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• PGJ and EUS-GE are recommended for malignant GOO 

• PGJ could be the alternative choice in centers with limited resources or cases unsuitable for EUS-GE

Palliative procedures for malignant gastric outlet obstruction
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Network meta-analysis of 4 RCTs and
36 non-RCTs to investigate the

optimal palliative treatment for GOO
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RCT, randomized controlled trial;
GOO, gastric outlet obstruction;  
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Introduction
Malignant gastric outlet obstruction (GOO) results from various
malignancies, such as gastroduodenal, pancreaticobiliary, colo-
rectal, breast, and lung cancers [1, 2]. GOO indicates poor
prognosis, and it often presents with nausea, bloating, vomit-
ing, and abdominal pain. It can also cause difficulty in oral in-
take, which can lead to fluid and electrolyte imbalances and se-
vere malnutrition, from which recovery is difficult [3, 4]. As pa-
tients with GOO have a median survival of only 2–10 months,
doctors face many challenges when selecting treatment modal-
ities [5, 6]. Palliative procedures for patients with GOO involve
re-enabling the passage of food and liquid at the obstructed lo-
cation or creating a new gastrointestinal pathway that bypasses
the obstruction. Therefore, gastrojejunostomy, stomach-parti-
tioning gastrojejunostomy (PGJ), endoscopic stenting, and
endoscopic ultrasound-guided gastroenterostomy (EUS-GE)
are indicated to restore the normal function of the digestive
system (▶Fig. 1).

PGJ is more effective than gastrojejunostomy in terms of re-
ducing delayed gastric emptying [7]. The advantage of endo-
scopic stenting over EUS-GE is a shorter hospital stay, but at a
cost of a higher reintervention rate due to stent blockage or mi-
gration [8]. The advantage of EUS-GE over endoscopic stenting
is a lower rate of reintervention due to recurrent GOO [9].
Moreover, by establishing the anastomosis far from the tumor
location, PGJ and EUS-GE may reduce the risk of recurrent ob-
struction. However, PGJ and EUS-GE are more invasive and com-
plex procedures, and their risks and benefits remain uncertain.

The lack of pairwise comparison in randomized controlled
trials (RCTs) and non-RCTs indicates the difficulty of optimal
clinical decisions. Therefore, this network meta-analysis (NMA)
comprehensively evaluated these four primary procedures for
the treatment of malignant GOO.

Methods
Inclusion and exclusion criteria

Studies were included in this NMA if they were RCTs or prospec-
tive or retrospective cohort studies that compared at least two
of the treatments (gastrojejunostomy, PGJ, endoscopic stent-
ing, and EUS-GE) for patients with malignant GOO, and report-
ed at least one of the following clinical outcomes: clinical suc-
cess rate, complication rate, 30-day mortality rate, reinterven-
tion rate, or length of hospital stay (LOS). We included RCTs as
well as cohort studies that were balanced at baseline, with the
rationale that appropriately analyzed non-RCTs could also aid in
improving the decision-making process [10]. To minimize bias,
only studies with cohorts that were balanced in terms of con-
founding factors (P > 0.05 for baseline characteristics) or with
characteristics that were adjusted at baseline (through propen-
sity-score matching, regression model adjustment, or sub-
group analysis) were included [11].

We excluded studies that investigated only benign GOO or
reported unextractable data on malignant GOO. We also ex-
cluded studies without balanced baseline characteristics or
suitable adjustments, studies that did not compare palliative
treatments, and studies comparing treatment characteristics
(e. g. surgical approach, anastomosis type, or stent type) within
only one type of intervention.

Search strategy

Two authors independently conducted the search. The designa-
ted search terms are presented in the supplementary materials
and methods (see Section S1 in the online-only Supplementary
material). We searched the PubMed, Embase, Cochrane Library,
Scopus, and Web of Science databases (Table1s). The final
search was conducted in March 2023. To evaluate ongoing and
related studies, we also searched ClinicalTrials.gov and the
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Results This network meta-analysis included 3617 pa-

tients from 4 RCTs, 4 prospective cohort studies, and 32

retrospective cohort studies. PGJ was the optimal approach

in terms of clinical success and reintervention (P scores:
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World Health Organization International Clinical Trials Registry
Platform. All references from original articles and previous sys-
tematic reviews were also checked for additional relevant arti-
cles. We did not limit our search by language or date of publica-
tion. We contacted the corresponding authors of studies when
clarification on the outcomes of interest was necessary. The
study protocol was registered on PROSPERO
(CRD42021265505).

Outcome variables and data extraction

The primary outcome of this NMA was clinical efficacy based on
reintervention rate. The primary purpose of treatment for ma-
lignant GOO is restoring the movement of food and liquid
through the gastrointestinal tract; a lower rate of reinterven-
tion due to complication or recurrent obstruction indicates
greater clinical efficacy. The secondary outcomes were clinical
success rate, complication rate, 30-day mortality rate, and LOS.
In addition, the 30-day mortality rate and complication rate
were separately combined with reintervention rate, for analysis
of the combined safety and efficacy of treatments. Additional
details, including the definitions of all procedures and out-
comes, are provided in supplementary Section S1.

Two authors independently extracted data. Differences and
uncertainties were resolved through group discussion after the
authors of the original publications were contacted for clarifi-
cation. We extracted study characteristics and statistics related
to the outcomes of interest. We used WebPlotDigitizer to ex-
tract data from figures (Kaplan–Meier curves). We implemen-
ted data transformation to means and SDs for continuous data
reported by a five-number summary [12].

Network geometries, risk of bias,
and level of evidence

The geometries and confidence in the evidence of this NMA
were created in accordance with the Confidence in Network
Meta-Analysis (CINeMA) approach [13]. The risk of bias within
individual studies was evaluated using the Cochrane RoB 2 tool
for RCTs and ROBIN-I tool for non-RCTs [14, 15]. To evaluate
publication bias, we employed a funnel plot and Egger test,
and checked for asymmetry in order from the oldest to the
newest treatment comparisons [16].

Statistical analysis and network outcomes

Treatment effects are reported as relative risks (RRs) with 95%
CIs for binary outcomes and as mean differences with 95%CIs
for continuous outcomes. Our network model followed a fre-
quentist approach in which we used the package netmeta
ver.2.1–0 in R ver.4.2.0 [17]. We transformed the effect size
data through pairwise comparison to match the network mod-
el. We then established a random-effects model. We assessed
global network consistency by using the Q statistic under the
assumption of full design-by-treatment interaction in the ran-
dom-effects model. We assessed local network inconsistency
by separating indirect and direct evidence through back-calcu-
lation [18]. Owing to the limited availability of data from RCTs,
we performed a standard NMA with naïve combination of all the
evidence from the RCTs and non-RCTs [10]. As the rates of the
outcomes of interest were common and very common, we used
the inverse variance method with continuity correction for only
those studies with zero events in every treatment arm following
the default setup for the inverse variance method in the netme-
ta package.

Gastrojejunostomy EUS-guided
gastroenterostomy

Stomach-partitioning
gastrojenuostomy

Endoscopic stenting

▶ Fig. 1 Techniques for treating malignant gastric outlet obstruction (GOO). Gastrojejunostomy: reconstructive procedure that creates the
anastomosis between the stomach and small intestine. Stomach-partitioning gastrojejunostomy: the stomach is partitioned from the greater
curvature to the lesser curvature, leaving only a tunnel 2–3 cm from the lesser curvature; gastrojejunostomy is then performed in the proximal
part of the stomach. Endoscopic stenting: placement of a permanent, endoluminal, self-expandable metal stent through the stricture. Endo-
scopic ultrasound-guided gastroenterostomy: through the ultrasound tip of the endoscope, the position of the duodenum or jejunum next to
the stomach wall is determined and an anastomosis is created using a lumen-apposing metal stent.
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The network outcomes included forest plots and league ta-
bles sorted by treatment ranking for each outcome of interest.
We ranked treatment outcomes using P score (0–1), which in-
dicates the probability of a treatment being optimal, with a
higher P score indicating better treatment [19]. We combined
rankings of primary and secondary outcomes to obtain the op-
timal treatment. We specified negative effect sizes for compli-
cation rate, 30-day mortality rate, reintervention rate, and LOS,
meaning that more effective treatments would reduce these
values. We performed subgroup analysis to investigate poten-
tial effect modifiers in cases of high heterogeneity, and we con-
ducted sensitivity analysis to detect potential inconsistencies in
comparisons and publication bias.

Results
Additional data and analyses from this NMA are available in the
online supplementary material in Tables 1s–29s and Fig. 1s–
6s.

Search overview, study characteristics,
and network geometries

The systematic search process identified 10 911 studies. After
removing 4605 duplicates through Endnote and manual
screening, and excluding 6235 irrelevant studies through title

and abstract screening, we retrieved the full texts of 73 studies;
40 studies were deemed eligible for inclusion in our systematic
review on the basis of the inclusion and exclusion criteria
(▶Fig. 2).

Data were derived from 3617 patients from 4 RCTs, 4 pro-
spective studies, and 32 retrospective cohort studies. The in-
cluded studies were conducted in Asia, Europe, North America,
South America, Oceania, or multiple regions, and comprised
patients with malignant GOO, pancreatic cancer only, or gastric
cancer only (Table 2s, Table3s). The overall population had a
mean age of 67 (SD 13) years and a male:female ratio of 3:2.
The overall rates of clinical success, complications, 30-day mor-
tality, and reintervention were 88.9% (95%CI 85.6 to 91.6),
20.7% (95%CI 17.2 to 24.7), 5.4% (95%CI 3.2 to 8.9), and
13.9% (95%CI 10.7 to 17.9), respectively (Table 4s, Fig. 2s).

▶Fig. 3 depicts the network geometry for the primary out-
come, with four interventions and five direct comparisons
(EUS-GE–PGJ comparison was not available). The secondary
outcomes of clinical success rate, mortality rate, and complica-
tion rate had similar geometries to that of the primary out-
come, but LOS data were available for only four direct compar-
isons (EUS-GE vs. PGJ and PGJ vs. endoscopic stenting compar-
isons were not available) (Fig. 1s).

Identification of studies via databases and registers

Records identified from:
▪ PubMed (n = 1640)
▪ Embase (n = 3146)
▪ Web of Science (n = 1359)
▪ Scopus (n = 4683)
▪ Cochrane (n = 25)
▪ Clinicaltrials (n = 44)
▪ WHO ICTRP (n = 14)
Total = 10 911

Records removed before screening:
▪ Duplicate records removed
 unsing Endnote and manually 
 (n = 4605)

Records screened (n = 6306) Records excluded for irrelevant 
contents (n = 6235)

Reports sought for retrieval
 (n = 71)

Reports not retrieved
 (n = 0)

Reports assessed for retrieval
(n = 2)

Reports assessed for eligibility  
(n = 71)

Studies included in review 
(n = 40)

Reports excluded:
▪ Review (n = 1)
▪ Duplicates (n = 3)
▪ Unextractable (n = 12)
▪ Unbalanced (n = 17)

Reports assessed for eligibility  
(n = 2)

Records identified from:
▪ Citation searching (n = 2)

Identification of studies via other methods
Id
en
tif
ic
at
io
n

Sc
re
en
in
g

In
cl
ud
ed

▶ Fig. 2 Flow chart according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses. WHO ICTRR, World Health
Organization International Clinical Trials Registry Platform.
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Primary outcome

Reintervention rate

The risk of reintervention was found to be lower for PGJ (RR
0.14; 95%CI 0.03 to 0.67), EUS-GE (RR 0.27; 95%CI 0.11 to
0.67), and gastrojejunostomy (RR 0.51; 95%CI 0.38 to 0.70)
than for endoscopic stenting, with low and very low certainty
(▶Fig. 4, Table17s). PGJ and EUS-GE had higher probabilities
of being the optimal approach in terms of reintervention rate
(P scores of 0.90 and 0.72, respectively). Endoscopic stenting
had the lowest probability of preventing reintervention (P score
of 0.00). The heterogeneity in this network (τ2 = 0.17; I2 =
39.3%) was moderate (▶Table1). We found no evidence of in-
consistency between direct and indirect comparisons, and no
publication bias in the network for this outcome (Table5s,
Fig. 4s). The results of standard pairwise meta-analyses were
similar to those of the NMA (Table6s, Fig. 5s).

We conducted a secondary analysis of the primary outcome
based on the indication for reintervention: obstruction or com-
plication. PGJ and EUS-GE had higher probabilities of being the
optimal approach in terms of reintervention for obstruction (P
scores of 0.88 and 0.73, respectively) (Table 7s, Table 8s, Table
11s). Endoscopic stenting resulted in the highest probability of

reintervention due to obstruction. PGJ was the optimal ap-
proach for preventing reintervention due to complications (P
score of 0.81). Endoscopic stenting and gastrojejunostomy
had lower probabilities of preventing reintervention due to
complications (P scores of 0.33 and 0.31, respectively) (Table
9s, Table 10s, Table11s).

Secondary outcomes
Clinical success rate

Compared with endoscopic stenting, PGJ had a higher probabil-
ity of clinical success (RR 1.22; 95%CI 1.07 to 1.40), but EUS-GE
(RR 1.11; 95%CI 0.98 to 1.27) and gastrojejunostomy (RR 1.00;
95%CI 0.94 to 1.06) had similar probabilities, with low or very
low certainty (Table 18s, Fig. 3s). PGJ was the treatment with
the highest probability of success (P score of 0.95), EUS-GE
was the treatment with the second-highest probability of suc-
cess (P score of 0.69), and endoscopic stenting and gastrojeju-
nostomy were the approaches with the lowest probabilities of
success (P scores of 0.20 and 0.17, respectively). The heteroge-
neity in this network (τ2 = 0.01; I2 = 69%) was high (▶Table 1).
Significant inconsistency with the design-by-treatment interac-
tion model was observed (0.029), mainly due to the gastrojeju-
nostomy vs. PGJ and PGJ vs. endoscopic stenting comparisons
(Table 5s). We detected no substantial publication bias in this
network (Fig. 4s). The results from standard pairwise meta-
analyses were not considerably different from those of the
NMA (Table6s, Fig. 5s).

Subgroup analysis was performed to investigate potential
effect modifiers (publication year, median age, type of cancer,
and single-center or multicenter study) that might account for
the high heterogeneity. In most studies with a median age of
<68 years or ≥68 years, the effect estimates were inconsistent;
however, PGJ was always the optimal approach. The results of
the subgroup analyses for other potential effect modifiers
(publication after 2013, type of cancer, and single-center de-
sign) were comparable to those of the principal network analy-
sis (Table12s). Sensitivity analysis of gastrojejunostomy vs. PGJ
and PGJ vs. endoscopic stenting comparisons revealed a possi-
ble cause of inconsistency. Although the exclusion of several
studies reduced the inconsistency, the treatment effects and

Endoscopic 
stenting

Gastrojeju-
nostomy

EUS-GE

PGJ

▶ Fig. 3 CINeMA network geometry for the primary outcome (re-
intervention rate). There were a total of 24 studies (3 RCTs, 21 non-
RCTs) including 2681 patients with data for this outcome. The
number of studies for each comparison was as follows: EUS-GE vs.
gastrojejunostomy vs. endoscopic stenting (n =1); gastrojejunost-
omy vs. PGJ vs. endoscopic stenting (n =1); EUS-GE vs. endoscopic
stenting (n =1); EUS-GE vs. gastrojejunostomy (n =2); PGJ vs.
endoscopic stenting (n =1); gastrojejunostomy vs. PGJ (n =2); gas-
trojejunostomy vs. endoscopic stenting (n =16). EUS-GE, endo-
scopic ultrasound-guided gastroenterostomy; PGJ, stomach-parti-
tioning gastrojejunostomy. Node size = sample size; node color =
risk of bias; edge size =number of studies; edge color =major
indirectness; red =high; yellow =moderate; green = low.

 Comparison: other vs. “ES”
Treatment (Random ffeects model) RR 95%CI

PGJ  0.1417 [0.0298 to 0.6738]
EUS-GE  0.2673 [0.1070 to 0.6677]
Gastrojejunostomy 0.5135 [0.3768 to 0.6998]
Endoscopic stenting  1.0000

0.1 0.5 1 10
Favors other Favors ES

Reintervention rate

2

▶ Fig. 4 Forest plot of network meta-analysis for reintervention
rate. EUS-GE, endoscopic ultrasound-guided gastroenterostomy;
PGJ, stomach-partitioning gastrojejunostomy.
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rankings mostly agreed with those of the main network analysis
(Table 14s).

Complication rate

Compared with the risk of complications with endoscopic
stenting, the risk was lower with EUS-GE (RR 0.58; 95%CI 0.34
to 0.98) and similar for PGJ (RR 1.43; 95%CI 0.74 to 2.76). The
risk of complications with gastrojejunostomy was higher than

▶ Table 1 Treatments for malignant gastric outlet obstruction ranked by P score for each outcome of interest.

Rank by P score

Outcome

Optimal treatment1
1 2 3 4

Reintervention rate

▪ PGJ PGJ (0.90) – 0.33 (0.05 to 2.09) 0.11 (0.01 to 0.87)

▪ EUS-GE 0.53 (0.09 to 3.18) EUS-GE (0.72) 0.59 (0.19 to 1.80) 0.21 (0.06 to 0.74)

▪ Gastrojejunostomy 0.28 (0.06 to 1.31) 0.52 (0.21 to 1.29) Gastrojejunostomy (0.38) 0.52 (0.38 to 0.72)

▪ Endoscopic stenting 0.14 (0.03 to 0.67) 0.27 (0.11 to 0.67) 0.51 (0.38 to 0.70) Endoscopic stenting (0.00)

Heterogeneity: τ2 = 0.17; Ι2 = 39.3%

Clinical success rate

▪ PGJ PGJ (0.95) – 1.06 (0.90 to 1.27) 1.49 (1.21 to 1.82)

▪ EUS-GE 1.10 (0.92 to 1.32) EUS-GE (0.69) 1.23 (1.04 to 1.45) 0.99 (0.84 to 1.18)

▪ Endoscopic stenting 1.22 (1.07 to 1.40) 1.11 (0.98 to 1.27) Endoscopic stenting (0.20) 1.00 (0.94 to 1.06)

▪ Gastrojejunostomy 1.23 (1.07 to 1.41) 1.12 (0.98 to 1.27) 1.00 (0.95 to 1.06) Gastrojejunostomy (0.17)

Heterogeneity: τ2 = 0.01; Ι2 = 69%

Complication rate

▪ EUS-GE EUS-GE (0.99) 0.63 (0.32 to 1.22) – 0.43 (0.21 to 0.90)

▪ Endoscopic stenting 0.58 (0.34 to 0.98) Endoscopic stenting (0.62) 0.77 (0.29 to 2.01) 0.69 (0.54 to 0.89)

▪ PGJ 0.40 (0.18 to 0.93) 0.70 (0.36 to 1.36) PGJ (0.23) 0.87 (0.42 to 1.83)

▪ Gastrojejunostomy 0.40 (0.23 to 0.68) 0.69 (0.54 to 0.88) 0.98 (0.51 to 1.87) Gastrojejunostomy (0.16)

Heterogeneity: τ2 = 0.15; Ι2 = 39.7%

30-day mortality rate

▪ EUS-GE EUS-GE (0.82) – 0.25 (0.03 to 2.06) 0.52 (0.06 to 4.27)

▪ PGJ 0.82 (0.13 to 5.23) PGJ (0.79) 0.28 (0.08 to 0.96) 0.54 (0.15 to 1.93)

▪ Endoscopic stenting 0.29 (0.06 to 1.46) 0.36 (0.14 to 0.92) Endoscopic stenting (0.21) 0.97 (0.71 to 1.33)

▪ Gastrojejunostomy 0.29 (0.06 to 1.44) 0.35 (0.14 to 0.90) 0.98 (0.72 to 1.34) Gastrojejunostomy (0.18)

Heterogeneity: τ2 = 0.13; Ι2 = 30%

Length of hospital stay

▪ Endoscopic stenting Endoscopic stenting (0.92) −0.72 (−4.47 to 3.02) −7.14 (−8.69 to −5.59) –

▪ EUS-GE −0.99 (−3.94 to 1.96) EUS-GE (0.75) −5.15 (−9.00 to −1.30) –

▪ Gastrojejunostomy −7.17 (−8.68 to −5.66) −6.18 (−9.14 to −3.22) Gastrojejunostomy (0.28) −2.20 (−6.57 to 2.17)

▪ PGJ −9.37 (−13.99 to −4.75) −8.38 (−13.65 to −3.10) −2.20 (−6.57 to 2.17) PGJ (0.05)

Heterogeneity: τ2 = 8.34; Ι2 = 79.2%

Data are relative risk values (reintervention, clinical success, complications, 30-day mortality) or mean difference values (length of hospital stay) with 95%CIs. Esti-
mates in bold indicate statistical significance at P < 0.05.
EUS-GE, endoscopic ultrasound-guided gastroenterostomy; PGJ, stomach-partitioning gastrojejunostomy.
1Order of each league table by ranking of P scores (in parentheses).
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that with endoscopic stenting (RR 1.45; 95%CI 1.14 to 1.85),
with very low certainty (▶Table 1, Table 19s, Fig. 3s). EUS-GE
was the treatment with the highest probability of being the
safest (P score of 0.99), followed by endoscopic stenting (P
score of 0.62). PGJ and gastrojejunostomy had the lowest prob-
abilities of being the safest treatment (P scores of 0.23 and
0.16, respectively). The heterogeneity for this outcome (τ2 =
0.15; I2 = 39.7%) was moderate (▶Table1). We detected no evi-
dence of inconsistency between direct and indirect compari-
sons of complication rates (Table 5s). However, significant pub-
lication bias was found (Fig. 4s). The results of pairwise com-
parisons agreed entirely with the network outcomes (Table6s,
Fig. 5s). Sensitivity analysis revealed greater publication bias
relating to the gastrojejunostomy vs. endoscopic stenting com-
parison (Table15s). Therefore, we downgraded the certainty of
the gastrojejunostomy vs. endoscopic stenting comparisons on
the basis of reporting bias (Table 15s).

30-day mortality

Compared with the risk of 30-day mortality with endoscopic
stenting, the risk was lower with PGJ (RR 0.36; 95%CI 0.14 to
0.92) and similar for EUS-GE (RR 0.29; 95%CI 0.06 to 1.46) and
gastrojejunostomy (RR 1.02; 95%CI 0.75 to 1.39), with very low
certainty (▶Table1, Table20s, Fig. 3s). EUS-GE and PGJ had
similar probabilities of being the safest treatment (P scores of
0.82 and 0.79, respectively), and endoscopic stenting and gas-
trojejunostomy had the lowest probabilities of being the safest
(P scores of 0.21 and 0.18, respectively). The heterogeneity (τ2

= 0.13; I2 =30%) for this outcome was moderate (▶Table1). We
observed no evidence of inconsistency between direct and in-
direct comparisons, and no publication bias relating to this net-
work outcome (Table 5s, Fig. 4s). The results of pairwise com-
parisons were mainly in agreement with the network outcomes
(Table 6 s, Fig. 5s).

LOS

Compared with the LOS with endoscopic stenting, LOS with
EUS-GE was similar (mean difference 0.99; 95%CI −1.96 to
3.94 days), whereas those with gastrojejunostomy (mean dif-
ference 7.17; 95%CI 5.66 to 8.68) and PGJ (mean difference
9.37; 95%CI 4.75 to 14.00) were longer, with very low certainty
(Table 21s, Table22s, Fig. 3s). Endoscopic stenting had the
highest probability of preventing a long LOS (P score of 0.92),
followed by EUS-GE, gastrojejunostomy, and PGJ (P scores of
0.75, 0.28, and 0.05, respectively). The heterogeneity (τ2 =
8.34; I2 = 79.2%) for this outcome was substantial (▶Table 1).
The evidence from direct and indirect comparisons was consis-
tent for this network outcome (Table5s). No substantial publi-
cation bias was detected in this network (Fig. 4s). The results of
standard pairwise meta-analyses were in agreement with those
of the NMA (Table6s, Fig. 5s). Subgroup analysis was conduct-
ed to investigate potential effect modifiers to account for the
substantial heterogeneity. In studies with a median age of <68
years and those conducted in a single center, EUS-GE and endo-
scopic stenting had high P scores (>0.7). The results of sub-
group analyses of other potential effect modifiers (median age

≥68 years, publication after 2012, and type of cancer) were
comparable to those of the principal analysis (Table13s).

Combined safety and efficacy: cluster rankings
of probability of optimal treatment

The P scores for the combination of safety (30-day mortality
rate, complication rate) and efficacy (reintervention rate) are
presented in ▶Fig. 5 and Fig. 6s. In ▶Fig. 5, PGJ and EUS-GE
had the highest probabilities of being the optimal approach in
terms of combined safety and efficacy. The poorest choice for
combined safety and efficacy was endoscopic stenting. A high
cophenetic correlation coefficient (c=0.94) indicated confi-
dence in the distances between clusters. Moreover, PGJ and
EUS-GE are in the same cluster (red), and gastrojejunostomy
(purple) and endoscopic stenting (blue) are dispersed through-
out the lower left corner. With the complication rate used as the
indicator of safety, the sparse plot was unsuitable for clustering,
as indicated by the cophenetic correlation coefficient (c=0.63;
Fig. 6s).

Risk of bias, publication bias, contribution
of evidence and certainty of evidence

The results indicating the risk of bias within individual studies,
within studies for each comparison, risk of publication bias,
contribution of evidence, and certainty of evidence according
to the CINeMA approach are provided in Table 16s–29s and
Fig. 4s.
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Discussion
Our systematic review and NMA comprehensively compared
the results of treating GOO with gastrojejunostomy, PGJ, endo-
scopic stenting, and EUS-GE. PGJ and EUS-GE were more advan-
tageous than gastrojejunostomy and endoscopic stenting in
terms of combined safety and efficacy. When EUS-GE cannot
be used because of technical limitations, PGJ is recommended,
especially in hospitals that lack an advanced endoscopy team.

The difficulty in patient recruitment made it challenging to
compare the four strategies and determine the optimal pallia-
tive treatment for GOO. Only three published RCTs compared
gastrojejunostomy and endoscopic stenting, and only one RCT
compared PGJ and endoscopic stenting [4, 5, 20, 21]. Our gas-
trointestinal surgical teams advocated that clinicians should
consider PGJ as a different type of treatment versus gastrojeju-
nostomy. Two systematic reviews made the common gastroje-
junostomy and endoscopic stenting comparisons; the two that
studied PGJ compared it with only gastrojejunostomy [7, 8, 22,
23]. One systematic review used three arms, EUS-GE, gastroje-
junostomy, and endoscopic stenting, but provided no results
regarding PGJ [24]. Moreover, to our knowledge, no RCT or
non-RCT has compared EUS-GE with PGJ, and no study has in-
cluded four treatments. Thus, we employed a network strategy
to overcome the limitations of conventional meta-analyses in
comparing multiple treatments. We hope our findings help
clinicians and patients to optimize treatment selection.

We determined the sequence of treatments from conven-
ient and simple to complex and challenging to be endoscopic
stenting, gastrojejunostomy, PGJ, and EUS-GE. Some advanta-
ges (resumption of regular oral intake sooner and shorter LOS,
including same-day discharge) make endoscopic stenting the
most convenient and preferable strategy [8]. However, in addi-
tion to stent migration, tumor ingrowth and outgrowth may
lead to stent blockage and require reintervention, which could
increase LOS and adversely affect quality of life [25, 26]. The
conventional treatment, gastrojejunostomy, remains indicated
for palliation in GOO because it can be performed in hospitals
without advanced endoscopy teams [23]. The primary concern
regarding gastrojejunostomy is that it often results in delayed
gastric emptying and a longer duration until the patient can re-
sume regular food intake, which can result in prolonged recov-
ery, poor nutrition, and a potential delay in chemotherapy [8,
23]. The stomach partitioning in PGJ creates the anastomosis
far from the tumor site, enabling oral food intake [7, 27]. The
remaining 2–3-cm tunnel in the lesser curvature facilitates fur-
ther endoscopy for re-evaluation or reintervention [27]. In the
case of a successful anticancer treatment response, subsequent
tumor resection can be shortened due to simple proximal mar-
gin resection at the remaining tunnel. Although PGJ is feasible,
it remains rarely performed because of a lack of supporting evi-
dence from prospective studies and RCTs [7]. EUS-GE is a pro-
mising approach with a high clinical success rate and low rein-
tervention rate [24]. This technique is technically challenging
due to jejunal motility during movement of the echoendo-
scope, which can result in misdeployment of the lumen-appos-
ing metal stent, intestinal leakage, or perforation; the proce-

dure requires expert hands and training in advanced endoscopy
[28]. Our findings suggest that PGJ and EUS-GE have higher
probabilities of being simultaneously safe and effective than
do gastrojejunostomy and endoscopic stenting, possibly be-
cause the anastomoses in PGJ and EUS-GE are far from the ob-
struction site, resulting in the maintenance of the gastrointes-
tinal tract and maximal patency. However, EUS-GE remains lim-
ited by its requirement for advanced endoscopic equipment
and well-trained experts. Therefore, PGJ should be the alterna-
tive choice to EUS-GE in hospitals that lack an advanced endos-
copy team; in addition, PGJ could be the first rescue option in
cases of treatment failure following EUS-GE or endoscopic
stenting.

The National Comprehensive Cancer Network (NCCN), Euro-
pean Society for Medical Oncology (ESMO), the National Insti-
tute for Health and Care Excellence (NICE), Japanese, and Kor-
ean treatment guidelines for pancreatic and gastric cancer are
inconsistent regarding malignant GOO. Three sets of guidelines
for treating pancreatic cancer (NCCN, NICE) and gastric cancer
(NCCN) advocate for gastrojejunostomy over endoscopic stent-
ing for patients who are fit for surgery and have an overall sur-
vival expectation of more than 3 months [29, 30, 31]. However,
the ESMO and Korean guidelines for pancreatic cancer favor
endoscopic stenting over gastrojejunostomy because endo-
scopic stenting has a lower complication rate and results in
shorter hospitalization than gastrojejunostomy [32, 33]. Only
the Japanese Gastric Cancer Association proposes palliative
gastrectomy in certain conditions and indicates no preference
for gastrojejunostomy [34]. The other guidelines suggest ap-
plying a multidisciplinary approach to help patients decide on
treatment [29, 30, 35, 36]. The results of this review indicate
that PGJ and EUS-GE should be considered for recommendation
in such guidelines. In addition to ongoing RCTs comparing gas-
trojejunostomy vs. PGJ and EUS-GE vs. endoscopic stenting,
RCTs or other well-designed studies comparing EUS-GE vs. PGJ
(with an open or laparoscopic approach) and focusing on long-
term outcomes are necessary.

Our study has several limitations. The inclusion of non-RCTs
introduced the possibility of bias due to unmeasured confound-
ing, and increased the overall uncertainty. The recent introduc-
tion of EUS-GE and the unpopularity of PGJ resulted in limited
evidence for synthesis; in particular, we had no RCT results for
EUS-GE. We excluded unbalanced baseline cohort studies to re-
duce the bias from confounding and the selection process. Pub-
lication year also affected overall certainty because the avail-
able technology and techniques change over time. The results
of our subgroup analysis of studies published after the median
publication year largely agree with those of our main analysis.
Subgroup analysis still showed high or substantial heterogene-
ity in included studies in secondary outcomes, and therefore
further well-designed studies that could address this problem
are warranted. Owing to the lack of available data, we did not
perform anastomosis or stent patency, cost comparison, and
subgroup analysis based on technical issue within each inter-
vention (laparoscopic and open gastrojejunostomy or PGJ,
anastomosis type, stent type, endoscopic approach for EUS-
GE). The clinical definitions and grading systems for complica-
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tion severity are inconsistent between surgery and endoscopy.
We combined data from both endoscopic and surgical proce-
dures for investigation and encourage further cooperation
among gastroenterological groups.

In conclusion, the results of this NMA suggest that PGJ and
EUS-GE should be indicated for malignant GOO to optimize ef-
ficacy and safety. PGJ could be the alternative choice in centers
with limited resources or in patients who are unsuitable for
EUS-GE. Additional studies should directly compare EUS-GE
and PGJ, and the effects of open and laparoscopic approaches.
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