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Abstract
Background Randomized controlled trials have been unable to demonstrate noninferiority of minimally invasive surgery for 
rectal cancer. The aim of this study was to assess oncologic resection success, short- and long-term morbidity, and overall 
survival by operative approach in a homogenous early-stage rectal cancer cohort.
Methods This is a multicenter, propensity score-weighted cohort study utilizing deidentified data from the National Cancer 
Database. Individuals who underwent a formal proctectomy for early-stage rectal cancer (T1-2, N0, M0) from 2010 to 2015 
were included. The primary outcome was a composite variable indicating successful oncologic resection stratified by opera-
tive approach, defined as negative margins with at least 12 lymph nodes evaluated.
Results Among 3649 proctectomies for rectal adenocarcinoma, 1660 (45%) were approached open, 1461 (40%) laparoscopi-
cally, and 528 (15%) robotically. After propensity score weighting, compared to open approach, there were no differences in 
odds of successful oncologic resection  (ORadj = 1.07, 95% CI 0.9, 1.28 and  ORadj = 1.28, 95% CI 0.97, 1.7). Open approach 
was associated with longer mean (± SD) length of stay compared to laparoscopic (7.7 ± 0.18 vs. 6.5 ± 0.25 days, p < 0.001) 
and robotic (7.7 ± 0.18 vs. 6.3 ± 0.35 days, p < 0.001) approaches. In regard to 90-day mortality, compared to open approach, 
laparoscopic  (ORadj = 0.56, 95% CI 0.36, 0.88) and robotic  (ORadj = 0.45, 95% CI 0.22, 0.94) approaches were associated 
with a reduced odd of 90-day mortality. This mortality benefit persists in the long-term for laparoscopic approach (p = 0.003).
Conclusion For individuals with early-stage rectal cancer treated with proctectomy, successful oncologic resection can 
be achieved irrespective of technical approach. Minimally invasive approaches provide short-term reduction in morbid-
ity. Surgical approach must be tailored to each patient based on surgeon experience and judgement in collaboration with a 
multi-disciplinary team.
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Despite increased rates of screening for colorectal cancer 
(CRC), rectal cancer is becoming more prevalent. The esti-
mated number of cases in 2019 in the USA was approxi-
mately 44,000 [1]. Advancements in medical and surgical 
care have improved survival for rectal cancer patients in 

recent decades. Concurrently, minimally invasive surgical 
techniques have become more widespread for most gastro-
intestinal malignancies [2]. There have been several trials 
that raise concern about the equivalence of laparoscopic 
and robotic approaches to traditional open surgery, and data 
on long-term oncologic outcomes are controversial [3–7]. 
Several meta-analyses have examined the rate of complete 
total mesorectal excision (TME) with inconsistent results. 
Some have shown a higher risk of incomplete TME with 
minimally invasive techniques and others have suggested 
equivalent oncologic resection success rates [8, 9]. Addi-
tionally, translation of these outcomes to both surgeons and 
patients outside of clinical trials has not been evaluated.
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Differences in care pathways and treatment response pat-
terns confound evaluation of surgical technique. Inclusion 
of patients in whom margin positivity is related to tumor-
specific factors rather than surgical quality creates a het-
erogeneous dataset and variation in neoadjuvant treatment 
patterns are known to effect oncologic outcomes [10]. In 
order to better understand the role of surgical technique on 
oncologic outcomes, this study intentionally focused on 
individuals with early-stage disease who did not receive 
neoadjuvant therapy.

The aim of this study is to evaluate oncologic resection 
success in early-stage rectal cancer, and to compare short- 
and long-term outcomes of laparoscopic, robotic, and open 
surgical approaches.

Materials and methods

This multicenter cohort study evaluated incidence of suc-
cessful oncologic resection and short- and long-term out-
comes by operative approach. Propensity score weighting 
was utilized to account for potential bias associated with 
known pre-operative variables.

Data source

The 2016 American College of Surgeons National Cancer 
Database (ACS NCDB) from 2010–2015.

Patient population

Individuals greater than 18 years of age who underwent 
open, laparoscopic, or robotic proctectomies for invasive 
rectal adenocarcinoma were included in this study. Cases 
requiring conversion to open were included in their original 
cohort for analysis to reduce selection bias. Individuals were 
excluded if they underwent local excisions or multi-visceral 
resections. Only those with pre-operative early-stage dis-
ease (T1-T2, N0, M0) and who did not receive neoadjuvant 
chemoradiation were included in this study. These criteria 
were defined to create a homogenous tumor- and treatment-
specific population by which to compare approach. This was 
an attempt to reduce bias, for example, in patients who were 
coded as having early-stage disease but for whom received 
neoadjuvant chemoradiation. Individuals who lacked values 
or for which data was unknown for the following data fields: 
insurance status, race, Hispanic origin, length of stay, tumor 
grade, surgical margins, lymph node examination, unplanned 
readmission, and 30- and 90-day mortality were excluded 
from this study.

Outcome variables

The primary outcome of this study was a composite variable 
representing successful oncologic resection as defined by neg-
ative margin status as well as pathologic evaluation of 12 or 
more lymph nodes [11–15]. ACS NCDB characterizes nega-
tive margin status as all margins grossly and microscopically 
uninvolved. The secondary outcomes were 30-day readmis-
sion, length of stay, 90-day or post-operative mortality, and 
long-term overall survival for those individuals with confirmed 
pathologic early-stage disease.

Estimating propensity scores

Propensity scores as regression weights were estimated using 
boosted regression and minimization of Kolmogorov–Smirnov 
(KS) statistic sums to optimize pre-treatment covariate bal-
ance between cohorts, effectively minimizing selection bias 
[16–18]. Estimated propensity score models included age, sex, 
insurance status, ethnicity, Charlson/Deyo co-morbidity score, 
T-stage, and tumor grade. Facility procedure volume for the 
study time period was also included in an effort to control for 
facility experience.

Analysis

Multinomial propensity score-weighted logistic regres-
sion models were used to estimate the odds ratios associ-
ated with a successful oncologic resection, 90-day mortality, 
and unplanned readmission. Multinomial propensity score-
weighted linear regression models were used to calculate 
beta effect estimates associated with post-operative length of 
stay. The survival function was estimated using a weighted 
Kaplan–Meier estimator and survival distributions were com-
pared using a weighted version of the log-rank test. Statistical 
significance, alpha, was set at 0.05. Database management and 
analyses were conducted using R (Version 3.6.1, R Core Team, 
Vienna, Austria). Propensity scores were estimated using the 
mnps function of the twang package. Weighted Kaplan–Meier 
estimates and comparison of survival distribution were per-
formed using the svykm and survlogrank functions in the sur-
vey package. The STROBE cohort reporting guidelines were 
utilized [19–21]. The R script to reproduce the findings of 
this study is available at: https:// github. com/ wketh man/ Resea 
rch as “Rectal CA by Approach – NCDB.R”. The University 
Hospitals Institutional Review Board (IRB) deemed this study 
exempt and individual patient consent was not required.

https://github.com/wkethman/Research
https://github.com/wkethman/Research
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Results

Among 3649 proctectomies for rectal adenocarcinoma, 
1660 (45%) were approached open, 1461 (40%) laparo-
scopically, of which 222 required conversion to open, and 
528 (15%) robotically, of which 41 required conversion 
to open. This represents a conversion to open rate of 15% 
and 7.8% for laparoscopic and robotic approaches, respec-
tively. After propensity score weighting, there were no 
statistically significant differences in preoperative char-
acteristics among the cohorts and balance was achieved 
without significant KS statistics (Table 1).

Successful oncologic resections were achieved in 1300 
(78%), 1185 (81%), and 440 (83%) of resections performed 
by open, laparoscopic, and robotic approaches, respec-
tively. Similarly, successful oncologic resections were 

achieved in 180 (81%) and 85% (35) of laparoscopic and 
robotic cases requiring conversion to open approach. Neg-
ative surgical margins were achieved in 1634 (98%), 1440 
(99%), and 521 (99%) of open, laparoscopic, and robotic 
resections, respectively, and > 12 lymph nodes were 
reported in 1319 (80%), 1201 (82%), and 445 (84%) of 
resections. After weighting, compared to open approach, 
there were no differences in odds of successful oncologic 
resection by approach  (ORadj = 1.07, 95% CI 0.9, 1.28 
and  ORadj = 1.28, 95% CI 0.97, 1.7) (Fig. 1). Compared 
to open approach, odds of achieving a negative margin 
 (ORadj, lap = 1.0, 95% CI 0.57, 1.9 and  ORadj, rob = 1.4, 
95% CI 0.57, 3.4) and at least 12 lymph nodes evaluated 
 (ORadj, lap = 1.1, 95% CI 0.9, 1.3 and  ORadj, rob = 1.3, 95% 
CI 0.99, 1.75) were not different between approaches.

Analysis of short-term post-operative outcomes revealed 
that compared to the open cohort, laparoscopic  (ORadj = 1.1, 

Table 1  Characteristics of laparoscopic, open, and robotic rectal resection cohorts before and after propensity score weighting

a Facility volume is number of cases performed over the 4-year study period
b p < 0.01, between open and minimally invasive cohort before balancing

Characteristic Open (n = 1660) Laparoscopic (n = 1239) KS p-value Robotic (n = 487) KS p-value

Unbalanced Balanced Unbalanced Balanced Unbalanced Balanced

Age (Mean years) 65 64 63b 64 1 63b 64 0.97
Female (%) 42.8 42.8 50 43.6 0.67 40.9 43.4 0.82
Ethnicity (%)
Non-Hispanic white 85.1 85.3 84.3b 85.4 0.89 85.4 86.3 0.71
Non-Hispanic black 7 6.2 5.2b 5.6 6 5.8
Hispanic 4.5 4.5 4.7b 4.6 4.7 4.3
Asian/Pacific islander 2.8 3.2 4.9b 3.7 3.8 3.5
Other 0.7 0.7 0.9b 0.6 0.4 0.2
Charlson/Deyo (%)
Score 0 68.5 71 71.9b 71.4 0.98 74.8b 72.9 0.69
Score 1 21.8 21 20.8b 21 20.6b 21
Score 2 7 5.7 4.8b 5.4 3.4b 4
Score > 3 2.7 2.3 2.5b 2.3 1.1b 2.3
Insurance status (%)
Not insured 2.8 2.2 1.7b 2.1 0.94 1.1b 1.3 0.81
Private/Managed 40.5 46.5 54.1b 47.8 50.8b 47.9
Medicaid 4.5 4 3.9b 3.6 4b 4
Medicare 51.3 46.4 39.5b 45.5 42.8b 45.9
Other Government 0.8 0.9 0.8b 1 1.3b 1
Clinical stage (%)
T1 49.1 49.7 52 50.5 0.69 48.7 48.9 0.77
T2 50.9 50.3 48 49.5 51.3 51.1
Grade (%)
Well-differentiated 13.1 13 14.2 13.3 0.99 11.2 13.4 0.57
Moderately differentiated 78.3 78.9 77.9 79 81.6 79.4
Poorly differentiated 7.3 6.9 7 6.7 7 6.8
Undifferentiated 1.4 1.1 1 1 0.2 0.4
Facility volume  (Casesa) 12 12 13 12 1 14.5b 12 1
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95% CI 0.83, 1.45) and robotic  (ORadj = 1.2, 95% CI 0.8, 
1.8) approaches, there were no differences in odds of 
unplanned readmission. Open approach was associated 
with longer mean (± SD) length of stay compared to laparo-
scopic (7.7 ± 0.18 vs. 6.5 ± 0.25 days, p < 0.001) and robotic 
(7.7 ± 0.18 vs. 6.3 ± 0.35  days, p < 0.001) approaches. 

Compared to open approach, laparoscopic  (ORadj = 0.56, 
95% CI 0.36, 0.88) and robotic  (ORadj = 0.45, 95% CI 0.22, 
0.94) approaches were associated with a reduced odd of 
90-day mortality.

After adjusting for pathologic upstaging of disease 
post-operatively, 2984 proctectomies were included in our 

Fig. 1  Logarithmic representation of the odds ratios for primary and secondary outcomes by operative approach

Fig. 2  5-year weighted Kaplan–Meier survival analysis by operative approach with continuous 95% CI demonstrated in shaded regions
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survival analysis (Fig. 2). Compared to open approach, lapa-
roscopic approach was associated with improved long-term 
overall survival (p = 0.003), however, there was no signifi-
cant difference (p = 0.15) in long-term overall survival when 
compared to robotic approach.

Discussion

This study demonstrates that open, laparoscopic, and robotic 
approaches to surgical resection of early-stage rectal cancer 
were not associated with differences in odds of successful 
oncologic resection. Despite this finding, open approach 
was associated with decreased 90-day and long-term overall 
survival when compared to minimally invasive approaches, 
even when outcomes were weighted for important confound-
ing variables.

Short-term benefits of minimally invasive surgery must 
be considered in the context of longer-term oncologic out-
comes for cancer patients. The COREAN and COLOR II 
trials demonstrated equivalent oncologic outcomes between 
laparoscopic and open approaches, whereas, ALaCaRT and 
ACOSOG Z6051 trials were unable to demonstrate noninfe-
riority of laparoscopic approach in terms of successful onco-
logic resection [5, 22–24]. However, findings of ALaCaRT 
and ACOSOG Z6051 did not translate to differences in sec-
ondary outcomes of disease-free survival or locoregional 
recurrence at 2-years. [6, 7]. The COLOR II, COREAN, 
ALaCaRT and ACOSOG Z6051 trials included early 
and more advanced staged disease, including those who 
received neoadjuvant and adjuvant therapy. For example, 
the COREAN trial explicitly excluded patients with early-
stage disease, only 1% of patients in the ACOSOG Z6051 
trial had early-stage disease, ALaCaRT likely included 
but did not specify the percentage of patients with Stage 
I disease, and 28% of the COLOR II study population had 
clinical Stage I disease. Therefore, heterogeneity in these 
populations makes direct comparison to our cohort diffi-
cult, where clinical and pathologic T3-4, N1-2 staged dis-
ease was intentionally excluded to minimize the likelihood 
that oncologic factors would contribute to positive margins. 
However, regarding short-term morbidity, safety of laparo-
scopic approach has been well-established. Laparoscopy is 
associated with a reduction in infectious complications and 
narcotic use, as well as length of stay [25–27]. Considering 
these differences and our findings, oncologic outcomes of 
laparoscopic and open approaches are at least equivalent 
for patients with early-stage rectal cancer, and laparoscopy 
provides improvements in short-term morbidity.

Robotic surgery is frequently compared to laparos-
copy rather than to open surgery directly. The ROLARR 
trial is the most notable randomized trial comparing these 
approaches: it demonstrated no difference in rates of 

conversion to open nor were there differences in second-
ary pathologic and quality of life outcomes [3]. A recent 
meta-analysis conversely found lower rates of conversion 
to open approach with similar length of stay, postoperative 
morbidity, and local recurrence rates between the two mini-
mally invasive techniques [28–30]. Interestingly, it does not 
appear that conversion is a risk factor for worse short- or 
long-term outcomes and so this potential benefit of robotic 
approach is controversial [31]. Our study did not directly 
compare robotic and laparoscopic approaches, and while 
short-term mortality benefits were found between robotic 
and open approaches, this finding did not persist in the long-
term, 5-year weighted overall survival analysis. This is likely 
related to a paucity of data extending beyond 30-months or 
from differences that exist between the open and robotic 
cohorts that are not accounted for due to the nature of this 
study. This evidence further strengthens the argument that, 
similar to laparoscopy, robotic approach is a tool that can 
be utilized by well-trained surgeons to provide benefits of 
minimally invasive surgery for select patients.

The finding that open surgery is associated with decreased 
short- and long-term overall survival when compared to 
minimally invasive approaches likely has a complex and 
multifactorial explanation. Before balancing, patients in the 
open group tended to be older, have more co-morbidities, 
and were less likely to have private insurance than those 
in the laparoscopic and robotic groups – these factors have 
been implicated in worse survival. While ACS NCDB 
captures co-morbidities, it does so via Charlson/Deyo co-
morbidity score, which does not provide the granularity to 
assure that the groups are similar in all ways. From a dis-
ease-specific perspective, however, this study includes only 
patients with T1 and T2 tumors who did not receive neoad-
juvant therapy and therefore concerns regarding threatened 
margins or bulky tumors does not have a significant impact 
on our results. Since there was no difference in odds of suc-
cessful oncologic resection it is more likely that survival 
differences between these cohorts are related to unavailable 
patient-specific differences.

This study has several limitations. The ACS NCDB cap-
tures approximately 70% of newly diagnosed patients with 
cancer treated in approximately 30% of United States hospi-
tals accredited by the American College of Surgeons Com-
mission on Cancer [32]. It does not capture other important 
confounding variables, such as body mass index (BMI), 
tobacco use status, and detailed co-morbidities. In addition, 
this dataset does not include peri-operative complications, 
causes of death, or recurrence which are important factors 
in oncologic outcomes. This study of prospectively collected 
data using propensity score weighting represents Level IIc 
evidence [33].

Despite its limitations, this study utilizes a large 
national database to reinforce and confirm findings seen 
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in prospective cohort and randomized studies. The range 
of patients included in the ACS NCDB provides inherent 
strength to the study and suggests that its findings are appli-
cable to a broad range of patients and facility types. This 
study also attempts to control for experience in caring for 
individuals with rectal cancer by including a facility volume 
variable in the propensity weighting. This study included 
patients who underwent laparoscopic or robotic approaches 
requiring conversion to open in an attempt to reflect real-
world cohorts thus allowing more balanced comparisons 
of approach. By including only early-stage rectal cancer 
patients, this study assures that positive margins are less 
likely related to tumor-specific factors.

For patients with early-stage rectal cancer treated with 
proctectomy, this study demonstrates that successful onco-
logic resection can be achieved irrespective of technical 
approach. In addition, minimally invasive approaches pro-
vide short-term reduction in morbidity. Surgical approach 
must be tailored to each patient based on surgeon experience 
and judgement in collaboration with a multi-disciplinary 
team.
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