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Abstract

Background Minimally invasive resection of rectal cancer is controversial due to concerns of the oncologic efficacy and the
difficulties of a laparoscopic total mesorectal excision (TME).

Methods Using the National Cancer Database (NCDB), for the period 2010-2015, perioperative outcomes and overall
survival (OS) in patients with rectal cancer who underwent laparoscopic or robotic low anterior resection (LLAR or RLAR)
were compared to open LAR (OLAR) after propensity score matching.

Results 26,047 patients underwent LAR: 4062 (16%) RLAR, 9236 (35%) LLAR, and 12,749 (49%) OLAR. Patient and
clinical tumor characteristics were similar between groups after matching. The conversion rates among patients undergoing
LLAR and RLAR were 15% and 8%, respectively. In matched OLAR and LLAR patients, longitudinal and circumferential
resection margins (CRM) were positive in 5.4% and 3.2% (p <0.001) and 5.5% and 4.1% (p <0.001); length of stay was 6
and 5 days, (p <0.001); readmission was required in 6.5% and 7.0% (p=0.112); OS at 1, 3, and 5 years were 95.5%, 83.7%,
and 72.0% and 95.9%, 86.3%, and 76.4%, respectively (p <0.001). In matched OLAR and RLAR patients, longitudinal and
CRM were positive in 5.4% and 3.2% (p <0.001) and 5.5% and 3.9% (p < 0.001); length of stay was 6 and 5 days (p <0.001);
readmission was required in 6.1% and 7.9%, (p=0.010); and OS at 1, 3, and 5 years were 96.2%, 86.5%, and 77.1% and
97.5%, 89.4%, and 79.7%, respectively (p=0.001).

Conclusions In this national sample of propensity matched patients with rectal cancer who underwent open, laparoscopic,
or robotic sphincter-saving rectal resection, only small differences in terms of resection margin status, length of stay, read-
mission, and overall survival were revealed. With acknowledgement of the limitations introduced by selection bias, our
data indicate that each of the evaluated operative techniques results in acceptable outcomes for patients with rectal cancer.
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Colorectal cancer is the third most common cancer diag-
nosed in both men and women in the United States. An
estimated 44,180 new cases of rectal cancer will be diag-
nosed in 2019 [1]. Several randomized controlled trials have
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demonstrated that laparoscopic resection of colon cancer
is safe, results in less post-operative pain, enhances earlier
recovery, and is associated with equivalent long-term onco-
logic outcomes as compared with traditional open colectomy
[2-5]. Minimally invasive resection for rectal cancer is more
controversial due to concerns of the oncologic efficacy and
compromised long-term outcomes.

The MRC CLASICC trial was the first randomized con-
trolled trial that compared laparoscopic and open resection
of rectal cancer. Although patients undergoing laparoscopic
low anterior resection demonstrated increased positive cir-
cumferential radial margin (CRM) rates compared to open
resection [6], there was no difference in disease-free survival
(DES) or overall survival (OS) between groups at a median
follow-up of 63 months [7]. Similarly, both the Australasian
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Laparoscopic Cancer of the Rectum Trial (ALaCaRT) [8]
and the American College of Surgeons Oncology Group
(ACOSOG) 76051 trial [9] were unable to establish non-
inferiority of laparoscopic compared with open surgery on
pathological outcomes, but subsequent long-term analysis of
both trials demonstrated equivalent 3-year DFS and OS [10,
11]. The COLOR 1I [12, 13] and COREAN trials [14, 15]
demonstrated similar safety, resection margins, complete-
ness of the resection, and 3-year DFS and OS in patients
undergoing laparoscopic and open surgery.

Robotic surgery has the potential to overcome some of
the limitations of laparoscopic surgery including a 3-dimen-
sional depth of field and articulating instruments that may
facilitate a difficult total mesorectal excision (TME) deep
in the pelvis. In the ROLARR randomized clinical trial,
patients undergoing robotic surgery demonstrated no differ-
ence in conversion rates, intraoperative and post-operative
complications, plane of surgery, or 30-day mortality as com-
pared to patients randomized to laparoscopic surgery [16].
In a systematic review and meta-analysis of five randomized
controlled trials, robotic surgery was associated with lower
conversion rates, longer operative times, similar periopera-
tive mortality, and equivalent rates of CRM involvement
compared to laparoscopic surgery [17].

The aim of this study is to compare perioperative and OS
in patients with resectable rectal cancer undergoing robotic
(RLAR) or laparoscopic low anterior resection (LLAR)
to those patients undergoing open low anterior resection
(OLAR) in the National Cancer Database (NCDB).

Materials and methods
Data sources and patient selection

Using the National Cancer Data Base (NCDB), we per-
formed a retrospective cohort study of all patients with rectal
adenocarcinoma between 2010 and 2015. The NCDB is a
nationwide oncology outcomes database for more than 1500
Commission on Cancer-accredited facilities in the United
States and Puerto Rico. Approximately 70% of all newly
diagnosed cancer cases in the US are captured and reported
to NCDB. This study used data that were de-identified and
was exempt from Colorado Multiple Institutional Review
Board (COMIRB).

A total of 290,015 patients with rectal cancer were identi-
fied in the NCDB. Only patients with histology codes 8140,
8210, 8211, 8261, 8263, 8480, 8480, 8481, clinical category
T1-T4, any N, MO rectal adenocarcinoma undergoing low
anterior resection (procedure codes 30-40) were included
in the initial query. Patients were excluded if any baseline
patient or tumor characteristics were missing. Patients were

categorized by surgical approach as open (OLAR), laparo-
scopic (LLAR), or robotic (RLAR) (Fig. 1).

Baseline Characteristics

Patient demographics including age (<50, 50-69,
>70 years), gender (male, female), race (Black, Cauca-
sian, Other), insurance status (not insured, private insur-
ance, Medicaid/Medicare/Other Gov’t, unknown), income
quartile (< $38,000, $38,000-$47,999, $48,000-$62,999,
>$63,000), education (>93%, 79.0-93%, <79.0% achiev-
ing high school diploma), living location (metro, urban,
rural), Charlson—-Deyo score (0, 1, >2), year of diagnosis
(2010-2014), facility type (community cancer program,
comprehensive community cancer program, academic can-
cer program, integrated network cancer program, unknown),
clinical T-category (T1-T4), clinical N-category (node nega-
tive, node positive), and neoadjuvant radiation (no, yes) were
collected. Program volume status was defined according to
the total number of surgeries performed for rectal cancer at
each cancer program per year: <5, 6-15, 16-35, and > 35.

Pathologic and perioperative outcomes

Conversion to an open procedure was recorded in patients
undergoing robotic or laparoscopic surgery. Pathologic out-
comes including tumor size (<2, 2.0-3.9,4.0-5.9, >5.9 cm,
unknown), grade (well differentiated, moderately differenti-
ated, poorly differentiated, undifferentiated, unknown), lym-
phovascular invasion (no, yes, unknown), longitudinal mar-
gins (negative, positive, unknown), pathologic T-category
(TO, HGD, T1, T1, T2, T3, T4, unknown), N-category (node
negative, node positive, unknown), number of lymph nodes
examined, and rates of positive CRM were recorded. A posi-
tive CRM was defined as any tumor involving the CRM.
Perioperative outcomes including length of stay, readmis-
sion, 30-day mortality, and 90-day mortality were recorded.
Additionally, long-term outcomes including follow-up time,
adjuvant chemotherapy, and overall survival (1-, 3-, 5-year)
were recorded. Patients were followed until the time of death
or until last follow-up, whichever came first.

Statistical analysis

All analyses were performed using STATA, version 15.0
(StataCorp, College Station, Texas). An intention-to-treat
analysis was performed. Patients undergoing RLAR or
LLAR were matched to those undergoing OLAR using
pscore/psmatch2. A 1:1 matched sample was created by
matching patients on the logit of the propensity score using
calipers of width equal to 0.2 of the standard deviation of
the logit of the propensity score. Covariates in the model
included age, gender, race, insurance, income, education,
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Fig. 1 Patient flow diagram
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living location, Charlson—-Deyo score, year of diagnosis,
annual volume, facility type, clinical T- and N-category,
and neoadjuvant radiation. Balance between the groups
was assessed using standardized differences. An absolute
standardized mean difference (SMD) greater than 0.1 was
considered an indicator for substantial imbalances between
the 2 exposure groups, whereas an absolute SMD less than
0.1 was considered a good balance.

Patient pathologic and perioperative outcomes were
compared in each treatment regimen. A Chi square test

@ Springer

was used for categorical variables, and a Student’s ¢ test
or Wilcoxon rank-sum (Mann—Whitney) test were used
for continuous variables. The Kaplan—Meier method was
used to generate survival curves and they were compared
using the log-rank test. A multivariable Cox proportional
hazard model was applied to estimate hazard ratios (HR)
of predictors of mortality. All variables with a p value
of 0.10 or less on univariable analysis were utilized on
multivariable analysis. All comparisons were 2-sided and
statistical significance was defined as a p <0.05.
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Results
All patients

Among 26,047 patients, 4062 (16%) patients underwent
RLAR, 9236 (35%) underwent LLAR, and 12,749 (49%)
underwent OLAR. The median age of all patients was
62 years (IQR 53-71) and 61% of patients were male
(n=15,935). Six percent (n=1650) of patients were
treated at a community cancer program, 41% (n=10,620)
at a comprehensive community cancer program, 38%
(n=9830) at an academic cancer program, and 15%
(n=13947) at an integrated network cancer program. A
clinical T1 tumor was seen in 15% (n=3866) of patients,
T2 in 18% (n=4693), T3 in 63% (n=16,407), and T4
in 4% (n=1081). Nodal disease was clinically positive
in 39% (n=10,089) of patients and 63% (n=16,455)
received neoadjuvant radiation.

Laparoscopic (LLAR) versus open low anterior
resection (OLAR)

Among the 21,985 unmatched patients, 9236 (42%)
patients underwent LLAR and 12,749 (58%) underwent
OLAR. Patients in the laparoscopic group were more
likely to have a higher income, graduate with a high
school degree, live in a metropolitan area, be treated at a
high-volume center, be treated later in the study period,
have a lower clinical T-category, and less likely to receive
neoadjuvant radiation (all ASD > 0.1). There was no
difference in age, gender, race, insurance status, Charl-
son—-Deyo score, facility type, and clinical N-category (all
ASD <0.1). Based on the propensity model, 8663 patients
undergoing LLAR were matched to 8663 patients undergo-
ing OLAR. After matching, there were no statistically sig-
nificant differences between the two propensity-matched
groups with respect to age, gender, race, insurance status,
income, education, living location, Charlson—Deyo score,
year of diagnosis, annual volume, facility type, clinical
T- and N-category, and receipt of neoadjuvant radiation
(all ASD <0.1) (Table 1).

On surgical pathology, tumors in the LLAR group were
more likely to have a lower T-category (p <0.001), but
there was no difference in tumor size, grade, lymphovascu-
lar invasion, number of lymph nodes examined, or lymph
node positivity (all p > 0.05). Patients in the LLAR group
were less likely to have a positive longitudinal margin
(3.8% vs. 5.2%) or a positive CRM (4.1% vs. 5.3%) (both
p<0.001). The conversion rate among patients undergo-
ing LLAR was 14.7% (n=1276). Median length of hos-
pital stay was shorter in the LLAR group (5 vs. 6 days;

p <0.001). There was no difference in readmission rates,
30-day mortality, 90-day mortality, or receipt of adjuvant
chemotherapy between groups (all p > 0.05) (Table 2).

The median follow-up was 37 months (IQR 21-56) in the
OLAR group and 39 months in the LLAR group (p <0.001).
LLAR was associated with a small increase in OS com-
pared to OLAR: 1-year (95.9% vs. 95.5%), 3-year (86.3%
vs. 83.7%), and 5-year (76.4% vs. 72.0%) (Table 2, Fig. 2).
After adjusting for patient and tumor-related characteristics,
LLAR remained associated with an improved OS compared
to OLAR (HR 0.85; 95% CI 0.80-0.91). Other factors inde-
pendently associated with OS on multivariable analysis were
age, gender, race, insurance, income, Charlson-Deyo score,
annual volume, facility type, tumor size and grade, lympho-
vascular invasion, margin status, and pathological T- and
N-category (Table 3).

Robotic (RLAR) versus open LAR (OLAR)

Among the 16,811 unmatched patients, 4062 (24%) patients
underwent RLAR and 12,749 (76%) underwent OLAR.
Patients in the RLAR group were more likely to be younger,
have private insurance, graduate with a high school degree,
have a higher income, and to receive neoadjuvant radiation.
Additionally, patients in the RLAR group were more likely
to be treated later in the study period and to have surgery at
an academic cancer program performing > 35 rectal resec-
tions per year (all ASD > 0.1). There was no difference in
gender, race, living location, Charlson—-Deyo score, and clin-
ical T- and N-category (all ASD <0.1). Based on the propen-
sity model, 3944 patients undergoing RLAR were matched
to 3944 patients undergoing OLAR. After matching, there
were no statistically significant differences between the two
propensity-matched groups with respect to age, gender, race,
insurance status, income, education, living location, Charl-
son—Deyo score, year of diagnosis, annual volume, facility
type, clinical T- and N-category, and receipt of neoadjuvant
radiation (all ASD <0.1)(Table 4).

On surgical pathology, tumors in the RLAR group were
more likely to have a lower T- and N-category, but there
was no difference in tumor size, grade or lymphovascular
invasion between groups (both p>0.05). Patients in the
RLAR group were less likely to have a positive longitudinal
margin (3.2% vs. 5.4%; p <0.001) or a positive CRM (3.9%
vs. 5.5%; p=0.001). The conversion rate among patients
undergoing robotic surgery was 8% (n=302). Although
median length of hospital stay (5 vs. 6 days; p <0.001) was
shorter in the RLAR group, readmission rates were higher
in the RLAR group compared to the OLAR group (8% vs.
6%) (p=0.010). Thirty-day mortality was similar between
groups, but 90-day mortality was significantly higher in
the OLAR group (2% vs. 1%; p=0.027). There was no
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Table 1 Pre-operative characteristics in patients undergoing open and laparoscopic low anterior resection before and after propensity score

matching
Before propensity score matching After propensity score matching
Variable Open Lap SMD Open Lap SMD
N=12,749 N=9236 N=8663 N=8663

Age

<50 1689 (13.3) 1334 (14.4) 0.0664 1266 (14.6) 1222 (14.1) —0.0093
50-69 7279 (57.1) 5440 (58.9) 5025 (58.0) 5062 (58.4)
>70 3781 (29.7) 2462 (26.7) 2372 (27.4) 2379 (27.5)

Gender
Male 7.765 (60.9) 5593 (60.6) —0.0072 5263 (60.8) 5276 (60.9) 0.0031
Female 4984 (39.1) 3643 (39.4) 3400 (39.3) 3387 (39.1)

Race
Caucasian 11,008 (86.3) 7972 (86.3) —0.0244 7458 (86.1) 7495 (86.5) —0.0004
Black 1080 (8.5) 670 (7.3) 719 (8.3) 643 (7.4)
Other 661 (5.2) 594 (6.4) 486 (5.6) 525 (6.1)

Insurance status
Not insured 575 (4.5) 267 (2.9) 0.0600 381 (4.4) 256 (3.0) —0.0061
Private insurance 5762 (45.2) 4787 (51.8) 4157 (48.0) 4377 (50.5)
Medicaid/medicare/other govt 6412 (50.3) 4182 (45.3) 4125 (47.6) 4030 (46.5)

Income
<$38,000 2372 (18.6) 1298 (14.1) -0.1717 1324 (15.3) 1291 (14.9) 0.0005
$38,000-$47,999 3230 (25.3) 2124 (23.0) 2000 (23.1) 2083 (24.0)
$48,000 — $62,999 3440 (27.0) 2482 (26.9) 2418 (27.9) 2356 (27.2)
>$63,000 3707 (29.1) 3332 (36.0) 2921 (33.7) 2933 (33.9)

High school degree
>93% 2763 (21.7) 2415 (26.2) —-0.1180 2191 (24.5) 2136 (24.7) —0.0020
79-93% 7648 (60.0) 5404 (58.5) 5158 (59.5) 5135 (59.3)
<79% 2338 (18.3) 1417 (15.3) 1386 (16.0) 1392 (16.1)

Living location
Metro 10,187 (79.9) 7736 (83.8) 0.1004 7181 (82.9) 7184 (82.9) 0.0011
Urban 2237 (16.7) 1329 (14.4) 1311 (15.1) 1309 (15.1)
Rural 325 (2.6) 171 (1.9) 171 (2.0) 170 (2.0)

Charlson-Deyo score
0 9467 (74.3) 6886 (74.6) 0.0125 6469 (74.7) 6440 (74.3) —0.0002
1 2489 (19.5) 1815 (19.7) 1661 (19.2) 1718 (19.8)
>2 793 (6.2) 535 (5.8) 533 (6.1) 505 (5.9)

Year of diagnosis
2010 2664 (20.9) 1169 (12.7) -0.3211 1178 (13.6) 1169 (13.5) 0.0103
2011 2415 (18.9) 1322 (14.3) 1330 (15.4) 1322 (15.3)
2012 2216 (17.4) 1442 (15.6) 1460 (16.9) 1436 (16.6)
2013 1986 (15.6) 1706 (18.5) 1545 (17.8) 1669 (19.3)
2014 1850 (14.5) 1836 (19.9) 1623 (18.7) 1672 (19.3)
2015 1618 (12.7) 1761 (19.1) 1527 (17.7) 1395 (16.1)

Annual volume
<5 2275 (17.8) 1178 (12.8) -0.1370 1251 (14.4) 1162 (13.4) 0.0207
6-15 4750 (37.3) 3350 (36.3) 3079 (35.5) 3230 (37.3)
16-35 4601 (36.1) 3847 (41.7) 3398 (39.2) 3515 (40.6)
>35 1123 (8.8) 861 (9.3) 935 (10.8) 756 (8.7)

Facility type
Community 1084 (8.5) 458 (5.0) —0.0660 614 (7.1) 452 (5.2) 0.0089
Comprehensive 5163 (40.5) 3960 (42.9) 3364 (38.8) 3776 (43.6)
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Table 1 (continued)
Before propensity score matching After propensity score matching
Variable Open Lap SMD Open Lap SMD
N=12,749 N=9236 N=28663 N=28663
Academic 4640 (36.4) 3404 (36.9) 3384 (39.1) 3109 (35.9)
Integrated 1862 (14.6) 1414 (15.3) 1301 (15.0) 1326 (15.3)
Clinical T-stage
Tl 1777 (13.9) 1625 (17.6) 0.1421 1445 (16.7) 1351 (15.6) —0.0086
T2 2218 (17.4) 1796 (19.5) 1614 (18.6) 1637 (18.9)
T3 8099 (63.5) 5528 (59.9) 5212 (60.2) 5388 (62.2)
T4 655 (5.1) 287 (3.1) 392 (4.5) 287 (3.3)
Clinical N-stage
Node negative 7864 (61.7) 5783 (62.6) 0.0192 5355 (61.8) 5353 (61.8) —0.0005
Node positive 4885 (38.3) 3453 (37.4) 3308 (38.2) 3310 (38.2)
Neoadjuvant radiation
No 4569 (35.8) 3813 (41.3) 0.1121 3388 (39.1) 3378 (39.0) —0.0024
Yes 8180 (64.2) 5423 (58.7) 5275 (60.9) 5285 (61.0)

An absolute standardized mean difference (SMD) greater than 0.1 (bold) was considered statistically significant

All variables listed as number (percent)

SMD standardized mean difference

difference in the percentage of patients receiving adjuvant
chemotherapy between groups (p=0.669) (Table 5).

The median follow-up in the RLAR group was 32 (IQR
20-47) months compared to 31 (IQR 19-47) months in
the OLAR group (p=0.022). RLAR was associated with
a small increase in OS compared to OLAR: 1-year (97.5%
vs. 96.2%), 3-year (89.4% vs. 86.5%), and 5-year (79.7% vs.
77.1%) OS (p=0.001) (Table 5, Fig. 3). After adjusting for
patient and tumor-related characteristics, RLAR remained
associated with an improved OS compared to OLAR (HR
0.84, 95% CI 0.75-0.95). Other factors independently asso-
ciated with OS on multivariable analysis were age, gender,
insurance, income, Charlson-Deyo score, annual surgical
volume, neoadjuvant radiation, tumor size and grade, margin
status, and pathological T- and N-category (Table 6).

Discussion

A total mesorectal excision (TME) is the standard of care for
the surgical treatment of rectal cancer. Preserving the integ-
rity of the mesorectal fascial envelope is associated with
a negative CRM, minimizing the risk of pelvic recurrence
and improving long-term outcomes [18-21]. Based on the
results of prior randomized controlled trials, minimally inva-
sive resection for rectal cancer currently is controversial due
to concerns of the oncologic efficacy and inadequate TME.

In the ACOSOG Z6051 trial [9], a successful resection,
defined as a complete total mesorectal excision, clear CRM
(=1 mm), and clear distal margins (> 1 mm), was achieved

in 82% of patients in the laparoscopic surgery group com-
pared to 87% in the open surgery group (p=0.41 for non-
inferiority). The CRM positivity rate in the laparoscopic
arm was 12.1% and 7.7% in the open arm (p=0.11). In the
ALaCaRT trial [8], a successful resection was achieved in
82% of patients in the laparoscopic group and 89% in the
open group (p=0.38 for noninferiority). Laparoscopic sur-
gery was associated with a positive CRM rate of 7% com-
pared to 3% for open surgery (p=0.06). Based on the results
of these studies, the authors concluded that the there is insuf-
ficient evidence for the routine use of laparoscopic surgery.

However, in the COLOR I trial [12], the completeness
of the resection was not different between the laparoscopic
and open surgery groups. A positive CRM was noted in 10%
of patients in both the laparoscopic and open surgery groups
and the median tumor distance to resection margin were not
different between groups. Similarly, in the COREAN trial
[14], involvement of the CRM was seen in 4% of patients
in the open group and 3% in the laparoscopic group. These
authors concluded that in select patients with rectal cancer
treated by skilled surgeons, laparoscopic surgery results in
similar safety, resection margins, and completeness of resec-
tion to that of open surgery.

While there are few studies that have directly compared
open and robotic rectal cancer surgery [22-24], a recent
systematic review and network meta-analysis indicated that
different approaches to mesorectal excision, including open
and robotic, resulted in largely similar outcomes including
resection margin status, major morbidity, reoperation, and
5-year OS [25]. Prospective randomized controlled trials
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Table 2 Pathologic
characteristics and perioperative
outcomes in patients
undergoing open (N=_8663)

and laparoscopic (N=_8663)

low anterior resection after
propensity score matching

@ Springer

Variable Open Laparoscopic p value
N=8663 N=28663
Conversion to open
No N/A 7387 (85.3) N/A
Yes N/A 1276 (14.7)
Tumor size
<2cm 1248 (14.4) 1331 (15.4) 0.210
2.0-3.9cm 2623 (30.3) 2649 (30.6)
4.0-5.9 cm 2147 (24.8) 2159 (24.9)
>59cm 1069 (12.3) 1005 (11.6)
Unknown 1576 (18.2) 1519 (17.5)
Grade differentiation
Well 763 (8.8) 703 (8.1) 0.210
Moderate 6098 (70.4) 6097 (70.4)
Poor 687 (7.9) 739 (8.5)
Undifferentiated 99 (1.1) 84 (1.0)
Unknown 1016 (11.7) 1040 (12.0)
Lymphovascular invasion
No 5870 (67.8) 5910 (68.2) 0.650
Yes 1241 (14.3) 1199 (13.8)
Unknown 1552 (17.9) 1554 (17.9)
Margin status
Negative 8153 (94.1) 8279 (95.6) <0.001
Positive 447 (5.2) 333 (3.8)
Unknown 63 (0.7) 51 (0.6)
Positive CRM
No 6966 (80.4) 7175 (82.8) <0.001
Yes 463 (5.3) 353 (4.1)
Unknown 1234 (14.2) 1135 (13.1)
T-stage
TO 892 (10.3) 979 (11.3) <0.001
HGD 76 (0.9) 84 (1.0)
T1 1209 (14.0) 1350 (15.6)
T2 2372 (27.4) 2436 (28.1)
T3 3258 (37.6) 3153 (36.4)
T4 290 (3.4) 178 (2.1)
Unknown 566 (6.5) 483 (5.6)
N-stage
Node negative 5645 (65.2) 5699 (65.8) 0.687
Node positive 2386 (27.5) 2346 (27.1)
Unknown 632 (7.3) 618 (7.1)
LN examined, number
Median, IQR 14 (10-19) 14 (10-19) 0.185
Length of stay, days
Median, IQR 6 (4-8) 5@-7) <0.001
Readmission
No 8054 (93.0) 8032 (92.7) 0.112
Yes 566 (6.5) 603 (7.0)
Unknown 43 (0.5) 28 (0.3)
30-day mortality
No 8556 (98.8) 8569 (98.9) 0.381
Yes 100 (1.2) 84 (1.0)
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Table2 (continued) Variable Open Laparoscopic p value
N=28663 N=8663
Unknown 7(0.1) 10 (0.1)
90-day mortality
No 8414 (97.1) 8427 (97.3) 0.521
Yes 201 (2.3) 182 (2.1)
Unknown 48 (0.6) 54 (0.6)
Adjuvant chemotherapy
No 5801 (67.0) 5708 (65.9) 0.232
Yes 2844 (32.8) 2931 (33.8)
Unknown 18 (0.2) 24 (0.3)
Follow-up time, months
Median, IQR 37.0 (21.3-56.3) 38.7 (22.0-57.6) 0.001
Overall survival rates, % (95% CI)
1-year 95.5 (95.0-95.9) 95.9 (95.4-96.3) <0.001
3-year 83.7 (82.8-84.5) 86.3 (85.5-87.1)
S-year 72.0 (70.7-73.2) 76.4 (75.2-77.6)

Statistically significant values (p < 0.05) are given in bold

All categorical variables listed as number (percent) and continuous variables as median (IQR)

IQR interquartile range, HGD high-grade dysplasia, LN lymph nodes, CRM circumferential radial margins

Fig.2 Kaplan—Meier survival
curves for propensity-matched
patients undergoing laparo-

scopic and open low anterior © |
resection

Overall Survival
5
1

Number at risk
Open 8663
Laparoscopic 8663

that have compared laparoscopic and robotic rectal cancer
resection have also demonstrated similar outcomes for the
two techniques [16, 26].

In the present study, a positive CRM occurred in <5%
of patients, regardless of surgical technique. While this
result compares favorably to the results of the ACO-
SOG, ALaCaRT, and COLOR 1I trials, and is in line with
those of the COREAN study, differences in study design,

T T T T T
1 2 3 4 5 6 7

Time in Years Since Diagnosis

7601 6148 4474 2999 1829 854 238
7637 6240 4740 3185 1940 965 247
— Open Laparoscopic

specimen examination, and data collection make cross-
study comparisons difficult. In our study, there were sta-
tistically significant differences in CRM positivity that
favored laparoscopic and robotic surgical techniques.
However, the differences were actually very small (4% vs.
5%) and with consideration of selection bias, the absence
of randomization, and unmeasurable variables (e.g., sur-
geon experience), our results should not be used to support
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Table 3 Univariable and
multivariable Cox proportional
hazard models for predictors
of mortality among patients
undergoing laparoscopic
(n=8633) and open (n=_8633)
low anterior resection after
propensity matching

@ Springer

Univariate model

Multivariate model

Hazard ratio p value Hazard Ratio p value
Approach
Open 1.0 (reference) <0.001 1.0 (reference) 0.005
Laparoscopic 0.83 (0.77-0.88) 0.85 (0.80-0.91)
Age
<50 1.0 (reference) <0.001 1.0 (reference) <0.001
50-69 1.57 (1.37-1.79) 1.43 (1.25-1.64)
>70 4.08 (3.574.67) 2.80 (2.41-3.24)
Gender
Male 1.0 (reference) <0.001 1.0 (reference) <0.001
Female 0.77 (0.71-0.82) 0.77 (0.71-0.82)
Race
Caucasian 1.0 (reference) <0.001 1.0 (reference) 0.002
Black 1.25 (1.11-1.41) 1.16 (1.02-1.31)
Other 0.75 (0.63-0.88) 0.81 (0.69-0.96)
Insurance status
Private insurance 1.0 (reference) <0.001 1.0 (reference) <0.001
Not insured 1.73 (1.44-2.09) 1.40 (1.16-1.68)
Government insurance 2.64 (2.45-2.84) 1.57 (1.43-1.71)
Income
<$38,000 1.0 (reference) <0.001 1.0 (reference) 0.012
$38,000-$47,999 0.92 (0.82-1.02) 0.90 (0.80-1.01)
$48,000-$62,999 0.89 (0.80-0.99) 0.92 (0.81-1.03)
>$63,000 0.76 (0.69-0.84) 0.81 (0.71-0.93)
High school degree
>93% 1.0 (reference) 0.001 1.0 (reference) 0.468
79-93% 1.16 (1.07-1.26) 1.04 (0.94-1.16)
<79% 1.18 (1.06-1.32) 1.06 (0.92-1.22)
Living location
Metro 1.0 (reference) 0.018 1.0 (reference) 0.055
Urban 1.08 (0.99-1.20) 1.02 (0.92-1.13)
Rural 0.73 (0.55-0.98) 0.70 (0.52-0.95)
Charlson-Deyo score
0 1.0 (reference) <0.001 1.0 (reference) <0.001
1 1.52 (1.41-1.65) 1.28 (1.18-1.39)
>2 243 (2.17-2.72) 1.85 (1.65-2.07)
Year of diagnosis
2010 1.0 (reference) 0.016 1.0 (reference) 0.051
2011 0.92 (0.83-1.03) 0.95 (0.85-1.06)
2012 1.03 (0.92-1.15) 1.04 (0.93-1.16)
2013 0.98 (0.87-1.11) 1.03 (0.92-1.16)
2014 1.15 (1.01-1.30) 1.14 (1.01-1.29)
2015 1.19 (1.02-1.38) 1.16 (0.99-1.34)
Annual volume
<5 1.0 (reference) <0.001 1.0 (reference) 0.007
6-15 0.98 (0.89-1.09) 1.04 (0.93-1.17)
16-35 0.82 (0.74-0.91) 0.93 (0.83-1.06)
>35 0.69 (0.59-0.79) 0.84 (0.71-0.99)
Facility type
Academic 1.0 (reference) <0.001 1.0 (reference) 0.009




Node positive

Unknown

1.85 (1.72-1.99)
1.31 (1.15-1.49)

1.41 (1.30-1.53)
1.44 (1.22-1.70)
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Table3 (continued) Univariate model Multivariate model
Hazard ratio p value Hazard Ratio p value
Community 1.38 (1.20-1.59) 1.12 (0.94-1.32)
Comprehensive 1.26 (1.16-1.36) 1.10 (1.01-1.20)
Integrated 1.27 (1.15-1.41) 1.20 (1.08-1.33)
Neoadjuvant radiation
No 1.0 (reference) <0.001 1.0 (reference) 0.750
Yes 0.83 (0.78-0.89) 0.99 (0.92-1.07)
Tumor size
<2cm 1.0 (reference) <0.001 1.0 (reference) 0.002
2.0-3.9cm 1.30 (1.16-1.46) 1.10 (0.97-1.24)
4.0-5.9 cm 1.48 (1.32-1.66) 1.18 (1.04-1.33)
>6.0 cm 1.81 (1.58-2.06) 1.29 (1.12-1.48)
Unknown 1.16 (1.02-1.32) 1.23 (1.07-1.41)
Grade differentiation
Well 1.0 (reference) <0.001 1.0 (reference) <0.001
Moderate 1.01 (0.89-1.15) 0.98 (0.87-1.12)
Poor 1.65 (1.41-1.92) 1.36 (1.16-1.59)
Undifferentiated 2.07 (1.57-2.73) 1.53 (1.16-2.03)
Unknown 0.87 (0.74-1.03) 1.00 (0.85-1.18)
Lymphovascular invasion
No 1.0 (reference) <0.001 1.0 (reference) <0.001
Yes 1.84 (1.70-2.01) 1.25 (1.32-1.37)
Unknown 0.95 (0.86-1.04) 1.05 (0.94-1.16)
Margin status
Negative 1.0 (reference) <0.001 1.0 (reference) <0.001
Positive 2.75 (2.45-3.08) 1.54 (1.32-1.79)
Unknown 1.26 (0.86-1.86) 1.22 (0.82-1.80)
Positive CRM
No 1.0 (reference) <0.001 1.0 (reference) 0.538
Yes 2.14 (1.89-2.42) 1.10 (0.93-1.29)
Unknown 1.01 (0.92-1.12) 1.00 (0.91-1.11)
Pathological T-stage
TO 1.0 (reference) <0.001 1.0 (reference) <0.001
HGD 1.55 (0.99-2.42) 1.36 (0.87-2.13)
T1 1.34 (1.12-1.61) 1.25 (1.03-1.52)
T2 1.74 (1.47-2.05) 1.52 (1.28-1.80)
T3 3.05 (2.61-3.57) 2.22 (1.87-2.62)
T4 6.14 (5.00-7.52) 3.41(2.72-4.26)
Unknown 1.77 (1.43-2.18) 1.32 (1.04-1.67)
Pathological N-stage
Node negative 1.0 (reference) <0.001 1.0 (reference) <0.001

Statistically significant values (p < 0.05) are given in bold
CRM circumferential resection margin, HGD high-grade dysplasia

one surgical technique over another. Due to limitations of
the database, we are not able to assess the impact of CRM
positivity on recurrence rates and disease-free survival
between groups.

Long-term follow-up studies of the prior randomized
controlled trials described previously suggest that long-term
oncologic outcomes are similar between laparoscopic and
open approaches. In the ACOSOG Z6051 trial [11], 2-year
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Table 4 Pre-operative
characteristics in patients
undergoing open and robotic
low anterior resection before
and after propensity score
matching

@ Springer

Variable Before propensity score matching After propensity score matching
Open Robotic SMD Open Robotic SMD
N=12,749 N = 4062 N =3994 N =399%4
Age
<50 1689 (13.3) 656 (16.2) 0.1631 671 (16.8)  625(15.7) —0.0218
50-69 7279 (57.1) 2498 (61.5) 2426 (60.7) 2462 (61.7)
>70 3781 (29.7) 908 (22.4) 897 (22.5) 905 (22.7)
Gender
Male 7.765 (60.9) 2577 (63.4) 0.0523 2553 (63.9) 2534 (63.5) - 0.0099
Female 4984 (39.1) 1485 (36.6) 1441 (36.1) 1460 (36.5)
Race
Caucasian 11,008 (86.3) 3542 (87.2) —0.0112 3473 (87.0) 3482(87.2) —0.0196
Black 1080 (8.5) 251 (6.2) 307 (7.7) 248 (6.2)
Other 661 (5.2) 269 (6.6) 214 (5.3) 264 (6.6)
Insurance status
Not insured 575 (4.5) 80 (2.0) 0.1053 151 (3.8) 78 (2.0) 0.0014
Private insurance 5762 (45.2) 2280 (56.1) 2074 (51.9) 2217 (55.5)
Government 6412 (50.3) 1702 (41.9) 1769 (44.3) 1699 (42.5)
Income
< $38,000 2372 (18.6) 605(14.9) —0.1552 601 (15.1) 604 (15.1) 0.0051
$38,000-$47,999 3230 (25.3) 910 (22.4) 913 (22.9) 907 (22.7)
$48,000-$62,999 3440 (27.0) 1107 (27.3) 1070 (27.8) 1095 (27.4)
$63,000+ 3707 (29.1) 1440 (35.5) 1410 (35.3) 1388 (34.8)
High school degree
>93% 2763 (21.7) 1092 (26.9) —0.1454 1103 (27.6) 1046 (26.2) 0.0162
79-93% 7648 (60.0) 2386 (58.7) 2293 (57.4) 2366 (59.2)
<79% 2338 (18.3) 584 (14.4) 598 (15.0) 582 (14.6)
Living location
Metro 10,187 (79.9) 3375 (83.1) 0.0804 3286 (82.3) 3309 (82.9) 0.0129
Urban 2237 (16.7) 604 (14.9) 625 (15.7) 602 (15.1)
Rural 325 (2.6) 83 (2.0) 83 (2.1) 83 (2.1)
Charlson-Deyo Score
0 9467 (74.3) 3099 (76.3) 0.0587 3028 (75.8) 3036 (76.0) 0.0143
1 2489 (19.5) 763 (18.9) 743 (18.6) 758 (19.0)
>2 793 (6.2) 200 (4.9) 223 (5.6) 199 (5.0)
Year of diagnosis
2010 2664 (20.9) 227(5.6) —0.7163 262 (6.6) 227(5.7)  —0.0060
2011 2415 (18.9) 382(9.4) 366 (9.2) 382 (9.6)
2012 2216 (17.4) 521 (12.8) 519 (13.0) 521 (13.0)
2013 1986 (15.6) 684 (16.8) 666 (16.7) 684 (17.1)
2014 1850 (14.5) 1014 (25.0) 979 (24.5) 1011 (25.3)
2015 1618 (12.7) 1234 (30.4) 1202 (30.1) 1169 (29.3)
Annual volume
<5 2275(17.8) 352(8.7) —0.3193 415(10.4) 352(8.8) 0.0160
6-15 4750 (37.3) 1322 (32.6) 1262 (31.6) 1322 (33.1)
16-35 4601 (36.1) 1873 (46.1) 1732 (43.4) 1854 (46.4)
>35 1123 (8.8) 515 (12.7) 585(14.7) 466 (11.7)
Facility type
Community 1084 (8.5) 108 (2.7) —0.2154 164 (4.1) 108 (2.7) 0.0298
Comprehensive 5163 (40.5) 1497 (36.9) 1341 (33.6) 1496 (37.5)
Academic 4640 (36.4) 1786 (44.0) 1786 (44.7) 1736 (43.5)
Integrated 1862 (14.6) 671 (16.5) 703 (17.6) 654 (16.4)
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Table 4 (continued) Variable Before propensity score matching After propensity score matching
Open Robotic SMD Open Robotic SMD
N=12,749 N = 4062 N =3994 N =399%4
Clinical T-stage
T1 1777 (13.9) 464 (11.4) —0.0527 501 (12.5) 461 (11.5) 0.0090
T2 2218 (17.4) 679 (16.7) 659 (16.5) 670 (16.8)
T3 8099 (63.5) 2780 (68.4) 2602 (65.2) 2727 (68.3)
T4 655 (5.1) 139 3.4) 232 (5.8) 136 (3.4)
Clinical N-stage
Node negative 7864 (61.7) 2311 (56.9) —0.0976 2263 (56.7) 2286 (57.2) 0.0116
Node positive 4885 (38.3) 1751 (43.1) 1731 (43.3) 1708 (42.8)
Neoadjuvant radiation
No 4569 (35.8) 1210(29.8) —0.1291 1187 (29.7) 1204 (30.2) 0.0093
Yes 8180 (64.2) 2852 (70.2) 2807 (70.3) 2790 (69.8)

All variables listed as number (percent)

SMD standardized mean difference

An absolute standardized mean difference (SMD) greater than 0.1 (bold) was considered statistically sig-

nificant

DFS was 79.5% in the laparoscopic group and 83.2% in the
open group. Local/regional and distant recurrence were 4.6%
and 14.6%, respectively, in the laparoscopic group and 4.5%
and 16.7%, respectively, in the open group. In the ALaCaRT
trial [10], 2-year DFS and OS were 80% and 94%, respec-
tively, in the laparoscopic group and 82% and 93%, respec-
tively, in the open group. In the COLOR 1II trial [13], 3-year
DFS and OS were 74.8% and 86.7%, respectively, in the
laparoscopic group and 70.8% and 83.6%, respectively, in
the open group. In the COREAN trial [15], 3-year DFS was
79.2% for the laparoscopic surgery group and 72.5% for the
laparoscopic surgery group, with a difference that was lower
than the prespecified noninferiority margin. In our study,
only overall survival could be assessed and for all patients
was in the range of 95-97%, 84-89%, and 72-80%, at 1,
3, and 5 years, respectively, with little measurable differ-
ence among operative techniques after adjusting for baseline
patient demographics and pathologic tumor characteristics.
These overall survival estimates appear to be in line with
those of the randomized ALaCaRT and COLOR II trials.

The conversion rate of laparoscopic rectal cancer surgery
ranges from 1% in the COREAN trial, 9% in the ALaCaRT
trial, 11% in the ACOSOG Z6051 trial, 17% in the COLOR
II trial, to 34% in the CLASSIC trial. Robotic surgery may
facilitate a difficult dissection in the pelvis by providing
superior visualization and improved range of motion with
articulating instruments resulting in fewer conversions to
an operation. In the ROLARR trial [16], the conversion
rate was not statistically different between the laparoscopic
(12%) and robotic (8%) groups, which is comparable to the
conversion rate in the present study (LLAR 15%, RLAR
8%).

Minimally invasive techniques in rectal cancer resection
may improve perioperative recovery. Patients undergoing
laparoscopic surgery in the COREAN, MRC CLASSIC,
COLOR II, ALaCaRT, and ACOSOG Z6051 trials had
earlier return to bowel function, but only the CLASSIC
(laparoscopic 11 days, open 13 days) and COLOR II (lapa-
roscopic 8 days, open 9 days) trials demonstrated a shorter
length of hospital stay. A recent systematic review and net-
work meta-analysis also demonstrated faster recovery with
decreased morbidity with laparoscopic or robotic techniques
compared to open surgery [25]. In the present study, median
length of hospital stay was shorter in the LLAR and RLAR
groups compared to the OLAR group (5 vs. 6 days, respec-
tively). These are shorter than reported in the ROLARR
trial (8 days in both laparoscopic and robotic groups) and
may have resulted in a higher 90-day readmission rate in
the RLAR group compared to the OLAR group (8% vs. 6%,
respectively). Alternatively, RLAR may be associated with
increased post-operative complications. However, due to
limitations of the database, we cannot evaluate periopera-
tive complications in the present study. The COREAN, MRC
CLASSIC, COLOR II, ALaCaRT, and ACOSOG Z6051
trials demonstrated equivalent perioperative morbidity and
mortality in the laparoscopic and open groups.

The present study does have several limitations. Although
the NCDB is a large, powerful database, it does have inher-
ent weaknesses [27]. Many potentially important health-
associated factors (e.g., comorbidities, functional status,
etc.) are not recorded in the NCDB. Prior studies suggest
that the Charlson—Deyo comorbidities scores reported in the
NCDB may be lower than those reported based on SEER-
Medicare Prior claims [28, 29] and misclassification in the
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Table 5 Pathologic
characteristics and perioperative
outcomes in patients undergoing
open (N=3994) and robotic
(N=3994) low anterior
resection after propensity score
matching

@ Springer

Variable Open Robotic p value
N=3944 N=3944
Conversion to open
No N/A 3692 (92.4) N/A
Yes N/A 302 (7.6)
Tumor size
<2cm 517 (12.9) 544 (13.6) 0.216
2.0-3.9cm 1180 (29.5) 1239 (31.0)
4.0-5.9 cm 1027 (25.7) 1026 (25.7)
>6.0 cm 522 (13.1) 507 (12.7)
Unknown 748 (18.7) 678 (17.0)
Grade differentiation
Well 329 (8.2) 330 (8.3) 0.311
Moderate 2757 (69.0) 2777 (69.5)
Poor 322 (8.1) 312 (7.8)
Undifferentiated 45 (1.1) 27 (0.7)
Unknown 541 (13.6) 548 (13.7)
Lymphovascular invasion
No 2680 (67.1) 2707 (67.9) 0.281
Yes 558 (14.0) 510 (12.7)
Unknown 756 (18.9) 774 (19.4)
Margin status
Negative 3760 (94.1) 3845 (96.3) <0.001
Positive 214 (5.4) 130 (3.2)
Unknown 23 (0.5) 19 (0.5)
Positive CRM
No 3212 (80.4) 3303 (82.7) 0.001
Yes 221 (5.5) 156 (3.9)
Unknown 561 (14.1) 535 (13.4)
T-stage
TO 472 (11.8) 548 (13.7) <0.001
HGD 33(0.8) 44 (1.1)
T1 477 (11.9) 547 (13.7)
T2 1107 (27.7) 1154 (28.9)
T3 1522 (38.1) 1430 (35.8)
T4 138 (3.4) 53(1.3)
Unknown 245 (6.1) 218 (5.5)
N-stage
Node negative 2632 (65.9) 2761 (69.1) <0.001
Node positive 1119 (28.0) 1072 (26.8)
Unknown 243 (6.1) 161 (4.1)
LN examined, number
Median, IQR 15 (10-20) 15 (11-20) 0.023
Length of stay, days
Median, IQR 6 (4-8) 5@-7) <0.001
Readmission
No 3729 (93.4) 3659 (91.6) 0.010
Yes 245 (6.1) 314 (7.9)
Unknown 20 (0.5) 21 (0.5)
30-day mortality
No 3950 (98.9) 3965 (99.3) 0.136
Yes 42 (1.1) 26 (0.7)
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Table 5 (continued) Variable Open Robotic p value
N=3944 N=3944
Unknown 2(0.1) 3(0.1)
90-day mortality
No 3889 (97.4) 3924 (98.3) 0.027
Yes 84 (2.1) 55(1.4)
Unknown 21(0.5) 15 (0.3)
Adjuvant chemotherapy
No 2611 (65.3) 2665 (66.7) 0.442
Yes 1377 (34.5) 1323 (33.1)
Unknown 6(0.2) 6(0.2)
Follow-up time, months
Median, IQR 30.9 (18.8-46.9) 32.0 (20.5-47.1) 0.022
Overall survival rates, % (95% CI)
1-year 96.2 (95.4-96.9) 97.5 (96.8-98.0) 0.001
3-year 86.5 (84.9-87.8) 89.4 (88.0-90.7)
S-year 77.1 (74.6-79.3) 79.7 (77.1-82.0)

Statistically significant values (p < 0.05) are given in bold

All categorical variables listed as number (percent) and continuous variables as median (IQR)

IQR interquartile range, HGD high-grade dysplasia, LN lymph nodes, CRM circumferential radial margins

Fig.3 Kaplan—Meier survival -
curves for propensity-matched

patients undergoing robotic and
open low anterior resection ©

Overall Survival
5
1

Number at risk
Open 3994
Robotic 3994

NCDB comorbidity ascertainment may impact survival
results [30]. Because the NCDB does not include data-
points (i.e., overall state of health, physical capacity, body
habitus, prior abdominal operations resulting in dense adhe-
sions, tumor distance from the anal verge, a threatened TME
plane, etc.) that may be used to determine the individualized
decision for selecting LLAR or RLAR, a selection biases
in the propensity matching may account for the differences

T T T T T
1 2 3 4 5 6 7

Time in Years Since Diagnosis

3482 2596 1612 947 506 213 49
3537 2707 1676 957 518 213 56
Open ——— Robotic

in outcomes. Recurrence and complication rates are not
recorded in the NCDB, so we are not able to evaluate the
impact of these outcomes on overall survival. Lastly, this
study cannot evaluate other factors that may influence out-
comes such as multidisciplinary clinics, advanced surgical
training, surgical quality measures, staffing of intensive care
units, availability of diagnostic technology, access to clinical
trials, and the intensity post-resection cancer surveillance.
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Table 6 Univariable and
multivariable Cox proportional
hazard models for predictors
of mortality among patients
undergoing robotic (n=3944)
and open (n=3944) low
anterior resection after
propensity matching

@ Springer

Univariate model

Multivariate model

Hazard ratio p value Hazard ratio p value
Approach
Open 1.0 (reference) <0.001 1.0 (reference) 0.005
Robotic 0.77 (0.68-0.86) 0.84 (0.75-0.95)
Age
<50 1.0 (reference) <0.001 1.0 (reference) <0.001
50-69 1.47 (1.21-1.80) 1.37 (1.11-1.67)
>70 3.50 (2.86—4.29) 2.59 (2.06-3.26)
Gender
Male 1.0 (reference) <0.001 1.0 (reference) <0.001
Female 0.78 (0.69-0.89) 0.80 (0.71-0.91)
Race
Caucasian 1.0 (reference) 0.370 Not included
Black 1.12 (0.90-1.39)
Other 0.89 (0.69-1.15)
Insurance status
Private insurance 1.0 (reference) <0.001 1.0 (reference) <0.001
Not insured 1.40 (0.98-1.99) 1.10 (0.77-1.58)
Government insurance 2.30 (2.04-2.59) 1.43 (1.24-1.66)
Income
<$38,000 1.0 (reference) <0.001 1.0 (reference) 0.021
$38,000-$47,999 0.91 (0.76-1.08) 0.82 (0.67-0.99)
$48,000-$62,999 0.76 (0.63-0.90) 0.74 (0.61-0.90)
>$63,000 0.73 (0.62-0.86) 0.75 (0.61-0.93)
High school degree
>93% 1.0 (reference) 0.028 1.0 (reference) 0.146
79-93% 1.19 (1.04-1.36) 1.15 (0.95-1.38)
<79% 1.22 (1.01-1.47) 1.14 (0.90-1.44)
Living location
Metro 1.0 (reference) 0.384 Not included
Urban 1.00 (0.85-1.18)
Rural 1.30 (0.90-1.88)
Charlson—Deyo score
0 1.0 (reference) <0.001 1.0 (reference) <0.001
1 1.44 (1.26-1.65) 1.30 (1.13-1.50)
>2 2.29 (1.87-2.81) 1.77 (1.44-2.18)
Year of DIAGNOSIS
2010 1.0 (reference) 0.102 Not included
2011 1.04 (0.83-1.31)
2012 1.14 (0.91-1.42)
2013 1.05 (0.83-1.33)
2014 1.32 (1.05-1.66)
2015 1.17 (0.91-1.51)
Annual volume
<5 1.0 (reference) <0.001 1.0 (reference) 0.007
6-15 0.95 (0.78-1.16) 0.94 (0.77-1.15)
16-35 0.77 (0.63-0.93) 0.80 (0.65-0.97)
>35 0.67 (0.53-0.85) 0.73 (0.57-0.93)
Facility type
Academic 1.0 (reference) 0.414 Not included
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Table 6 (continued) Univariate model Multivariate model
Hazard ratio p value Hazard ratio p value
Community 1.18 (0.87-1.61)
Comprehensive 1.10 (0.97-1.25)
Integrated 1.07 (0.91-1.26)
Neoadjuvant radiation
No 1.0 (reference) <0.001 1.0 (reference) 0.006
Yes 0.77 (0.68-0.86) 0.83 (0.73-0.95)
Tumor size
<2cm 1.0 (reference) <0.001 1.0 (reference) <0.001
2.0-3.9cm 1.17 (0.95-1.44) 1.06 (0.86-1.31)
4.0-59 cm 1.49 (1.22-1.83) 1.24 (1.00-1.53)
>6.0 cm 1.67 (1.33-2.10) 1.28 (1.01-1.63)
Unknown 1.25 (0.99-1.56) 1.35 (1.07-1.70)
Grade differentiation
Well 1.0 (reference) <0.001 1.0 (reference) <0.001
Moderate 1.12 (0.90-1.40) 1.15 (0.92-1.43)
Poor 2.11 (1.63-2.75) 1.60 (1.22-2.08)
Undifferentiated 2.87 (1.83-4.52) 1.75 (1.10-2.78)
Unknown 1.08 (0.82-1.41) 1.28 (0.97-1.69)
Lymphovascular invasion
No 1.0 (reference) <0.001 1.0 (reference) 0.320
Yes 1.84 (1.59-2.12) 1.13 (0.86-1.32)
Unknown 0.98 (0.83-1.14) 1.03 (0.87-1.22)
Margin status
Negative 1.0 (reference) <0.001 1.0 (reference) <0.001
Positive 3.11 (2.58-3.76) 1.60 (1.23-2.07)
Unknown 1.72 (0.89-3.32) 1.80 (0.93-3.50)
Positive CRM
No 1.0 (reference) <0.001 1.0 (reference) 0.134
Yes 2.48 (2.04-3.02) 1.26 (0.97-1.65)
Unknown 0.88 (0.74-1.05) 0.93 (0.77-1.12)
T-stage
TO 1.0 (reference) <0.001 1.0 (reference) <0.001
HGD 0.50 (0.16-1.58) 0.47 (0.15-1.49)
T1 1.09 (0.80-1.48) 0.97 (0.70-1.34)
T2 1.57 (1.21-2.02) 1.38 (1.06-1.81)
T3 2.95 (2.32-3.75) 2.12 (1.64-2.74)
T4 7.68 (5.62-10.49) 3.97 (2.81-5.61)
Unknown 1.68 (1.19-2.37) 1.12 (0.75-1.68)
N-stage
Node negative 1.0 (reference) <0.001 1.0 (reference) <0.001

Node positive

Unknown

2.25 (2.00-2.53)
1.45 (1.13-1.93)

1.70 (1.49-1.94)
1.70 (1.2-2.42)

Statistically significant values (p < 0.05) are given in bold

CRM circumferential radial margins

In conclusion, in this national sample, a comparison of
matched groups of patients with rectal cancer who under-
went open, laparoscopic, or robotic sphincter-saving rec-
tal resection, revealed only small differences in terms of

resection margin status, length of stay, readmission, and
overall survival. With acknowledgement of the meaningful
limitations introduced by selection bias, our data indicate
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that each of the evaluated operative techniques results in
acceptable outcomes for patients with rectal cancer.
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