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Abstract

Purpose Advanced obstructive colorectal cancer (AOCC) presents surgical challenges. Consideration must be given to alleviating
symptoms and also quality of life and survival time. This study compared prognostic efficacies of palliative self-expanding metal
stents (SEMSs) and surgery to provide insights into AOCC treatment.

Methods PubMed, Web of Science, MEDLINE, and Cochrane Library were searched for studies that met inclusion criteria.
Using a meta-analysis approach, postoperative complications, survival rates, and other prognostic indicators were compared
between patients treated with SEMSs and those treated surgically. Network meta-analysis was performed to compare prognoses
between SEMS, primary tumor resection (PTR), and stoma/bypass (S/B).

Results Twenty-one studies were selected (1754 patients). The odds ratio (OR) of SEMS for clinical success compared with
surgery was 0.32 (95% confidence interval [CI] 0.15, 0.65). The ORs for early and late complications were 0.34 (95% CI 0.19,
0.59) and 2.30 (95% CI 1.22, 4.36), respectively. The ORs for 30-day mortality and stoma formation were 0.65 (95% CI1 0.42,
1.01) and 0.11 (95% CI 0.05, 0.22), respectively. Standardized mean difference in hospital stay was —2.08 (95% CI—3.56,
0.59). The hazard ratio for overall survival was 1.24 (95% CI 1.08, 1.42). Network meta-analysis revealed that SEMS had
the lowest incidence of early complications and rate of stoma formation and the shortest hospital stay. PTR ranked first in
clinical success rate and had the lowest late-complication rate. The S/B group exhibited the lowest 30-day mortality rate.
Conclusion Among palliative treatments for AOCC, SEMSs had lower early complication, stoma formation, and 30-day
mortality rates and shorter hospital stays. Surgery had higher clinical success and overall survival rates and lower incidence
of late complications. Patient condition/preferences should be considered when selecting AOCC treatment.
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Background

Colorectal cancer (CRC) is the third most common cancer
in the USA and ranks second in cancer-related mortality. In
2019, approximately 60% of newly diagnosed cases were
in advanced stages, and this proportion has been gradually
increasing [1]. With the recent enhanced standardization of
CRC screening, an increasing number of younger patients
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have been diagnosed. Moreover, advanced-stage cases are
more prevalent in this demographic group. Obstruction is the
most common complication of CRC; approximately 30% of
patients exhibit symptoms of obstruction, which often corre-
lates with a poor prognosis [2, 3]. The condition of patients
with advanced obstructive colorectal cancer (AOCC) is par-
ticularly complex. These patients typically require urgent
decompression to prevent severe abdominal distension, elec-
trolyte imbalance, septic shock, or even death [4].

The placement of self-expanding metal stents (SEMSs)
has increasingly become the standard treatment for reliev-
ing the symptoms of CRC obstruction. Initially designed to
alleviate obstruction symptoms in patients with advanced
stage disease, SEMS placement can serve as a bridge to sur-
gery. For patients with AOCC, SEMS placement undoubt-
edly offers benefits such as minimal invasiveness, rapid
relief, and high patient tolerance. However, clinicians must
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consider potential complications such as reobstruction, per-
foration, stent migration, and cancer cell dissemination. In
addition, considering the long-term complications caused
by SEMS, the SEMS is not convincing for the long-term
prognosis of patients. In patients with AOCC eligible for
chemotherapy and a long life expectancy, palliative treat-
ments other than SEMS should be considered [5].

Traditionally, surgery has been a palliative treatment for
AOCC. Procedures may include primary tumor resection
and anastomosis, simultaneous stoma creation, simple stoma
surgery, Hartmann’s procedure, or bypass surgery. Surgical
decisions, including the choice of procedure, are typically
made by the surgeon based on the intraoperative findings
and the patient’s overall condition. Some studies have sug-
gested that resection of the primary tumor can lead to better
quality of life and improved overall survival rates in patients
with advanced-stage disease [6, 7]. However, these benefits
warrant further study and detailed discussion, particularly
for patients exhibiting obstruction symptoms. Additionally,
guidelines and studies investigating direct prognostic com-
parisons between various surgical approaches for patients
with AOCC are lacking.

Several previous meta-analyses [8—11] have compared
the palliative effects of SEMS and surgery for malignant
colorectal obstruction (MCO). However, some of these
studies [8—10] included patients with obstructions caused
by other malignancies such as gynecological and urological
cancers. Moreover, some studies [8, 11] used mean survival
time to compare patient survival duration. We believe that
hazard ratios (HR) are more convincing in comparing treat-
ment approaches. Additionally, to our knowledge, no meta-
analysis has directly compared the palliative efficacies of
different surgical and other treatment methods for AOCC.
To address these gaps in research, we conducted a meta-
analysis involving a comprehensive search of the most recent
comparative literature.

Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement was used to direct this
meta-analysis (Online Resource Table 1). The protocol of

this meta-analysis had been registered on INPLASY regis-
tration. The registration number is INPLASY202470114.

Inclusion criteria
The following are the inclusion criteria:

1) Patients with advanced, incurable colorectal cancer.
2) Patients with obstructive colorectal cancer.
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3) Patients who underwent SEMS or surgical procedures,
including tumor resection with or without stoma crea-
tion, Hartmann’s procedure, simple stoma creation, and
bypass, among others, and in whom at least one outcome
of interest was comparatively analyzed.

4) The study objective(s) addressed alleviating patient
symptoms and facilitating prompt systemic treatment.

Exclusion criteria
The following are the exclusion criteria:

1) SEMS or surgical procedures intended for bridging to
surgery (BTS).

2) Patients without obstructive symptoms.

3) Obstruction caused by malignancies other than AOCC.

4) Studies that did not compare outcomes or single-arm
trials.

Search strategy

The following databases were searched: PubMed, Web of
Science, MEDLINE, and Cochrane Library. There were
no restrictions regarding the publication date or language,
and all studies that met the inclusion criteria were included.
Our search strategy was formulated based on the following
keywords: “colorectal cancer,” “advanced,” “incurable,”
“obstruction,” “palliative,” “stent,” “surgery,” “stoma,” and
several related phrases (the search strategy is detailed in
Online Resource Table 2). Two authors (BQ-M and CJ-C)
independently conducted the literature search, eliminating
duplicate publications and culminating in a database of
studies for review.

9 <

Data extraction

Initially, two independent reviewers (BQ-M and CJ-C)
individually read the titles and abstracts of the studies in
the aforementioned databases and excluded literature that
clearly did not meet the inclusion criteria. Subsequently, the
two reviewers read the full texts to determine whether the
remaining studies met the inclusion criteria. Two separate
lists of eligible studies were produced using this process.
Studies common to both lists were included; any discrepan-
cies were resolved by a third reviewer (TX-R), and the final
inclusion was decided through discussion. The following
information was extracted from the studies: first author, year
of publication, number of patients, tumor location, type and
occurrence of complications, and study type. Specifically,
for survival data, we compared the overall survival (OS)
using the HR value and its 95% confidence interval (CI). We
directly extracted studies in which HR data was included.
If not available directly, Engauge Digitizer software was
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used to analyze survival curves; a method detailed by Tier-
ney et al. [12] was applied for computation. For continuous
outcomes (length of hospital stay), the means and standard
deviations were extracted. If outcomes could not be directly
obtained, the method described by Hozo et al. [13] was used
for computation. If the original study used nonparametric
testing or if the data did not follow a normal distribution,
the results were excluded.

Outcomes of interest
The following are the outcomes of interest:

Clinical success

Early complications: complications within 30 days after
intervention

Late complications: complications 30 days after inter-
vention

30-day mortality

Stoma formation rate

Hospital stay

Overall survival rate

Quality assessment

The Newcastle-Ottawa scale (NOS) was used to assess the
quality of nonrandomized controlled trials (non-RCTs),
while the Cochrane tools (risk of bias tool, Rob tool) were
used for evaluating RCTs.

Statistical analysis: SEMS vs. surgery

All analyses were conducted using the meta package [14] in
R software, version 4.3.1. The chi-square test and Student’s
t-test were used to compare differences between the two
groups, with a p value <0.05 indicating statistical signifi-
cance. For the binary variable results, the odds ratio (OR)
or risk ratio (RR) and their respective 95% ClIs were used for
meta-analysis and comparison. Continuous variables were
compared using standardized mean difference (SMD) and
95% CI. If the 95% CI of the OR and RR did not cross 1 and
the 95% CI of SMD did not cross 0, the results were deemed
statistically significant. The combined outcomes are shown
in forest figures.

Heterogeneity between studies was assessed using the
I? statistic and Q-test. I>>50% was considered indicative
of heterogeneity. To mitigate the risk of bias, results with
notable heterogeneity were combined using a random-
effects model. Results without discernible heterogeneity
were aggregated using a fixed-effects model. For results that
exhibited heterogeneity, subgroup analyses were performed
based on the publication year, tumor location, and type of

study. Sensitivity analyses were also performed to evaluate
the heterogeneity.

Funnel plots and Egger’s test were used to evaluate
publication bias. A p value <0.05 was considered indicative
of potential publication bias.

Statistical analysis: SEMS vs. PTR vs. S/B

Surgical interventions were further stratified into two cat-
egories: primary tumor resection (PTR) and stoma creation/
bypass (S/B). The objective of this analysis was to discern
any differences in the prognosis of AOCC between these two
procedures and compare them with that of SEMS placement.

We used Bayesian Network Analysis to analyze the
outcomes of these three interventions. All analyses were
performed using R software (version 4.3.1), specifically
the BUGSnet package [15]. For analysis of the binary and
continuous data, outcomes were compared through In (OR)
and mean difference (MD) with their respective 95% Cls. If
the 95% CI did not exceed 0, the difference was considered
statistically significant. Each outcome set was aggregated
using a random-effects model.

For each outcome type, we constructed network plots and
developed ranking diagrams to show the results. Leverage
plots were used to assess the fit of the models.

Results

We identified 1605 studies using the described search strat-
egy. Initially, 774 duplicate studies were excluded. After
screening titles and examining abstracts, we excluded 784
irrelevant studies. Of the remaining 47 articles that under-
went a full-text assessment, 26 were excluded because they
did not meet the inclusion criteria. Among these, 9 included
patients without obstructive symptoms, 8 were reviews or
meta-analyses, 3 were single-arm studies, 3 pertained to
BTS research, and 3 involved patients with cancers other
than colorectal. Finally, 21 [16-36] studies were included in
this meta-analysis (Fig. 1). This included 2 RCT [21, 26] and
19 non-RCT studies [16-20, 22-25, 27-36]. Among them,
20 studies [17-32, 34-36] compared SEMS placement to
surgery (with 3 [27, 34, 36] focusing on SEMS vs. PTR and
5[17, 19, 26, 30, 35] focusing on SEMS vs. S/B), and 1 [33]
study compared PTR with S/B.

Characteristics of selected studies

The details of the 21 studies are shown in Table 1. Twenty-
one studies from the years 2003-2022 were considered for
analysis, encompassing 1754 patients. Of these, 865 patients
underwent SEMS placement, and 889 underwent surgical
intervention. The average age of patients in the SEMS group
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Fig.1 PRISMA flow diagram

was 67.74 years, and those in the surgical group had an aver-
age age of 63.43 years.

Seven studies [16, 18, 19, 21, 22, 26, 36] specifically
investigated left-sided colorectal cancer, whereas 10 stud-
ies [20, 24, 25, 27-31, 33, 35] included cecal tumors. In
the SEMS group, the most frequently reported outcome
was stent-related complications. Seventeen studies [16—18,
20-25, 27-32, 34, 35] provided individual reports on these
complications, including reobstruction, perforation, migra-
tion, narrowing, and fracture. In the surgical group, the most
common outcome was complications related to infection,
with wound infections being predominant, as highlighted in
15 studies [16, 17, 22-25, 27-31, 33-36]. In the non-RCTs,
the NOS scores ranged from 5 to 8, with 13 studies scoring 6
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or above. Hooft et al.’s RCT was rated as low risk, and Fiori
et al.’s prospective randomized trial was rated as moderate
risk (some concerns). The detailed information of the NOS/
Rob assessments can be found in Online Resource Table 3
and Online Resource Fig. 1.

Clinical success

Twelve studies [19-28, 30, 31, 34-36] reported on the clini-
cal relief success rates. A total of 1105 patients out of 1142
(96.8%) patients successfully achieved symptom relief.
The SEMS group had a lower clinical success rate than
the surgical group (94.8% vs. 98.8%, p value <0.001). The
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meta-analysis revealed an OR of 0.32 (95% CI 0.15, 0.65),
indicating a statistically significant difference (Fig. 2A).

Early complications (within 30 days)

Eleven studies [21-26, 28, 31, 34—-36] reported the incidence
of early complications. Of the 1124 patients, 219 (19.5%)
experienced early complications. The SEMS group had a
lower incidence of early complications than the surgical
group (11.3% vs. 28.1%, p value <0.001). The meta-analysis
revealed an OR of 0.34 (95% CI 0.19, 0.59), showing a sta-
tistically significant difference (Fig. 2B).

Late complications (after 30 days)

Ten studies [21-26, 28, 31, 34, 35] reported the incidence
of late complications. This included 202 of 1060 (19.1%).
The SEMS group exhibited a higher incidence of late com-
plications than the surgical group (24.0% vs. 13.9%, p
value < (0.001). Meta-analysis showed an OR of 2.30 (95%
CI 1.22, 4.36), demonstrating a statistically significant dif-
ference (Fig. 2C).

Thirty-day mortality

Seventeen studies [16-26, 28, 31, 32, 34-36] reported the
30-day mortality rate. Of the 1503 patients included, 86
(5.7%) died. The SEMS group had a lower mortality rate
than the surgical group (4.5% vs. 7.0%, p value=0.057). The
meta-analysis revealed an OR of 0.65 (95% CI 0.42, 1.01),
and the difference was not statistically significant (Fig. 2D).

Stoma formation

Fifteen studies [16, 18-27, 29, 31, 32, 34] reported on the
stoma formation rate. Out of the 1227 patients included,
392 had stoma formation, translating to 31.9% of the study
population. The stoma formation rate was lower in the
SEMS group than in the surgical group (11.7% vs. 53.0%, p
value <0.001). According to the meta-analysis, the OR was
0.11 (95% C10.05, 0.22), and the difference was statistically
significant (Fig. 2E).

Hospital stay

Nine studies [19, 20, 25-28, 30, 31, 36] compared the dura-
tion of hospital stay. A total of 796 hospital stays were ana-
lyzed. The mean length of hospital stay was significantly
shorter in the SEMS group than in the surgical group. The
SMD in the meta-analysis was —2.08 (95% CI—3.56, 0.59),
indicating a statistically significant difference (Fig. 2F).
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Seoane A-2020 5 46 16 49 e 025 [0.08;0.76] 8.7%
Sukit Pattarajierapan-2022 12 105 97 97 —— 0.00 [0.00;0.01]  4.0%

Random effects model 625 602 <
Heterogeneity: /° = 65%, t* = 1.1766, p < 0.01
0.001 0.1 1 10 1000

0.11 [0.05; 0.22] 100.0%

F
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D Difference SMD  95%-Cl Weight
Henry Plok-2006 40 20005000 38 950 20000 - -5.15 [-6.09;-4.21] 10.9%
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Hyo Jun An-2016 73119290000 411849 82500 075 [-114;-035] 116%
Mohammed Fayek Mahiouz-2022 35 350 0.6000 29 7.70 3.1000 - 195 [-255,-135] 114%
Random effects model 2 384 — -2.08 [-3.56; -0.59] 100.0%
Heterogenaity: /= 95%, /= 3.2930, p <0.01
6420246
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Study logHR SE(logHR) Hazard Ratio HR  95%-Cl Weight
Sukit Pattarajierapan-2022 0.0862 0.1520 —_— 1.09 [0.81;1.47] 20.6%
Seoane A-2020 0.6286 0.2489 4——— 1.88 [1.15;3.05] 7.7%
Enrico Fiori-2012 0.7178 0.2416 ——+—— 2.05 [1.28;3.30] 8.2%
Henry Ptok-2006 -0.2107 0.3146 0.81 [0.44;1.51] 4.8%
Hyo Jun Ahn-2016 0.3221 0.2495 1.38 [0.85;2.26] 7.7%
Andrew Finlayson-2016 ~ 0.2390  0.1937 - 127 [0.88;1.88] 12.7%
Rodrigo-2015 0.3365 0.4504 1.40 [0.58;3.39] 2.3%
Hyun Jung Lee-2011 -0.0513 0.1975 —— 0.95 [0.65; 1.41] 12.2%
Javier-2010 0.6419 0.2581 ——— 1.90 [1.20;3.30] 7.2%
Roopa Vemulapalli-2010  0.0198  0.2194 — 1.02 [0.66;156] 9.9%
|. G. Faragher-2008 0.0488 0.4581 1.05 [0.43;2.59] 2.3%
Richard Johnson-2004 0.0100 0.4849 1.01 [0.39;2.61] 2.0%
Peter W. G. Carne-2004  -0.2231 0.4390 0.80 [0.34;1.90] 25%
Common effect model 1.24 [1.08; 1.42] 100.0%
T
05 1 2

Heterogeneity: 1% = 28%, 12 = 0.0300, p = 0.17

Fig.2 Forest plots of each outcome. A Clinical success; B early compli-
cations; C late complications; D 30-day mortality; E stoma formation; F
hospital stay; G overall survival
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Overall survival

Thirteen studies [17, 18, 20, 22-26, 29, 31, 32, 34, 36]
included a comparison of patient survival rates. Of these,
all 13 met the previously described data extraction criteria.
Ultimately, the meta-analysis found a lower OS rate in the
SEMS group than in the surgical group, with an HR of 1.24
(95% CI 1.08, 1.42). This difference was statistically sig-
nificant (Fig. 2G).

Heterogeneity and publication bias

Heterogeneity and publication bias for various outcomes
are summarized in Table 2. The funnel plots are shown in
Online Resource Fig. 2.

From the mentioned outcomes, “early complications,”
“late complications,” “stoma formation,” and “hospital
stay” showed evidence of heterogeneity across the different
research studies. The P,,,,,(s) for “stoma formation” and
“hospital stay” were < 0.001 and 0.010, respectively, indicat-
ing that the heterogeneity may be due to publication bias.
Conversely, the P, (s) for “early” and “late” complications
were 0.629 and 0.133, respectively, indicating no significant
publication bias. Thus, heterogeneity may arise from other
factors not related to publication bias.

Regardless of the observed heterogeneity, we performed
a subgroup analysis of the results that showed heterogeneity

to provide further insights.

>

Subgroup analysis

For the four results that exhibited heterogeneity, we con-
ducted a subgroup analysis based on publication year,
tumor location, and study type. The results are summarized
in Online Resource Table 4. Subgroups with no significant
heterogeneity and statistically significant conclusions are
highlighted in bold font.

1) Early complications: Nine studies, published after 2010,
comprised this subgroup. The SEMS group showed a

Table 2 The heterogeneity and publication bias of the outcomes

Outcomes P Model type Poeer

Clinical success 0% Fixed 0.057
Early complications 56% Random 0.629
Late complications 71% Random 0.133
30-day mortality 39% Fixed 0.011
Stoma formation 65% Random <0.001
Hospital stay 95% Random 0.010
Overall survival 28% Fixed 0.997

lower probability of early complications than the surgi-
cal group (I>=41%, OR 0.35,95% CI 0.19, 0.63).

2) Of the 7 retrospective studies, a similar conclusion was
drawn (*=40%, OR 0.33,95% CI 0.17, 0.65).

3) Late complications: Among the 6 retrospective stud-
ies, the SEMS group was more likely to experience late
complications than the surgical group (/>=0%, OR 2.73,
95% CI 1.87, 3.99).

4) Stoma formation: Of the 6 studies focusing on left-sided
CRC, the SEMS group showed a lower rate of stoma
formation than the surgical group (>=35%, OR 0.11,
95% CI10.03, 0.34).

5) A similar conclusion was drawn from the 6 studies
published before 2010 (*=4%, OR 0.11, 95% CI 0.04,
0.28).

6) Hospital stay: We could not identify the factors explain-
ing the heterogeneity between studies for this outcome.

Sensitivity analysis

For the above four results with heterogeneity, we conducted
sensitivity analyses. Sensitivity analyses were conducted by
removing each individual study to evaluate whether any single
study had a significant impact on combined estimates. There
was no significance detected for the outcomes of early compli-
cations, stoma formation, and hospital stay. Notably, we found
that the study of Pattarajierapan et al. [35] had a large impact
on combined estimate of late complications (/>=0 without
this study). The results are detailed in Online Resource Fig. 3.

Network meta-analysis

Using a network meta-analysis, multiple treatment inter-
ventions were compared by assessing the direct and indi-
rect evidence from multiple studies. These results pro-
vide more comprehensive insights than those of pairwise
meta-analyses.

Inclusion

Ten studies that compared three treatment strategies (SEMS,
PTR, and S/B) were included. The breakdown of study
inclusion was as follows: SEMS vs. PTR in 3 studies [27,
34, 36] and SEMS vs. S/B in 5 studies [17, 19, 26, 30, 35].
Two studies [20, 33] included comparisons between PTR
and S/B. The treatment-ranking probabilities for the various
outcomes are shown in Fig. 3.

Interpretation of network meta-analysis results
Clinical success: A higher rank indicated a better rate of

clinical symptom relief. PTR appeared to be superior in
clinical success in alleviating symptoms.

@ Springer
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Complications: A higher rank implied fewer complica-
tions and a shorter duration of hospital stay. The PTR
group showed the lowest rate of late complications. The
S/B group had the lowest early mortality rate.
Advantages of SEMS: SEMS placement resulted in fewer
early complications, shorter hospital stays, and a lower
rate of stoma formation.

Further detailed pairwise comparisons of the three treat-
ment strategies are shown in Table 3.

Discussion

The clinical success rate of SEMS is 82-94.4% [37, 38];
our study showed a 94.8% success rate. The key reasons
for failure were constipation and postoperative stent-related
complications [39]. Kwon et al.’s research [38] identified
peritoneal metastatic cancer as a risk factor for failure of
clinical relief (OR, 0.33;95% CI 0.17, 0.65). Both peritoneal
cancer and a stent expansion >90% on day one predicted
postoperative reintervention due to the risk of stent migra-
tion. Another study confirmed that extrinsic colonic com-
pression and stent length are the key factors influencing the
success rate of stent relief [40]. This finding suggests that
the efficacy of the application of stents to relieve extrinsic
compression requires further investigation. Moreover, the
stent placement technique matters; direct endoscopic vision
resulted in a higher success (81% vs. 77%) and fewer com-
plications (20% vs. 38%) than radiographic guidance [41].
Complications are a significant factor affecting the
application of SEMS for CRC obstruction. Particularly
when SEMS placement is used as a palliative treatment,
complications can lead to a poor prognosis and are predictive
factors for lower postoperative survival rates [41, 42]. A study
of 434 patients found no notable differences in the clinical
outcomes between SEMS placement for palliative care or

as a BTS [43]. Our study indicates that there are fewer early
complications caused by SEMS placement than those caused
by surgery (11.3% vs. 28.1%). However, in the long term,
the rate of complications was higher than that of surgery
(24.0% vs. 13.9%). This conclusion, which is consistent
with that of previous studies, underscores the need for a
comprehensive understanding of SEMS applications based
on both immediate and extended postoperative timelines.

Reobstruction is the most common complication of
palliative treatment with SEMS and is more often a
late-stage complication. The median patency period for
palliation is between 55 and 343 days [42, 44, 45]. Early
obstructions are associated with stent placement failure
and stent occlusion, whereas late obstructions are mainly
caused by tumor growth into the stent, which can reobstruct
the area. Suh et al. [46] used a Cox regression analysis to
explore the causes of stent occlusion. The results showed
that a stent expansion of less than 70% within 48 h is a
significant factor for stent occlusion (OR 12.55, 95% CI
2.52, 62.48). Tumor ingrowth occurs over time. For patients
with AOCC, using covered stents may minimize tumor
ingrowth; however, this approach presents an increased
migration risk [47-49]. Endoscopic electrocoagulation
therapy or secondary stent placement can be performed
for reobstruction. For patients in palliative care, secondary
stent placement, including the replacement/placement of a
new stent inside the existing stent, is an effective treatment
method. The success rate is 75-86%, and patency is
generally maintained until the end of life [44].

Perforation is the most severe complication of SEMS
placement and can lead to severe peritonitis. This complication
often requires emergency surgical intervention and may require
procedures such as ostomy or Hartmann’s [45]. Perforation
is more frequent in patients with AOCC, particularly in
those with poor bowel preparation and significant narrowing
attributed to guidewire or catheter damage. Thus, thorough
bowel cleaning, preventive antibiotic use, combined

Table 3 Pairwise comparisons

. . Outcomes
of the three treatment strategies

SEMS S/B

Clinical success SEMS - 1.08 (-0.21, 2.70)
PTR —2.15(—4.21,—-0.51) —1.06 (—2.54, 0.26)
Early complications SEMS - 0.82 (0.04, 1.65)
PTR —1.51 (—2.29,—-0.80) —0.70 (—1.56, 0.18)
Late complications SEMS - 0.77 (- 1.03, 2.30)
PTR 1.99 (—0.34, 4.50) 2.76 (—0.25,5.61)
30-day mortality SEMS - —0.70 (-2.46, 1.10)
PTR —0.33 (—3.64,2.45) —1.02 (—-3.86, 1.22)
Stoma formation SEMS - 133.84 (36.89, 234.58)
PTR —1.31(-5.88,3.17) 132.46 (35.60, 233.25)
Hospital stay SEMS - 7.07 (1.13, 13.64)
PTR —6.68 (—13.34,-0.96) 0.43 (—8.82, 8.86)

The values in the table are /n (OR) and 95%CI. Bold values indicate statistical significance
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endoscopy, and radiology are crucial for precise tumor location
assessment [48]. Analgesics and sedatives are beneficial
during the procedure and an expert endoscopist should guide
the process [50]. Late-stage perforations are mainly caused
by stent-associated tumor erosion of the intestinal wall and
ischemic necrosis of the intestinal tissue. While traditional
stents made from nickel-titanium and stainless steel offer
strong support, they may also cause foreign body reactions,
leading to perforation. Newer biodegradable and polymeric
stents aim to combat this problem. However, their mechanical
strength and support require further optimization.

Comprehensive chemotherapy is the primary treatment
method for patients with AOCC. Compared with surgery,
SEMS can significantly shorten the time before initiating
chemotherapy because of its minimal invasiveness and quick
recovery of patients, as verified in multiple studies [25, 31,
32, 34, 35]. Although there are concerns regarding increased
complications when pairing SEMS placement with chemo-
therapy, this approach prolongs patient survival [42]. How-
ever, the combination of SEMS and targeted drugs, such as
bevacizumab (a monoclonal antibody), remains controver-
sial. Given the role of bevacizumab in hindering blood ves-
sel growth and the potential of SEMSs to erode the intestinal
walls, there is an increased risk of ischemic perforation [51].
A systematic study including 682 patients showed that in
patients with AOCC with SEMS, combining chemotherapy
and bevacizumab increased the risk of perforation (63.4%
vs. 25.7%). However, survival increased: 12.8-43 months vs.
18-20 months [52]. We suggest that, for patients with AOCC
undergoing chemotherapy, SEMS should not be ruled out
entirely given its alleviation ability and potential survival
benefits.

The surgical treatment of CRC obstruction considers fac-
tors such as patient condition, tumor type, stage, personal
preferences, and hospital facilities. For patients with AOCC,
who typically have poor prognoses, surgical decisions
demand caution [53]. For example, in advanced asymp-
tomatic CRC, PTR does not offer significant benefits for
patients compared with those for patients who only receive
chemotherapy [54, 55]. However, this conclusion requires
further investigation in patients with AOCC. Our study
found that the patients who underwent surgery had better
clinical success rates, fewer long-term complications, and
higher survival rates. Although surgery shows only partial
advantages over SEMS placement, it provides a basis for
individualized treatment.

The optimal selection of surgical approaches is currently
conflicting, and there is a lack of refined strategies for select-
ing the optimal surgical method. According to our meta-
analysis, the selection of the surgical method was largely
based on the intraoperative conditions and the surgeon’s
individual preferences [16, 18, 20-25, 28, 29, 31, 32]. This
introduces significant unpredictability into patient prognosis.

@ Springer

In our network meta-analysis, PTR exhibited the best clini-
cal success rate and decreased late complications, revealing
the benefits of tumor removal. This effectively diminishes
the uncertainty introduced by the continued tumor growth
in patients with AOCC. Regarding early complications and
short-term mortality, the S/B stands out for its rapid pro-
cedure, minimal invasiveness, and quick recovery (Fig. 3).
Thus, from different postoperative perspectives, PTR and
S/B each have their advantages.

Surgery for CRC obstruction has shown promise in
extending survival rates compared with those of SEMS
placement, despite the inherent risks of complications
and postoperative mortality. Our study’s HR of 1.24 (95%
CI 1.08, 1.42) further highlights this potential advantage,
challenging previous meta-analyses [8, 10, 11], yet being
consistent with several other studies [23, 26, 31, 32, 34].
Although stents effectively alleviate obstruction symptoms,
they do not affect the growth or metastasis of primary
tumors. Surgical removal decreases the tumor size and
reduces the number of tumors, thereby delaying tumor
growth and spread. Additionally, selection bias in patients is
a factor; those with better health and longer life expectancies
are more likely to choose surgery (after consulting with
their physicians for treatment options). Thus, the decision
between SEMS and surgery should be collaborative, with
full consideration of the impact of both options on the
survival duration.

In terms of heterogeneity, we found significant hetero-
geneity (I*>50%) in four outcomes: early complications,
late complications, stoma formation, and length of hospi-
tal stay. Subgroup and sensitivity analyses were conducted
accordingly. In subgroup analysis, we identified publication
year, tumor location, and study type as potential sources of
heterogeneity. Left CRC are more prone to obstruction, and
SEMS in left CRC is more recommended based on previ-
ous studies. Conversely, in other sites of the colon, SEMS is
less common due to the higher risks of stent migration and
technical difficulties. Regarding publication year and study
type, heterogeneity is an inevitable factor.

In sensitivity analyses, we found that the study by
Pattarajierapan et al. [35] had a significant impact on the
outcomes of late complications, as reflected in the combined
result forest plot (Fig. 2C). This study compared SEMS
versus S/B procedures. In network analysis, S/B procedures
showed the highest rate of late complications (Fig. 3C1),
while PTR procedures showed the lowest, which could be
a source of heterogeneity. Additionally, since the study
population was Asian, racial differences may also be a
contributing factor.

Our study had the following limitations:

1. Heterogeneity was observed among the included studies.
Although we attempted to explain some of the heterogeneity
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among the research results through a subgroup analysis,
some heterogeneities remain unexplained.

2. RCTs are lacking in the literature. In our meta-analysis,
only two met the inclusion criteria. Future research
requires more RCTs to provide high-quality evidence.

3. Regarding survival rate studies, higher-quality research
is needed. This entails balancing the differences in base-
line patient status and tumor conditions across groups.
Long-term follow-up is also essential to validate our
conclusions.

In conclusion, our meta-analysis showed that SEMS
placement has advantages in terms of the incidence of
early postoperative complications, postoperative mortality,
stoma formation rate, and postoperative hospitalization
time in patients with AOCC. However, surgical
treatment is superior to SEMS placement in clinical
symptom remission, late complication rates, and overall
survival rates. PTR can improve the rate of remission
of clinical symptoms and decrease the incidence of late
complications when selecting specific surgical methods.
Patients who underwent S/B had a lower incidence of early
complications and 30-day mortality after surgery. These
results emphasize that patient condition, patient/physician
preferences, and risk factors should be considered when
selecting AOCC treatment.
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