.7 6 1.4 cm 2.2 6 1.5 cm 0.339 12.8 6 4.1 cm 14.0 6 5.1 cm 0.070

Valverde et al,27 distal margin . 1 mm 98% 87% 0.61 17 6 9 cm 19 6 10 cm 0.17

Kim et al,14 median (range) 1.5 cm
(0.04–6.7 cm)

0.7 cm
(0–2.5 cm)

0.11 12.3 cm
(4.7–35.8 cm)

13.2 cm
(6.8–29.0 cm)

0.727

Garfinkle et al,15 distal margin negative 98.7% 100% — — — —

IQR5 interquartile range; Lap5 laparoscopic; SD5 standard deviation.
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Lymph Node Harvest
Only one study reported a statistically significant differ-

ence in the number of lymph nodes harvested using robotic
vs laparoscopic surgery, highlighted in Table 5. Kim et al,14

in 2018, obtained a median harvest of 18 lymph nodes in
their robotic group vs 15 in their laparoscopic group (p 5
0.04). In addition, they reported 90.9% of the robotic group
vs 74.0% of their laparoscopic group had more than 12
lymph nodes harvested (p5 0.009). This was their only sta-
tistically significantly different outcome among all their
postoperative pathological outcomes. The largest study by
Cho et al,31 in 2015, reported the mean number of lymph
nodes harvested by robotic vs laparoscopic surgery to be 15.0
vs 16.2, with a nonsignificant difference (p 5 0.069). The
randomized ROLARR trial described the mean lymph
node harvest as 23.2 vs 24.1, but no statistical comparison
was performed.13 Kim et al,32 in 2017, also found no statisti-
cally significant difference in the mean number of lymph

nodes harvested, with 20.2 in their robotic group and 21.0 in
their laparoscopic group (p5 0.4410). Interestingly, several
studies reported mean lymph nodes harvested to be less than
the ideal 12 lymph nodes recommended by the American
Joint Committee on Cancer, the College of American Path-
ologists, and the National Comprehensive Cancer Network,
but still found no statistically significant difference.18,33,36

Because lymph node harvest is often determined by a suffi-
ciently high ligation of the mesenteric vessels, it is not unex-
pected that the robotic platform does not clearly confer an
advantage over laparoscopy in this oncological outcome.

Survival
Few studies reported on long-term overall or disease-free

survival, and their results are tabulated in Table 6. Patriti et al,36

in 2009, stated no difference in overall and disease-free survival
between the robotic and laparoscopic groups throughout the

Table 5. Lymph node harvest outcomes

Study
Lymph node harvest (mean 6 SD)

p Value
Robot Lap

Baik et al,26 mean 6 SD 18.4 6 9.2 18.7 6 12 0.831

Patriti et al,36 mean 6 SD 10.3 6 4 11.2 6 5 . 0.05

Park et al,38 mean 6 SD 17.3 6 7.7 14.2 6 8.9 0.060

Kwak et al,39 median (IQR) 20 (12–27) 21 (14–28) 0.702

D’Annibale et al,34 mean 6 SD 16.5 6 7.1 13.8 6 6.7 0.053

Cho et al,31 mean 6 SD 15.0 6 8.1 16.2 6 8.1 0.069

Park et al,37 mean 6 SD 13.2 6 7.3 15.2 6 10.8 0.126

Kim et al,16 mean 6 SD 22.3 6 11.7 21.6 6 11.0 0.82

Huang et al,17 mean (range) 16.7 (4–46) 15.6 (6–29) 0.49

Jayne et al,13 mean 6 SD 23.2 6 11.97 24.1 6 12.91 —

Kim et al,32 mean 6 SD 20.2 6 12.1 21.0 6 14.4 0.4410

Lim et al,18 mean 6 SD 11.6 6 6.9 14.7 6 6.5 0.971

Crolla et al,33 median (range) 14 (2–44) 7 (0–44) Univariable p , 0.0005

Kim et al,14 median (range) 18 (7–59) 15 (4–40) 0.04

Panteleimonitis et al,40 median (IQR) 17 (13–23.35) 16 (12–23.5) 0.639

Garfinkle et al,15 mean 6 SD 15.6 6 7.6 16.6 6 7.4 0.29

IQR5 interquartile range; Lap5 laparoscopic; SD5 standard deviation.

Table 6. Survival outcomes

Study
DFS (5-year) CSS OS

Robot Lap p Value Robot Lap p Value Robot Lap p Value
Patriti et al36 No difference — — — — No difference —

Cho et al31 81.8% 79.6% 0.538 93.6% 95.5% 0.120 92.2% 93.1% 0.422

Park et al37 80.6% 82.8% 0.298 — — — 88.5% 88.4% 0.899

Kim et al32 72.6% 68.0% 0.6409 90.5% 79.5% 0.4465 90.5% 78.0% 0.3231

Lim et al18 76.8% 76.0% 0.834 — — — 90% 93.3% 0.424

CSS5 cancer-specific survival; DFS5 disease-free survival; Lap5 laparoscopy; OS5 overall survival.
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duration of the study, but did not report a full 5-year follow-
up. In the 2015 study by Cho et al,31 92.2% of the robotic
group survived whereas 93.1% of the laparoscopic group sur-
vived to 5 years (p5 0.422); 81.8% (robotic) vs 79.6% (laparo-
scopic) were cancer free at 5 years (p5 0.538).31 Park et al, 37

in 2015, compared robotic vs laparoscopic outcomes for inter-
sphincteric resections and reported a 5-year overall survival of
88.5% vs 88.4% (p 5 0.899) and a disease-free survival of
80.6% vs 82.8% (p5 0.298). Kim et al, 32 in 2017, compared
a case-matched subset of their robotic vs laparoscopic
patients who reached the 5-year follow-up and reported
90.5% vs 78.0% overall survival, respectively, without a sta-
tistically significant difference (p 5 0.3231); and 72.6% vs
68.0% disease-free survival, respectively, without a statisti-
cally significant difference (p 5 0.6409). However, after
multivariate analysis of their matched patients, they
reported the robotic approach was a statistically significant
prognostic factor for overall survival and cancer-specific sur-
vival (p5 0.0040, Hazard Ratio5 0.333; p5 0.0161, Haz-
ard Ratio 5 0.367).32 Last, in 2017, Lim et al18 reported no
statistically significant difference in overall survival (90% vs
93.3%, p 5 0.424) or disease-free survival (76.8% vs 76.0%,
p5 0.834) between robot and laparoscopy. In summary, no
studies thus far have demonstrated a statistically significant dif-
ference in overall survival, disease-free survival, or cancer-
specific survival.

CONCLUSION
The majority of studies comparing robotic vs laparoscopic

surgery for rectal cancer showed no statistically significant
differences in oncological outcomes of TME completeness,
CRM, distal margin, lymph nodes harvested, and survival
(overall, disease free, and cancer specific). Data thus far con-
firm the noninferiority of the robotic approach compared to
laparoscopy in terms of oncological outcomes. Although
not addressed in this review, nononcological outcomes such
as complications, hospital length of stay, patients’ postoper-
ative experience, cost, and surgical ergonomics also weigh in
on the potential advantages or disadvantages of the robotic
platform. Further prospective, randomized multicenter tri-
als are needed to evaluate and weigh the potential benefits
of the robotic platform against the cost of technology in the
treatment of rectal cancer to define more fully the indica-
tions for its use. The oncological data for robotic rectal can-
cer resection are still immature because the majority of pub-
lications do not include data on TME grade and
completeness, which is well correlated with lower local
recurrence rates and greater survival rates. Because TME
grade, at its core, is an indication of surgical quality, it
would seem to be a good indicator of whether the robotic
platform truly provides the technical advantages over lapa-
roscopy it claims to provide. v
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