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L aparoscopic surgery is increasingly used for the treat-
ment of colon cancer, but its use for rectal cancer is more
controversial. Two recent, large, multicenter random-
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specimen extraction was permissible and not defined as an
open conversion. Secondary end points were all prespecified
and included pathological circumferential resection margin
positivity (CRM+; defined as tumor ≤1 mm), intraoperative
complications, postoperative (30-day and 6-month) compli-
cations, 30-day operative mortality, patient-reported bladder
and sexual function, and pathological assessment of the
quality of the plane of surgery. Quality of the plane of surgery
was judged according to the method of Quirke and Dixon,20

grading the pathology specimen in terms of completeness
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in Italy, 92 patients (3 sites) in Denmark, 59 patients (9 sites)
in the United States, 35 patients (1 site) in Finland, 18 patients
(1 site) in South Korea, 16 patients (1 site) in Germany, 11
patients (1 site) in France, 2 patients (1 site) in Australia, and 2
patients (1 site) in Singapore. A total of 471 patients (36.9%)
were randomized: 234 to conventional laparoscopic surgery
and 237 to robotic-assisted laparoscopic surgery (Figure 1). A
total of 466 patients underwent an operation, with 456

(97.9%) undergoing the allocated treatment. Follow-up for
analysis was at 30 days and 6 months, with a final follow-up
date of June 16, 2015.

The 2 treatment groups were well balanced with respect
to baseline characteristics and operative procedures (Table 1).
Of the 466 cases included in the primary intention-to-treat
analysis, low anterior resection was performed in 317 (68.0%)
and abdominoperineal resection was performed in 97

Figure 1. Diagram of the Flow of Participants

1276 Patients assessed for eligibility

805 Excluded
571 Did not meet inclusion criteria

149 Clinical or radiological evidence of metastatic spread
107 Did not have diagnosis of rectal cancer amenable to curative surgery

by low anterior resection, high anterior resection, or abdominoperineal resection
100
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(20.8%). The mean operative time was 37.5 minutes longer in
the robotic-assisted laparoscopic group than in the conven-
tional laparoscopic group (mean [SD] operative time, 298.5
[88.71] vs 261.0 [83.24] minutes, respectively). The length of
hospital stay was similar between groups.

Table 1. Patient Baseline Characteristics, Operative Details,
and Pathology Outcomes

Variable

Conventional
Laparoscopic
Surgery

Robotic-Assisted
Laparoscopic
Surgery

Baseline (n = 234) (n = 237)
Age, mean (SD), y 65.5 (11.93) 64.4 (10.98)
ASA classification, No. (%)

I, Normal healthy patient 52 (22.2) 39 (16.5)
II, Patient with mild systemic disease 124 (53.0) 150 (63.3)
III, Patient with severe systemic disease 52 (22.2) 46 (19.4)
IV, Patient with severe systemic disease
that is a constant threat to life

1 (0.4) 0

Missing 5 (2.1) 2 (0.8)
Sex, No. (%)

Male 159 (67.9) 161 (67.9)
Female 75 (32.1) 76 (32.1)

BMI classification, No. (%)a

Underweight or normal, 0-24.9 87 (37.2) 93 (39.2)
Overweight, 25.0-29.9 92 (39.3) 90 (38.0)
Obese, ≥30.0 55 (23.5) 54 (22.8)

Class I, 30.0-34.9 38 (16.2) 41 (17.3)
Class II, 35.0-39.9 10 (4.3) 9 (3.8)
Class III, ≥40.0 7 (3.0) 4 (1.7)

Preoperative radiotherapy
or chemoradiotherapy, No. (%)

Yes 108 (46.2) 111 (46.8)

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.7219


Participating surgeons had a wide range of previous
experience with conventional and robotic-assisted laparo-
scopic surgery. On average, patients received an operation
performed by a surgeon with experience of a median 91
(interquartile range, 45-180) previous conventional laparo-
scopic operations and a median 50 (interquartile range,
30-101) previous robotic-assisted laparoscopic operations.

Of the 471 patients who were randomized, 219 (46.5%)
received preoperative radiotherapy or chemoradiotherapy,
with no difference between the 2 treatment groups (Table 1).
Also among these 471 patients, 222 (47.1%) received postop-
erative chemotherapy, with no difference between the 2
treatment groups.
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conversion, as reflected by the intracluster correlation coeffi-
cient estimate of 0.05 (95% CI, 0.01 to 0.06).

Results from the sensitivity analysis that extended the pri-
mary analysis model to account for potential learning effects
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benefit of robotic-assisted laparoscopic surgery in this sub-
group of technically challenging patients.

The experience of the participating surgeons was also
evident in the low CRM+ rate (overall, 5.7%), which was
lower than previous trials studying conventional laparoscopy
for rectal cancer: COLOR II, 10%; ACOSOG Z6051, 12.1%; and
ALaCaRT, 7%. Pathological grading of the plane of surgery
showed a good standard, with mesorectal plane surgery
observed in 75.3% overall. This is lower than reported in
COLOR II (88%) and ALaCaRT (87%), but similar to ACOSOG
Z6051 (72.9%), and is probably due to the recognized varia-
tion in reporting between pathologists. In our trial, reporting
of the pathological plane of surgery was standardized to the
method described by Nagtegaal and Quirke.25

In accordance with other studies, robotic-assisted laparo-
scopic surgery was associated with longer operating times and
no benefit over conventional laparoscopic surgery in length of
hospital stay.7,26 A full health care economics analysis will be
reported separately.

The complication rates following conventional and
robotic-assisted laparoscopic surgery were similar, and
there were no safety issues attributable to the robotic sys-
tem. Overall 30-day mortality was low at 0.9%, in keeping
with the results of meta-analyses.7 The leading causes of
intraoperative morbidity were iatrogenic damage to an
organ or structure and significant hemorrhage. In contrast
to other studies, hemorrhage was not more frequently asso-
ciated with robotic-assisted laparoscopic surgery.27 Rectal
cancer surgery is a high-risk intervention, with 32.4% of
patients experiencing a complication within 30 days and
15.5
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