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ABSTRACT

Background. The short-term safety and efficacy of

insertion of a self-expandable metallic colonic stent fol-

lowed by elective surgery, bridge to surgery (BTS), for

malignant large-bowel obstruction (MLBO) have been well

described. However, long-term oncological outcomes are

still debated. Hence, this study is conducted to evaluate

long-term outcomes of colonic stent insertion followed by

surgery for MLBO.

Methods. A comprehensive electronic literature search

through May 2014 was performed to identify studies

comparing long-term outcomes between BTS and emer-

gency surgery for MLBO. The main outcome measures

were overall survival (OS), disease-free survival (DFS),

and recurrence. A meta-analysis was performed using

random-effects models to calculate risk ratios (RRs) with

95 % confidence intervals (95 % CIs).

Results. There were 11 studies that matched the criteria

for inclusion, yielding a total of 1136 patients, of whom

432 (38.0 %) underwent BTS and 704 (62.0 %) underwent

emergency surgery. In OS analyses of all patients and

patients who underwent curative resection, BTS was sim-

ilar to emergency surgery [(RR = 0.95; 95 % CI 0.75–

1.21; P = 0.66) (RR = 0.96; 95 % CI 0.67–1.37;

P = 0.82), respectively]. DFS (RR = 1.06; 95 % CI 0.91–

1.24; P = 0.43) and recurrence (RR = 1.13; 95 % CI

0.82–1.54; P = 0.46) did not differ significantly between

the BTS and emergency surgery groups.

Conclusions. Results of this meta-analysis on long-term as

well as well-described short-term outcomes suggest that

BTS could be a promising alternative strategy for MLBO

patients.

Approximately 10 % of patients with colorectal cancer

initially present with large-bowel obstruction, which in turn

accounts for 85 % of colonic emergencies.1,2 The standard

for management of malignant large-bowel obstruction

(MLBO) is emergency surgery, which frequently requires

stoma creation. However, emergency colorectal surgery

continues to be associated with significant mortality and

morbidity.3 Furthermore, patients who undergo emergency

surgery are reported to have poorer oncological prognoses

than those who undergo elective surgery, even for equivalent

disease stages.4,5 Dohmoto first described the placement of a

self-expandable metallic colonic stent (SEMS) for the relief

of colonic obstruction in 1991.6,7 The SEMS is now con-

sidered to be a safe and effective alternative modality for

decompressing MLBO, as several meta-analyses have

demonstrated favorable short-term outcomes of SEMS

insertion followed by surgery, ‘‘bridge to surgery (BTS),’’

compared with emergency surgery.8–10 Preoperative SEMS

insertion can prevent high-risk emergency surgery and may

allow elective radical surgery following full preoperative

staging, screening for synchronous proximal lesions, and

appropriate bowel preparation.11–13

In theory, SEMS insertion could have deleterious effects

on both tumor progression and metastasis, but the effect of
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SEMS on the long-term oncological outcome of patients

whose disease is potentially curable is still unclear.14,15

Until very recently, studies evaluating long-term oncolog-

ical effects of BTS were sparse; however, several long-

term studies were published after 2013 and have become

drivers of further debate.16–20 We have therefore conducted

a meta-analysis that includes very recent studies and a large

sample size (n = 1136) to provide a conclusive assessment

of the effect of BTS for MLBO on long-term oncological

outcomes.

METHODS

This meta-analysis was performed in accordance with

the guidelines of Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) 2009.21

Literature Retrieval and Study Selection

A systematic review of literature in MEDLINE, Pub-

Med, Google Scholar, and the Cochrane Database was

performed to identify relevant studies published through

May 2014. The search terms used were ‘‘colorectal can-

cer,’’ ‘‘stent,’’ ‘‘large bowel obstruction,’’ ‘‘surgery,’’ and

‘‘survival’’ as key words. The related article’s function was

used to broaden the search. Of those identified as poten-

tially relevant, complete articles were retrieved and

formally evaluated for inclusion. References from all rel-

evant papers were hand-searched for additional studies.

Inclusion and Exclusion Criteria

We defined inclusion and exclusion criteria a priori. To

be included in our meta-analysis: (1) a study had to be an

randomized controlled trial (RCT) or other comparative

study evaluating predefined outcomes in subjects who

underwent BTS or emergency surgery for MLBO and (2)

predefined outcomes had to be analyzed using more than

3 years of oncological data, including overall survival (OS)

and/or disease-free survival (DFS) and/or recurrence.

Articles written in any language were considered eligible.

Studies were excluded if: (1) predefined outcomes were not

reported for the two techniques or it was impossible to

extract the number of events of outcomes from the pub-

lished results, and (2) SEMS insertion was performed only

with the intent of palliation (i.e., without being followed by

surgery).

Data Extraction

Each retrieved publication was evaluated independently

by 2 investigators (A.M. and T.K.) for inclusion or

exclusion. Data reviewed included the primary author’s

name, the year of publication, the country in which the

study was performed, the design and duration of the study,

and the number of included subjects and their character-

istics, including age, sex, tumor-related variables, surgery-

related variables, follow-up period, and all available long-

term outcomes.

Data Synthesis and Statistical Analysis

Dichotomous variables were analyzed by assessing the

risk ratio (RR) of an adverse event occurring with BTS

compared with the emergency surgery group along with

95 % confidence intervals (95 % CIs). An RR \ 1 favored

the BTS group, and the point estimate of the RR was

considered statistically significant at the P \ 0.05 level if

the 95 % CI did not include the value 1. The pooled RR

was calculated using the Mantel–Haenszel method to

combine RRs for outcomes of interest. Considering the

between-study heterogeneity, a ‘‘random-effects’’ meta-

analytical technique was applied, making the calculated

RR more conservative than with a fixed-effects model.22

Meta-analysis was performed using Review Manager

(RevMan) Version 5.1 for Windows’’ (Nordic Cochrane

Centre, Cochrane Collaboration; Copenhagen, Demark;

http://www.cc-ims.net/RevMan). Cochran’s Chi square-

based Q statistic test was applied to assess between-study

heterogeneity. I2 was used to test the heterogeneity

between the included studies. Study heterogeneity was

measured using the v2 and I2 statistics, with v2 P \ 0.05

and I2 C 50 % indicating heterogeneity.23 Publication bias

was assessed by visual examination of a funnel plot, with

asymmetry formally assessed with Egger’s linear regres-

sion test and the rank correlation test (Begg’s test) using

‘‘WINPEPI’’ software (available at http://www.

brixtonhealth.com/pepi4windows.html).24,25

RESULTS

Study Selection, Patient Characteristics, and Short-

Term Outcomes

The electronic literature search yielded 497 hits. Of these,

we excluded 430 studies based on title and abstract review;

six were added from the related article’s function or a manual

search. Of 73 full-text articles evaluated, 62 were excluded

after full-text article review. The 11 remaining studies,

published between 2003 and 2014, matched our inclusion

criteria for this meta-analysis (Supplementary

Fig. 1).16–20,26–31 The basic characteristics of the 11 inclu-

ded studies are shown in Table 1. There were 10 studies

published in English 16–20,26–30 and 1 in Chinese.31 There
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FIG. 1 a Meta-analysis of overall survival between bridge to surgery

and emergency surgery for malignant large-bowel obstruction. b
Meta-analysis of overall survival between bridge to surgery and

emergency surgery for malignant large-bowel obstruction in the

population that underwent curative resection. BTS bridge to surgery,

E Surgery emergency surgery, M–H Mantel–Haenszel, 95 % CI 95 %

confidence interval
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were six studies that originated from Western countries
17–20,26,27 and five from Asia.16,28–31 These 11 studies con-

sisted of 2 RCTs,26,30 two prospective reviews,17,18 and

seven retrospective reviews.16,19,20,27–29,31 One study was a

multi-institution study,20 and the other ten were single-

institution studies.16–19,26–31

The detailed characteristics and short- and long-term

outcomes of the 11 included studies are presented in

Supplementary Table 1. The number of patients in each

study had a range of 28–248. Of the 1136 patients included

in this meta-analysis, 432 (38.0 %) underwent BTS and

704 (62.0 %) underwent emergency surgery. Administra-

tion rates of adjuvant chemotherapy in each group were

described in seven studies, and no significant differences

were observed in all seven studies.16–18,20,28–30 There were

ten studies that mentioned median follow-up periods, with

a range of 21–86 months.16,18–20,26–31

Long-Term Outcomes

Of the 11 studies included in the meta-analysis, OS was

evaluated as an endpoint in all 11 studies, DFS was eval-

uated in six,16,19,20,28–30 and recurrence in

eight.16,18–20,26,28–30 If the study provided only a survival

curve and not a survival rate, we obtained the rate by

extracting data as accurately as possible from the figure and

thereafter calculated the number of events.

Data on 5-year OS were available in eight studies, with

the overall rate being 63.8 %.16,20,26–31 The 5-year OS rates

in the BTS and emergency surgery groups of these eight

studies were 57.2 and 67.1 %, respectively. There were

three studies that reported 3-year OS data; rates in the BTS

and emergency surgery groups were 66.7 and 51.9 %,

respectively.17–19 The relatively short-term oncological

outcomes of these three studies 17–19 were integrated into

the data of the other eight studies 16,20,26–31 for final meta-

analysis to increase the sample size to 1,136. Pooled

together, meta-analysis of 11 studies investigated OS

between BTS and emergency surgery groups and found no

significant difference (RR = 0.95; 95 % CI 0.75–1.21;

P = 0.66), but the results were heterogeneous

(v2 = 23.79; P = 0.008; I2 = 58 %) (Fig. 1a). Visual

inspection of the funnel plot for OS did not suggest the

presence of publication bias (Supplementary Fig. 2), and

no significant publication bias was observed on either the

Egger (P = 0.592) or rank correlation (P = 0.697) test.

Considering the significant prognostic impact of residual

cancer after surgery, which can negate the potential onco-

logical influence of SEMS, we conducted an additional

analysis investigating OS in the population of patients who

underwent curative resection. A total of nine studies con-

tributed the analysis and demonstrated no significant

difference between the BTS and emergency surgery groupsT
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(RR = 0.96; 95 % CI 0.67–1.37; P = 0.82), but the results

were heterogeneous (v2 = 17.12; P = 0.03; I2 = 53 %)

(Fig. 1b).16,17,19,20,26–30

Also, five studies evaluated 5-year DFS, with the overall

rate being 55.1 %.16,20,28–30 The 5-year DFS rates in the

BTS and emergency surgery groups of these 5 studies were

48.4 and 59.0 %, respectively. With an integration of 3-

year DFS data by Quereshy et al., pooled analysis in a total

of 593 patients demonstrated no significant difference

between the BTS and emergency surgery groups in DFS

(RR = 1.06; 95 % CI = 0.91–1.24; P = 0.43) with no

significant heterogeneity (v2 = 4.32; P = 0.50; I2 = 0 %)

(Fig. 2).19

Of the included studies, eight assessed the effect of BTS on

recurrence in a total of 672 patients.16,18–20,26,28–30 Meta-

analysis of recurrence showed no significant difference

between the BTS and emergency surgery groups (RR = 1.13;

95 % CI 0.82–1.54; P = 0.46) with no significant heteroge-

neity (v2 = 8.81; P = 0.27; I2 = 21 %) (Fig. 3).

Sensitivity Analysis

Sensitivity analyses address the robustness of the find-

ings obtained from meta-analysis. They involve comparing

the results of two or more meta-analyses calculated using

different assumptions; i.e., they test whether the assump-

tions or decisions made during the course of the review

have a major effect on the results. To identify potential

moderator variables, sensitivity analyses across seven

variables, including study design, region of study, number

of cases, type of stent, surgical procedure in the BTS group,

presence or absence of intention-to-treat analysis, and

success rate of SEMS insertion, were performed (Table 2).

Across all analyses involving different study/patient char-

acteristics, the BTS group continued to be similar to the

emergency surgery group in OS, with v2 P and I2 contin-

uing to indicate significant heterogeneity in the seven

subgroups.

DISCUSSION

This systematic review and meta-analysis of 11 studies,

which included 1,136 patients, evaluated the long-term

oncological outcomes of BTS for MLBO compared with

emergency surgery. The results of this meta-analysis show

that BTS was oncologically comparable to emergency

surgery with respect to OS, DFS, and recurrence. These

results document the oncological safety of BTS and add to

those of previous studies showing that SEMS insertion

provides time for patient stabilization, staging workup,

screening of synchronous proximal lesions, and appropriate

bowel preparation and short-term safety and feasibility, in

terms of morbidity, stoma creation, primary anastomosis,

and length of hospital stay.8–10,32

FIG. 2 Meta-analysis of disease-free survival between bridge to surgery and emergency surgery for malignant large-bowel obstruction. BTS

bridge to surgery, E Surgery emergency surgery, M–H Mantel–Haenszel, 95 % CI 95 % confidence interval
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In contrast to the well-defined short-term benefits of

BTS, oncological outcomes of BTS continue to be dis-

cussed but are as yet undetermined. Saida et al. first

demonstrated long-term outcomes of BTS retrospectively,

reporting no significant difference in 5-year OS compared

with emergency surgery (44 vs. 40 %, respectively).29

Thereafter, Zhang et al. first reported results of meta-ana-

lysis in 2012 with regard to oncological outcomes and

showed that BTS did not adversely affect long-term sur-

vival compared with emergency surgery.32 However, this

result seems inconclusive because this study analyzed

survival in a relatively small number of studies and sam-

ples (4 studies and 390 cases). In addition, a recent

retrospective study by Gianotti et al. demonstrated a sur-

vival benefit of BTS strategy over emergency surgery.17

Historically, the negative oncological impact of SEMS

insertion has been of concern. The enforced radial dilata-

tion by SEMS suggests the possibility of increased risk of

perforation and tumor manipulation that can induce dis-

semination of cancer cells into the peritoneal cavity,

surrounding lymphatic vessels, and bloodstream. A study

by Maruthachalam et al. supported this theory by showing

a significant increase of cytokeratin 20 mRNA expression

in peripheral venous blood following SEMS insertion

compared with staging colonoscopy.15 In 2013, Sabbagh

et al. reported a notable negative oncological impact of

BTS compared with emergency surgery by showing 5-year

OS data of 25 versus 62 %, respectively, although this

study was retrospective but using a propensity score ana-

lysis to eliminate selection biases.20 In a subsequent report,

the authors also indicated that SEMS insertion in BTS

caused higher rates of tumor ulceration, peritumor ulcera-

tion, perineural invasion, and lymph node invasion than did

emergency-surgery groups and that these pathological

alterations may partially explain the negative oncological

impact of BTS.33

BTS strategy is currently becoming a more frequent

treatment modality for MLBO based only on short-term

benefits, but the contrary opinions should not be ignored

and the oncological influence of BTS should be assessed by

multicenter RCTs. However, seven previous multicenter

RCTs investigating the efficacy of BTS have been closed

prematurely because of a high rate of SEMS-related com-

plications, including insertion failure and perforation.34,35

Given the requirement of a very large sample size (more

than 1,000 patients), its emergency setting, and the diffi-

culty of technical standardization with SEMS insertion and

surgery, such an RCT does not seem feasible.20 Therefore,

the results of our meta-analysis comprising 11 studies, with

a relatively large sample size (n = 1136), are clinically

meaningful.

The current meta-analysis demonstrates that BTS was

similar to surgery without SEMS insertion with respect to

oncological outcomes. Furthermore, the OS analysis of

only those patients with curative resection, with the

intention of eliminating the effect of residual tumor on

survival, was also consistent. A plausible pathophysiolog-

ical reason for SEMS insertion not adversely influencing

oncological outcomes would be the reductive effect of BTS

on morbidity. Among all 11 studies included in the current

study, six demonstrated a significant reduction in morbidity

for the BTS group (Supplementary Table 1). Major surgery

induces a certain degree of systemic proinflammatory

response, including release of proinflammatory cytokines,

and subsequent postoperative complications cause further

exaggerated proinflammatory responses.36–38 Studies have

FIG. 3 Meta-analysis of recurrence between bridge to surgery and emergency surgery for malignant large-bowel obstruction. BTS bridge to

surgery, E Surgery emergency surgery, M–H Mantel–Haenszel, 95 % CI 95 % confidence interval
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shown that a proinflammatory milieu can promote cancer

progression and lead to poor prognosis in colorectal cancer

patients.39–41 In addition, the occurrence of postoperative

complications can delay or omit the induction of adjuvant

chemotherapy because of a patient’s poor health condition.

A longer interval from surgery to adjuvant chemotherapy

has been reported to be associated with worse survival in

colorectal cancer patients.42 Taken together, the lower rate

of morbidity in the BTS group may have compensated for

the possible oncological deteriorations associated with

SEMS insertion.

This study involves several other limitations that must

be taken into account. As with all systematic reviews, the

strength of our conclusions depends on the quality of the

primary studies. Indeed, only two of the studies included in

this meta-analysis are RCTs, one of which has closed

prematurely because of the high rate of anastomotic leak-

age in the emergency surgery group.26 The indication for

SEMS insertion before surgery was not clear in any of the

retrospective studies. However, as mentioned previously,

considering the obstacles, such as the requirement of very

large sample size, emergency setting, and the difficulty of

technical standardization, pursuing a multicenter RCT on

this topic does not seem feasible. The differences in

selection criteria, sample size, type of SEMS, and technical

quality of procedures, and other factors among the studies

might be responsible for the high heterogeneity observed

across studies. Calculations using the random-effects

model for estimation of overall incidence might

have minimized, but did not eradicate, this significant

heterogeneity.

In conclusion, this study suggests that BTS, SEMS

insertion followed by surgery, has no adverse influence in

terms of patient oncological outcomes, including OS, DFS,

and recurrence, compared with emergency surgery. Thus,

results of this meta-analysis on long-term as well as well-

described short-term outcomes suggest that BTS could be a

promising alternative strategy for MLBO patients.
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