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Abstract

Background Self-expanding metallic stents (SEMSs) are used as a bridge to surgery in patients with obstructive colorectal
cancer. However, the role of laparoscopic resection after successful stent deployment is not well established. We aimed to
compare the oncologic outcomes of laparoscopic vs open surgery after successful colonic stent deployment in patients with
obstructive left-sided colorectal cancer.

Methods In this multicenter study, 179 (97 laparoscopy, 82 open surgery) patients with obstructive left-sided colorectal
cancer who underwent radical resection with curative intent after successful stent deployment were retrospectively reviewed.
To minimize bias, we used inverse probability treatment-weighted propensity score analysis. The short- and long-term out-
comes between the groups were compared.

Results Both groups had similar demographic and tumor characteristics. The operation time was longer, but the degree of
blood loss was lower in the laparoscopy than in the open surgery group. There were nine (9.3%) open conversions. After
adjustment, the groups showed similar patient and tumor characteristics. The 5-year disease-free survival (DFS) (laparo-
scopic vs open: 68.7% vs 48.5%, p=0.230) and overall survival (OS) (laparoscopic vs open: 79.1% vs 69.0%, p=0.200)
estimates did not differ significantly across a median follow-up duration of 50.5 months. Advanced stage disease (DFS:
hazard ratio [HR] 1.825, 95% confidence interval [CI]: 1.072-3.107; OS: HR 2.441, 95% CI 1.216-4.903) and post-operative
chemotherapy omission (DFS: HR 2.529, 95% CI 1.481-4.319; OS: HR 2.666, 95% CI 1.370-5.191) were associated with
relatively worse long-term outcomes.

Conclusion Stent insertion followed by laparoscopy with curative intent is safe and feasible; the addition of post-operative
chemotherapy should be considered after successful treatment.

Keywords Colorectal cancer - Malignant obstruction - Self-expanding metallic stent - Minimally invasive surgery

Approximately 30% of patients with colorectal cancer
(CRC) may present with obstruction requiring immediate
decompression [1]. Self-expanding metallic stent (SEMS)
insertion is effective for obstructive bowel decompression
in patients with left-sided CRC and is therefore a feasible
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option for bridging to surgery. When successful deployment
is achieved, patients can be treated electively overall and
the rate of defunctioning stoma formation is reduced [2-5].

We previously reported that SEMS insertion followed
by elective surgery is oncologically comparable to immedi-
ate surgery in patients with obstructive left-sided CRC [5].
However, we did not compare outcomes according to the
surgical approach taken (laparoscopy or open surgery) after
SEMS insertion.

Laparoscopic surgery is a standard surgical treatment
option for patients with CRC owing to its oncological safety
and better surgical outcomes than those observed with open
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surgery, as demonstrated in several cornerstone articles
[6-9]. However, open surgery is still considered the main-
stay treatment for those with advanced tumor stage, obstruc-
tive bowel dilatation, overt peritonitis, or severe adhesion; in
these patients, laparoscopic surgery can be technically chal-
lenging or impossible to perform [10]. In addition, although
debatable, the oncological safety of laparoscopic surgery is
not guaranteed in these situations [11, 12].

Given these findings, this study was designed to com-
pare the oncologic safety of laparoscopic vs open surgery
after SEMS insertion in patients with obstructive left-sided
CRC. Our hypothesis was that elective laparoscopic radical
surgery for the obstructing CRC successfully decompressed
with SEMS is non-inferior to open surgery.

Materials and methods
Patients and treatment

Patients who underwent radical resection after successful
SEMS deployment for obstructive left-sided (splenic flexure
to upper rectum) CRC between July 2002 and December
2011 at five tertiary referral hospitals were retrospectively
reviewed. Patients presenting with obstruction from a left-
sided CRC were treated with either stenting or emergency
surgery, based on the surgeons’ decision. Obstruction was
diagnosed based on patients’ symptoms, such as abdominal
pain and distension and/or failure to pass gas or feces with/
without vomiting, and/or the results of imaging modalities,
such as the presence of an obstructing lesion with proximal
dilatation observed on computed tomography (CT). After
completing a diagnostic workup that included a physi-
cal examination, laboratory tests, and radiologic imaging
tests, a board-certified colorectal surgeon decided whether
to perform SEMS insertion first or proceed to emergency
surgery. All SEMS insertion procedures were performed
by experienced endoscopists or interventional radiologists,
unless there was a sign of perforation, bowel peritonitis,
or sepsis. “Successful” SEMS insertion was defined as an
early deployment of SEMS followed by clinical resolution
of bowel obstruction.

Patients with immediate stenting success were admitted
and closely observed for bowel decompression with fast-
ing, parenteral nutritional support, and antibiotics admin-
istration, as required. If there were any signs of peritoneal
irritation, sepsis, or the worsening of obstructive symptoms
after stent deployment, the patient underwent immediate
surgery. After a bowel decompression-waiting period that
lasted 1-2 weeks, patients underwent elective resection with
either laparoscopy or open surgery, as selected by the sur-
geon, once sufficient bowel decompression was achieved.
This decision on surgical approach was mainly based on
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preference and/or clinical setting rather than any established
protocol. Patients with recurrent CRC, synchronous CRC,
hereditary CRC, palliative resection, and stage IV disease
were all excluded from the cohort. We also excluded patients
with more than a 30-day time interval from stenting to sur-
gery, as these patients were likely not intended for curative
radical surgery. Adjuvant chemotherapy was recommended
based on the final pathologic disease stage for eligible
patients. Patients were followed up according to our standard
post-operative surveillance protocol, which includes physi-
cal examinations; serum carcinoembryonic antigen level
testing; radiologic workups, including CT scans of the chest,
abdomen, and pelvis; and endoscopic assessment.

Patients were divided into two groups based on the
approach used (laparoscopy vs open surgery), and their
outcomes were analyzed accordingly. All open conversions
were analyzed as the laparoscopy group according to the
intention-to-treat principle. All stenting procedures and sur-
geries were performed by experienced endoscopists, radi-
ologists, and board-certified colorectal surgeons from each
participating institution. All participating hospitals were
high-volume centers that perform at least 250 laparoscopic
colectomies per year. The institutional review boards of the
participating hospitals approved this study before the com-
mencement of data collection and waived the requirement
for informed consent because of the study’s retrospective
design and the minimal risk to the involved patients (IRB
No. B-1506/302-119).

Study outcomes

Data on the patients’ baseline demographic characteristics,
including age, sex, body mass index (BMI), and American
Society of Anesthesiologists (ASA) class were collected.
Patient status at admission, including the presence of hypo-
tension, tachycardia, and fever, was noted, and laboratory
values including those indicative of leukocytosis as well as
albumin and creatinine levels were extracted. Radiologic
findings including those on tumor size, location, and the
extent of proximal dilatation as well as treatment-related
parameters such as the type of operation, laparoscopic or
open procedure, stoma formation status, operation duration,
expected blood loss, and whether or not adjuvant chemo-
therapy was delivered were documented.

The primary outcomes were 5-year disease-free survival
(DFS) and overall survival (OS). DFS was determined from
the date of initial surgery to the date of recurrence detection,
last follow-up, or death [13]. Recurrence was determined
by radiologic or histologic confirmation. OS was defined
from the date of initial surgery to the date of death or last
follow-up. The secondary outcomes were short-term surgi-
cal outcomes, including the duration of hospital stay, 30-day
mortality, and re-operation/re-admission rates.
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Propensity score analysis

Owing to the infeasibility of performing a randomized-con-
trolled trial due to the small sample size, inverse probability
treatment-weighted (IPTW) propensity score analyses that
mimic pseudo-randomized cohorts was used to improve
the degree of comparability and to reduce bias due to con-
founding variables between the laparoscopy and open sur-
gery groups [14]. The IPTW method was used to generate
a pseudo-population with well-adjusted covariate combina-
tions between the groups, stabilizing the weights between
the subjects without losing subject strength in matching [14,
15]. The covariates for propensity score in relation to the
baseline characteristics of the patients were as follows: age,
sex, BMI, ASA score, presence of leukocytosis at admission,
serum albumin and creatinine levels at admission, extent of
proximal dilatation, tumor location, tumor size, and TNM
stage.

Statistical analysis

Continuous variables were reported as their means (+ stand-
ard deviation) or medians (interquartile range [IQR]) for nor-
mally or non-normally distributed variables and were com-
pared using the Student’s t-test or Mann—Whitney U-test,
respectively. Categorical variables were compared using
the Pearson chi-square test or Fisher’s exact test. Analysis

of the time-dependent variables was performed using the
Kaplan—Meier method, and these were compared using the
log-rank test. Univariate and multivariate analyses of the
factors affecting survival were conducted using the Cox pro-
portional hazard regression technique. In the multivariable
analysis, the stepwise backward elimination technique was
used, including variables with an initial P-value of <0.2 in
the univariate analysis and an elimination threshold P-value
of 0.1. P-values of < 0.05 were considered indicative of a
statistically significant finding. Statistical analyses were per-
formed using SPSS (version 20.0; Chicago, IL) and R (R
version 3.5.1; R Core Team, Vienna, Austria).

Results

During the study period, a total of 314 cases presented with
left-sided colon or upper rectal cancer obstruction. The
study flow chart is shown in Fig. 1. SEMS insertion was
the first treatment in 207 (65.9%) patients; in 187 (90.3%)
patients, the treatment was successful. Among them, elec-
tive interval surgeries within 30 days were performed in 179
patients, which comprised the study population. Among
them, 97 (54.2%) patients were treated laparoscopically
and 82 (45.8%) were treated with open surgery. Nine (9.3%)
open conversions were observed in the laparoscopy group:
five due to severe adhesions or local invasion of the main

Fig.1 Flow chart of patient
treatment. SEMS self-expanding
metallic stent
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tumor, two due to anastomosis instability issues, one due to a
narrow pelvis, and one due to CO, retention during surgery.

Baseline characteristics

The most commonly observed site of obstruction was the
sigmoid colon (n=144, 80.4%) followed by the rectum
(n=15, 8.4%), descending colon (n=13, 7.3%), and the
splenic flexure (n=7, 3.9%). The patients’ median age
was 63.6 (IQR 54.0-64.0) years, and 106 (59.2%) of the
patients were male. The median BMI was 22.9 kg/m? (IQR
20.9-25.0), and 89.9% of the patients had ASA class /I
disease. The median follow-up duration of the cohort was
50.5 months.

Table 1 Baseline characteristics of the study patients

Before adjustment, the proportion of patients presenting
with tachycardia at admission was lower and the interval
from SEMS insertion to surgery was shorter in the laparos-
copy than in the open surgery group (Table 1). The other
baseline characteristics did differ between the groups,
including sex, age, BMI, ASA class, laboratory results,
tumor size, location, proximal dilatation, operation type,
and stoma formation. After adjustment, these differences
were well-rounded.

The laparoscopy group was characterized by longer
operation time and lower degree of blood loss (Table 2).
This observed difference persisted after adjustment. The
pathologic tumor stage was similar between the groups;
however, the rate of angiolymphatic invasion and venous

Variables Unadjusted cohort (n=179) Adjusted cohort (n=178) SMD
Laparoscopic (n=97)  Open p Laparoscopic Open p
(n=82) (n=90) (n=288)
Male sex® 52 (53.6) 54 (65.9) 0.131 529 (58.9) 53.7 (61.2) 0.79 0.046
Age?, mean, (years) 63.4+12.7 64.1+13.6 0.730 64.4+12.8 65.1+13.3 0.734  0.058
BMI?, mean, (kg/m?) 23.1+29 22.7+3.3 0486 23.1+29 232+3.3 0.805  0.042
ASA class® 0.554 0.884  0.086
1 32 (33.0) 21 (25.6) 26.1 (29.1) 22.6 (25.8)
2 56 (57.7) 52 (63.4) 54.8 (61.0) 54.8 (62.5)
3 9(9.3) 9 (11.0) 8.99.9) 10.3 (11.7)
Leukocytosis® 12 (12.4) 20 (24.4) 0.058 13.2(14.7) 13.5(15.4) 0.908 0.018
Albumin?®, med [IQR], (g/dL) 3.9[3.74.2] 3.8[3.54.11 0.089 3.8[3.64.2] 3.8[3.64.11 0.846 0.084
Creatinine?, med [IQR], (mg/dL) 0.9 [0.8-1.1] 1.0[0.8-1.1] 0308 1.0[0.8-1.1] 1.0[0.8-1.1] 0.767 0.018
Hypotension 8(8.2) 3.7 0336 7.8(8.7) 2.7 @3.1) 0.119  0.240
Tachycardia 44.1) 11 (13.4) 0.049 5.1(5.6) 14.2 (16.2) 0.072  0.342
Fever 1(1.0) 0 1.000  1.4(1.6) 0 0.319  0.180
Tumor size®, mean, (cm) 6.3+1.5 6.7+1.9 0.196 64+1.5 6.5+1.8 0.672  0.072
Tumor location? 0.698 0936 0.115
Splenic flexure 4@4.1) 3(3.7) 3.5(3.9) 5.5(6.3)
Descending 5(.2) 8 (9.8) 7.1(7.9) 7.3 (8.3)
Sigmoid 80 (82.5) 64 (78.0) 71.1(79.2) 68.0 (77.5)
Upper rectum 8(8.2) 7 (8.5) 8.1(9.0) 6.9 (7.8)
Bowel dilatation® 0.128 0.986  0.028
Segmental colon 35(36.1) 21 (25.6) 28.4 (31.6) 27.2 (31.0)
Up to cecum 27 (27.8) 34 (41.5) 28.9 (32.2) 27.6 (31.5)
Up to small bowel 35(36.1) 27 (32.9) 32.5(36.2) 32.9(37.5)
Interval to surgery, med [IQR], (days) 7 [6-10] 10 [6-16] 0.006 8 6-10] 6 [5-12] 0.264  0.080
Operation 0.410 0.753  0.173
Left hemicolectomy 13 (13.4) 10 (12.2) 13.8 (15.4) 13.4(15.3)
(Low) Anterior resection 82 (84.5) 66 (80.5) 74.2 (82.7) 69.7 (79.5)
Hartmann’s Operation 1(1.0) 3(3.7) 1.1(1.2) 2.9 (3.3)
Total colectomy 1(1.0) 3(3.7) 0.7 (0.8) 1.7 (1.9)
Stoma formation 7(7.2) 11 (13.4) 0.261  6.5(7.3) 11.6 (13.2) 0.256  0.197

IQR interquartile range, BMI body mass index, ASA American Society of Anesthesiologists, SMD standardized mean difference

*Variables included in propensity score adjustment
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Table 2 Perioperative and pathologic outcomes of the study patients
Variable Unadjusted cohort (n=179) Adjusted cohort (n=178) SMD
Laparoscopic ~ Open Laparoscopic ~ Open P
(n=97) (n=82) (n=90) (n=288)
Operation time, med [IQR], minutes 183 [156-235] 146 [95-175] <0.001 183 [155-246] 160 [107-191] <0.001 0.639
EBL, med [IQR], ml 100 [50-200] 150 [58-190] 0.012 99 [50-162] 100 [50-200] 0.014 0.324
Pathologic TNM stage® 0.855 0.999 <0.001
I 39 (40.2) 35 (42.7) 38.3 (42.7) 37.4 (42.7)
I 58 (59.8) 47 (57.3) 51.5(57.3) 50.3 (57.3)
Harvested lymph nodes, med [IQR] 35 [27-47] 34 [22-44] 0.155 35 [27-46] 33 [22-42] 0.074 0.265
Lymphatic invasion 72 (74.2) 39 (47.6) <0.001 62.8 (69.9) 47.3 (53.9) 0.060 0.334
Venous invasion 32 (38.6) 14 (17.1) 0.015 28.0 (35.8) 16.7 (22.2) 0.114 0.303
Perineural invasion 54 (55.7) 34 (41.5) 0.081 49.6 (55.3) 42.5 (48.4) 0.432 0.137
Adjuvant chemotherapy 81 (83.5) 61 (74.4) 0.188 71.7 (79.9) 66.1 (75.3) 0.551 0.110
Post-operative hospital stay, med [IQR], days 8 [7-10] 9 [7-13] 0.320 9 [7-10.7] 9.3 [8-15] 0.068 0.445
30-day re-operation 44.1) 2(124) 0.836 3.5(3.9) 1.2 (1.4) 0.221 0.156
30-day re-admission 8(8.2) 3@3.7) 0.336 7.2 (8.1) 3.5(4.0) 0.311 0.173
30-day mortality 0 0 0 0

IQR interquartile range, SMD standardized mean difference

*Variables included in propensity score adjustment

invasion was higher in the laparoscopy than in the open
surgery group. The perioperative outcomes were similar
among the groups, with no cases of 30-day mortality in
either group. The proportion of patients receiving adjuvant
chemotherapy did not differ between the groups (83.5%
vs 74.4%, p=0.188). The pathological and perioperative
findings were well-rounded after adjustment.
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The median follow-up time was 47.3 (IQR 33.7-61.1)
months in the laparoscopy group and 52.5 (IQR 35.2-61.0)
months in the open surgery group. There were no significant
between-group differences in 5-year DFS estimates either
before or after adjustment (laparoscopy group vs open sur-
gery group; unadjusted 5-y DFS 68.9% vs 57.1%, p=0.233;
adjusted 5-y DFS 68.7% vs 48.5%, p=0.230) (Fig. 2).
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Fig.2 Kaplan—Meier curve of the overall survival associated with laparoscopic versus open surgery. Unadjusted (A), Adjusted (B)
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There were no significant between-group differences in
5-year OS estimates either before or after adjustments (lapa-
roscopy group vs open surgery group; unadjusted 5-y OS
81.6% vs 71.0%, p=0.206; adjusted 5-y OS 79.1% vs 69.0%,
p=0.200) (Fig. 3).

Factors affecting survival

Factors affecting survival were examined for the entire
cohort. In univariate analyses, BMI, bowel dilatation (up
to the cecum and small bowel), TNM stage, and adjuvant
chemotherapy were identified as significant risk factors
affecting DFS (Table 3). Multivariate analyses showed bowel
dilatation up to the cecum (hazard ratio [HR]=3.40, 95%
confidence interval [CI]: 1.21-9.56, p=0.021), advanced
tumor stage (HR =2.65, 95% CI 1.18-5.95, p=0.018), and
the omission of adjuvant chemotherapy (HR=4.73, 95% CI
2.10-10.6, p < 0.001) to be significant risk factors affect-
ing DFS. Meanwhile, factors affecting OS in univariate
analyses included BMI, bowel dilatation, TNM stage, and
adjuvant chemotherapy (Table 4). Multivariate analyses
showed bowel dilatation up to the cecum (HR =3.40, 95%
CI 1.21-9.56, p=0.021), advanced tumor stage (HR =2.65,
95% CI 1.18-5.95, p=0.018), and the omission of adjuvant
chemotherapy (HR=4.73, 95% CI 2.10-10.6, p <0.001) to
be significant risk factors affecting OS.
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Discussion

In this study, there was no difference in DFS or OS out-
comes according to the surgical approach even after adjust-
ing for confounding variables in patients undergoing elec-
tive surgery with curative intent for left-sided obstructive
CRC, following successful SEMS insertion. In addition,
post-operative short-term outcomes were comparable in
both groups. To the best of our knowledge, this is the larg-
est study to compare the long-term oncologic outcomes
associated with laparoscopy and open surgery after SEMS
insertion in patients with left-sided obstructive CRC, and
the first to apply propensity score adjustment using IPTW
analysis. Since conducting a randomized study according to
the treatment method may not be feasible in this context, or
may require a long recruitment period, owing to the rarity of
the disease, the enrollment of a pseudo-randomized cohort
might be the best method for the evaluation of this outcome.

SEMS insertion followed by surgical resection is an
attractive treatment option for obstructive left-sided CRC.
Successful SEMS insertion followed by primary resection
enables one-stage elective surgery and extends the time
available for thorough preoperative evaluation, thereby
enhancing the patient’s fitness for surgery. Previous studies
have shown the feasibility and oncologic safety of SEMS
insertion [1-5], since it can provide a bridge to surgery
in select cases, according to the National Comprehensive
Cancer Network for obstructive CRC [16]. However, further
treatment options in terms of minimally invasive approaches
are not well established, in particular, after successful SEMS
deployment and bowel decompression [17]. Previous studies
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Fig.3 Kaplan—Meier curve of the disease-free survival associated with laparoscopic versus open surgery. Unadjusted (A), Adjusted (B)
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Table3 Univariate and Univariate analysis Multivariate analysis
multivariate Cox proportional
hazard analysis of the risk HR (95% CI) p HR (95% CI) p
factors associated with disease-
free survival for patients Age, years
undergoing elective surgery <65 Ref
after successful stenting >65 1.39 [0.84-2.29] 0.197
Sex
Male Ref
Female 0.88 [0.53-1.46] 0.620
BMI, kg/m?
<25 Ref Ref
>25 249 [1.51-4.10] <0.001 2.31[1.31-4.07] 0.004
ASA class
LI Ref
i 0.84 [0.34-2.09] 0.706
Hypotension
No Ref
Yes 0.74 [0.231-2.35] 0.605
Leukocytosis
No Ref
Yes 1.07 [0.57-2.01] 0.832
Albumin, g/dL.
>28 Ref
<2.8 0.97 [0.14-7.02] 0.977
Creatinine, mg/dL
<15 Ref
>1.5 0.87 [0.27-2.77] 0.812
Tumor size, cm
<5 Ref
>5 1.54 [0.56-4.24] 0.406
Bowel dilatation
Segmental colon Ref
Up to cecum 1.43 [0.74-2.76] 0.285
Up to small bowel 1.68 [0.89-3.19] 0.112
Interval to surgery, days
<8 Ref
>8 0.81[0.49-1.33] 0.406
Method
Open Ref
Laparoscopy 0.73 [0.45-1.21] 0.226
TNM stage
1I Ref
1T 1.83[1.07-3.11] 0.027
Lymphatic invasion
No Ref
Yes 1.39 [0.82-2.37] 0.226
Venous invasion
No Ref Ref
Yes 1.89 [1.08-3.31] 0.026 1.97 [1.09-3.54] 0.024
Perineural invasion
No Ref Ref
Yes 1.87[1.13-3.11] 0.015 1.87 [1.04-3.37] 0.037
Adjuvant chemotherapy
Yes Ref Ref
No 2.53[1.48-4.32] 0.001 3.49 [1.91-6.35] <0.001
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Table 4 Univariate and
multivariate Cox proportional
hazard analysis of the risk
factors associated with overall
survival for patients undergoing
elective surgery after successful
stenting

@ Springer

Univariate analysis

Multivariate analysis

HR (95% CI) p HR (95% CI) p
Age, years
<65 Ref
>65 1.87 [0.99-3.53] 0.053
Sex
Male Ref
Female 1.09 [0.59-2.04] 0.780
BMI, kg/m?
<25 Ref Ref
>25 3.01 [1.62-5.62] 0.001 1.94 [0.88-4.24] 0.099
ASA class
LI Ref
1 1.19 [0.43-3.36] 0.737
Hypotension
No Ref
Yes 1.13 [0.35-3.67] 0.839
Leukocytosis
No Ref
Yes 1.07 [0.49-2.33] 0.862
Albumin, g/dL.
>238 Ref
<28 1.65[0.23-12.1] 0.621
Creatinine, mg/dL
<15 Ref
>1.5 1.71 [0.53-5.58] 0.372
Tumor size, cm
<5 Ref
>5 2.01 [0.49-8.35] 0.336
Bowel dilatation
Segmental colon Ref Ref
Up to cecum 2.78 [1.08-7.15] 0.034 3.40[1.21-9.56] 0.021
Up to small bowel 3.16 [1.24-8.04] 0.016 2.48[0.83-7.42] 0.103
Interval to surgery, days
<8 Ref Ref
>8 0.54 [0.29-1.03] 0.060 0.46 [0.21-1.01] 0.054
Method
Open Ref
Laparoscopy 0.66 [0.35-1.25] 0.199
TNM stage
I Ref Ref
I 2.44 [1.22-4.90] 0.012 2.65[1.18-5.95] 0.018
Lymphatic invasion
No Ref
Yes 1.72 [0.87-3.40] 0.116
Venous invasion
No Ref
Yes 1.87 [0.90-3.90] 0.095
Perineural invasion
No Ref
Yes 1.70[0.91-3.18] 0.096
Adjuvant chemotherapy
Yes Ref Ref
No 2.67[1.37-5.19] 0.004 4.73 [2.10-10.6] <0.001
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have shown that the laparoscopic approach is feasible and
safe in terms of short-term outcomes [18-21]. Although
these previous studies presented encouraging results, they
were limited by their retrospective nature and small sample
size. A recent retrospective study showed that the laparo-
scopic approach was comparable to open surgery in terms
of long-term oncologic results, with a relatively large treat-
ment cohort [22]. In that study, a total of 94 patients (50
open surgery, 44 laparoscopy) were recruited from 4 ter-
tiary hospitals over an 8-year period, and the resulting 5-year
DFS (55.8% open vs 61.5% laparoscopic; p=0.955) and OS
(67.1% open vs 71.7% laparoscopic; p =0.942) values were
similar in both groups. Although the study was not adjusted
for disease severity or confounding variables, the cohort was
similar in terms of baseline characteristics, making these
findings promising.

In the present study, adjuvant chemotherapy was the only
factor associated with both DFS and OS. This is in line with
the results of previous studies in which adjuvant chemo-
therapy was beneficial to patients with stage II disease and
factors considered high-risk as well as in cases of stage III
CRC [22-25]. These findings suggest that adjuvant chemo-
therapy should be recommended to all patients with obstruc-
tive CRC, regardless of tumor stage, even after adequate
bowel decompression from SEMS.

These findings notwithstanding, successful SEMS
deployment has been associated with pathologic or systemic
features that may decrease DFS [26-28]. In our previous
study, patients receiving SEMS showed a higher proportion
of lymphatic and perineural invasion than did those receiv-
ing emergency surgery [5]. However, this did not translate
to differences in survival outcomes. In fact, in the present
study, the presence of a higher proportion of lymphatic and
venous invasion in patients receiving laparoscopic surgery
than in those receiving open surgery did not affect DFS or
OS estimates. The biologic effect exerted by the mechanical
stress of SEMS insertion on tumors remains unclear, with
some studies suggesting that SEMS insertion may suppress
cancer proliferation [29]. While the similar DFS- and OS-
related outcomes in both groups may have been due to the
higher proportion of patients receiving adjuvant chemother-
apy in the laparoscopy group, after adjustments to control for
this difference, the DFS and OS estimates remained similar.

This study has several limitations. The main limitation
is its retrospective and non-randomized design. However,
to decrease the degree of confounding bias and to mimic
a randomized-controlled design, we performed PS match-
ing analysis with the IPTW method. Second, there was no
objective criterion for determining the surgical approach
(either laparoscopic or open surgery), which was solely
at the surgeon’s discretion, and may have led to selection
bias. However, all the surgeries were performed by colo-
rectal surgery specialists, many of whom are participants

of a major clinical trial focusing on the comparison of
laparoscopic vs open surgery [7, 8]. Third, the relatively
small sample size and consequently poor statistical power
may impede generalizability of the present findings. How-
ever, to date, the present study is among the largest (if not
the largest) studies to compare the long-term oncologic
outcomes associated with laparoscopic and open surgery
following SEMS insertion in patients with left-sided
CRC obstruction. Further studies in future should aim for
greater statistical power when attempting to validate the
present findings.

In conclusion, laparoscopic surgery after SEMS inser-
tion with curative intent for left-sided CRC obstruction
showed long-term outcomes comparable to those asso-
ciated with open surgery. Post-operative chemotherapy
should be considered for this patient group after success-
ful treatment. Further large-scale, well-designed studies
are warranted to reach a more confirmative conclusion.
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