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With the increasing use of neoadjuvant therapy (NAT) in patients with pancreatic cancer
to reduce tumor burden on prognosis, preoperative biliary drainage (PBD) is becoming
increasingly necessary. The aim of this study was to summarize the latest evidence
and compare the clinical efficacy of metal stents (MS) and plastic stents (PS) in
patients undergoing neoadjuvant therapy for operable pancreatic cancer. Eligible
studies were searched in PubMed, Embase and Cochrane Library from their inception
to September 2021. In this study, RevMan 5.4 was used to perform the analyses.
Two randomized controlled trials (RCTs) and six retrospective studies with 316
patients were included. All patients had pancreatic cancer and received NAT before
surgical resection. Meta-analysis showed that the rate of endoscopic reintervention in
MS (26/143, 18%) group was lower than that of PS (122/153, 80%) group (P <0.05).
The rate of stent-related complications in MS group was lower (18/118, 15%) than that
of PS (62/117, 44%) group (P=0.02). But there were no significant differences in
operative time, operative blood loss, overall postoperative complications, postoperative
hospitalization days and total medical costs between the two groups. For operable
pancreatic cancer patients undergoing NAT surgery, MS was preferred over PS in
terms of the incidence of endoscopic reintervention and stent-related complications.
More clinical trials are needed in the future to confirm these data with higher levels of
evidence.

Keywords: malignant biliary obstruction, pancreatic cancer, preoperative biliary drainage, metal stent, plastic
stent, neoadjuvant therapy
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INTRODUCTION

Although diagnosis and treatment of pancreatic cancer have
improved, the prognosis remains poor (1). Curative resection
is the optical treatment strategy for these patients (2, 3). In
recent years, the application of NAT in resectable pancreatic
cancer has attracted much attention, focusing on improving
prognosis (4-6). NAT refers to neoadjuvant chemotherapy or
neoadjuvant chemoradiotherapy for patients with pancreatic
cancer before pancreaticoduodenectomy, with the purpose of
reducing tumor volume and improving surgical treatment
effect. The treatment time from NAT initiation to surgical
excision is 2-6 months (7, 8). During this period, PBD can be
used to treat malignant biliary obstruction caused by
pancreatic cancer. Some studies suggest that PBD should not
be routinely used compared to earlier surgery (9, 10).
However, reducing serum total bilirubin levels to relieve
biliary obstruction during NAT was critical for patient safety (1).

Endoscopic stents are commonly used in the treatment of
PBD, and there are two stent types: the metal and plastic
stents (11). Studies have shown that MS is the standard stent
for patients with unresectable pancreatic cancer because it has
a longer patency period and fewer complications than PS (12).
However, there is no standard opinion regarding stents used
in PBD for patients with operable pancreatic cancer
undergoing NAT.

Although there have been many studies comparing the use of
plastic and metal stents in patients with pancreatic cancer
(1, 13-19), there has been no meta-analysis to evaluate patients
expected to undergo surgical removal after NAT. The purpose
of this systematic review and meta-analysis was to compare the
rate of endoscopic reintervention, stent-related complications,
postoperative surgical complications, postoperative hospital stay,
and total medical costs of metal versus plastic stents for PBD in
patients with operable pancreatic cancer undergoing NAT therapy.

METHODS

The present study was carried out according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (20).

Literature Search

The comprehensive electronic search was conducted in the
PubMed, Embase and Cochrane Library from their inception
to September 2021. Fully covered self-expandable metal stent
(FCSEMS) and uncovered metal stents were considered. The
following search strategy was used in PubMed: ((plastic stent
[Title/Abstract]) AND ((((Self Expandable Metallic Stent[Title/
Abstract]) OR (Self Expandable Metal Stent[Title/Abstract]))
OR (Self Expandable Metal Stents[Title/Abstract])) OR
(metal stent[Title/Abstract]))) AND((((((((((((((((((Neoplasm,
Pancreatic[Title/Abstract]) OR (Pancreatic Neoplasm[Title/
Abstract])) OR (Pancreas Neoplasms|[Title/Abstract])) OR
(Neoplasm,  Pancreas[Title/Abstract])) OR  (Neoplasms,
Pancreas[Title/Abstract])) OR (Pancreas Neoplasm[Title/
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Abstract])) OR (Neoplasms, Pancreatic[Title/Abstract])) OR
(Cancer of Pancreas[Title/Abstract])) OR (Pancreas Cancers
[Title/Abstract])) OR (Pancreas Cancer[Title/Abstract])) OR
(Cancer, Pancreas[Title/Abstract])) OR (Cancers, Pancreas
[Title/Abstract])) OR (Pancreatic Cancer[Title/Abstract])) OR
(Cancer, Pancreatic[Title/Abstract])) OR (Cancers, Pancreatic
[Title/Abstract])) OR (Pancreatic Cancers[Title/Abstract])) OR
(Cancer of the Pancreas|[Title/Abstract])) OR (Pancreas
Neoplasms[MeSH Terms])). Similar processes have been
performed in the Cochrane Library and Embase databases to
expand data retrieval. The data were extracted by investigators
and any discrepancies were resolved by re-evaluating the data.

Inclusion and Exclusion Criteria

The inclusion criteria were: (1) studies should focus on metal
versus plastic stents for PBD in patients with resectable and
borderline resectable pancreatic cancer; (2) patients receiving
neoadjuvant therapy before surgical resection; (3) the study
showed at least stent-related and postoperative adverse events.
The exclusion criteria were: (1) patients with unresectable
pancreatic cancer; (2) the article was review, protocol and case
report; (3) studies with incomplete information. In this study,
stent-related complications included hemorrhage after PBD,
acute pancreatitis, acute cholecystitis, cholangitis and perforation;
postoperative complications included hemorrhage after surgery,
pancreaticojejunostomy leakage, biliary leakage, acute hepatic
failure, delayed gastric emptying, acute renal failure, wound
infection, portal vein thrombosis and pneumonia.

Study Quality and Risk of Bias Assessment
The quality of enrolled cohort studies was assessed by a quality
checklist recommended by the Cochrane Handbook (21). Two
investigators conducted independent quality assessment and
reached a consensus after discussion.

Statistical Analysis

RevMan software version 5.4 (The Nordic Cochrane Center,
Cochrane Collaboration, Copenhagen, Denmark) was used in
the meta-analysis. For dichotomous variables, the odds ratio
(OR) with 95% confidence interval (CI) was calculated to
compare the incidence of stent-related complications, rate of
endoscopic  reintervention and  postoperative  surgical
complications between the metal and plastic stents groups. For
quantitative analysis of continuous variables, the weighted
mean differences (WMD) with 95% confidence interval (CI)
were used to compared the postoperative hospital stay and
total medical costs between the two groups. If the reported
data was median (range), we recalculated the estimated sample
mean and standard deviation (SD) based on the trial data
according to the reported calculation method (22, 23).
Heterogeneity was qualitatively evaluated using a y°-based Q
test (chi-square test). The level of heterogeneity was evaluated
by T° statistics. If 1°<50%, it was considered to be low
heterogeneity and a fixed effects model was applied. If I*>
50%, it represented high heterogeneity and a random effects
model was applied. P value <0.05 was considered statistically
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significant. U.S. dollars were used as the unit of the cost, and the
exchange rate was 1 JPY =0.008824 USD in this study.

RESULTS

Search Results and Study Characteristics
Study selection process was shown in Figure 1. A total of 152
articles were retrieved by searching electronic databases. After
18 duplicates were excluded, 134 articles remained. Then, the
titles and abstracts were screened for relevance and evaluated
for eligibility, and 111 articles were excluded, leaving 23 articles.
The full text of the literatures was obtained. After screening
relevant data in the 23 articles, 15 irrelevant articles were
excluded, and finally 8 articles were included in our research.
Two of the eight studies (13, 18) were randomized controlled
trials and six (1, 14-17, 19) were retrospective cohort trials
including 316 patients in total (Tables 1 and 2). Of the 316
patients, 152 patients (48%) were treated with metal stents

and 164 patients (52%) were treated with plastic stents. These
were no differences in age, gender and tumor size. There is a
certain heterogeneity in the types of metal stents in different
studies. Some continuous variables (preoperative period,
operative time, operative blood loss, hospital stay and total
medical cost) were provided with median (range), so we need
to recalculated the original data into mean and SD according
to the method mentioned above. The quality of enrolled
studies was assessed by a quality checklist (Figure 2) and each
study had a moderate or high quality.

Endoscopic Reintervention
Seven studies (1, 13-16, 18, 19) including 143 cases in metal
stents group and 153 cases in plastic group, provided the data

about the endoscopic reintervention during PBD.
Reintervention ~was performed when the stent was
malfunctioning (worsening jaundice, cholangitis or liver

function tests) due to stent migration or stent occlusion

EMBASE (n = 85)
PubMed (n = 46)

.The Cochrane Library (n = 21)

Records identified through database searching (n = 152)

Records after duplicates removed (n = 134) ’_,{ Duplicates (n = 18)

Potentially relevant
records (n = 23)

Full-text articles assessed
for eligibility (n = 8)

*| .Study protacol (n = 1)

Records excluded after screening for
relevance in the titles and abstracts
(n=111)

Articles exclruded (n = 15)
Full text unavailable (n = 5)
Without neoadjuvant therapy (n =6
.Outcome unavailable (n = 2)

With unresectale cancer (n = 1)

(meta-analysis) (n = 8)

Studies included in quantitative synthesis

FIGURE 1 | Flow diagram of the process of including and excluding studies for this meta-analysis.
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TABLE 1 | Characteristics of the eight studies included in the systematic review and meta-analysis.

First author year Period Country  Study design sample size
Tamura 2021 2017-2020 Japan RCT 22
Hasegawa 2021 2013-2019 Japan Retrospective 67
Kobayashi 2021 2009-2018 Japan Retrospective 43
Kuwatani 2020 2013-2016 Japan Retrospective 28
Nakamura 2019 2008-2017 Japan Retrospective 43
Gardner 2016 2010-2013 Lebanon RCT 54
Tsuboi 2016 2010-2014 Japan Retrospective 20
Kubota 2014 2009-2012 Japan Retrospective 38

Stent  No. of patients Male/female  Age(years) Tumor size, mm
metal 11 7/4 66.6 +9.0 246+6.4
plastic 11 5/6 67.4+8.0 27.8+9.0
metal 27 9/18 68 (43-89) 21 (10-50)
plastic 40 22/18 67 (46-79) 25 (10-40)
metal 21 11/10 74 (56-83) 20 (13-32)
plastic 22 12/10 69.5 (43-85) 23 (12-35)
metal 17 8/9 66 (50-83) 1 (14-40)
plastic 12 5/7 68 (53-80) 19 (11-28)
metal 17 12/5 70 (52-76)

plastic 26 12/14 61 (36-76)

metal 33 20/13 65.9 33.7
plastic 21 11/10 65.9 34.2
metal 9 7/2 63 25.5
plastic 11 5/6 65 27
metal 17 13/4 65.9 (55-76) 35 (20-53)
plastic 21 13/8 65.6 (48-79) 35 (18-45)

RCT, randomized controlled trial; No., number.

(13, 19, 24). Because I* > 50%, we used a random effects model
to analyze the data. The rate of reintervention in metal stents
group (26/143, 18%) was significantly lower than that in
plastic stents group (122/153, 80%) (OR=0.04, 95% Cl=
0.01-0.18, P <0.0001) (Table 2 and Figure 3A).

Overall Stent-Related Preoperative
Complications

Six studies (13-18) containing 118 cases in metal stents group
and 117 cases in plastic group, provided stent-related
preoperative complications. 1>=72%, P=0.003, a random
effects model was used to pool the OR, and the rate of stent-
related preoperative complications in metal stents group (18/
118, 15%) was statistically lower than that in plastic stents
group (52/117, 44%) (OR=0.17, 95% CI =0.04-0.78, P =0.02)
(Table 2 and Figure 3B).

Overall Postoperative Complications

Seven studies (1, 13-17, 19) including 119 cases in metal stents
group and 143 cases in plastic group, provided postoperative
complications. I> = 0%, P=0.58, a fixed effects model was used
to pool the OR, and the rate of overall postoperative
complications in metal stents group was lower (33/119, 28%)
than that in plastic stents group (47/143, 33%), but the
difference was not statistically significant (OR =0.71, 95% CI
=0.40-1.25, P=0.24) (Table 2 and Figure 3C).

Operative Time

Six studies (1, 13, 15-17, 19) including 98 cases in metal stents
group and 121 cases in plastic group, provided the data about
this outcome. 1 = 84%, P <0.001, a random effects model was
used to pool the mean difference (MD), and the results
showed no significant difference between the two groups.
(MD =15.23, 95% CI=-47.23-77.82, P=0.63) (Table 2 and
Figure 4A).

Frontiers in Surgery | www.frontiersin.org

Operative Blood Loss

Six studies (1, 13, 15-17, 19) including 98 cases in metal stents
group and 121 cases in plastic group, provided this outcome. I?
=52%, P=0.07, a random effects model was used to pool the
mean difference (MD), and the results were not statistically
significant. (MD =—39.22, 95% CI=—-197.48-119.04, P=0.63)
(Table 2 and Figure 4B).

Postoperative Hospitalization Days

Five studies (1, 13, 14, 17, 19) including 75 cases in metal stents
group and 91 cases in plastic group, provided this outcome. I =
62%, P=0.03, a random effects model was used to pool the
mean difference (MD), and the results were not statistically
significant in postoperative hospitalization days. (MD = —5.00,
95% CI=-10.81-0.81, P=0.09) (Table 2 and Figure 4C).

Total Medical Cost

Five studies provided the data concerning this outcome, but only
three studies (13, 17, 19) were included in the analysis because
two studies missed standard deviation data. Overall, 37 cases
in metal stents group and 43 cases in plastic group were
included. I” = 14%, P=0.31, a fixed effects model was used to
pool the mean difference (MD), and the results were not
statistically significant (MD =168.74, 95% CI=-2387.62-
2725.11, P=0.90) (Table 2 and Figure 4D).

Sensitivity Analysis

We conducted a sensitivity analysis by omitting one study at a
time to assess whether the results may be significantly affected
by a single study. Sensitivity analysis showed that the results
in the meta-analysis were relatively stable except for
postoperative hospitalization days. When omitted Tamura’s
trial, the 1°=52% and the result was statistically significant.
The postoperative hospitalization days was significantly
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Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
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Other hias

Random sequence generation (selection hias)
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EI Unclear risk of bias

- High risk of bias

FIGURE 2 | Risk bias diagram of the included studies (A) Risk of bias summary; (B) Risk of bias graph.

shorter in MS (MD = —7.86, 95% CI = —14.9- (—0.82), P=0.03)
(Table 2 and Figure 5).

DISCUSSION

This is the first systematic review and meta-analysis comparing
metal versus plastic stents for preoperative biliary drainage in
operable pancreatic cancer patients undergoing neoadjuvant
therapy. In our study, we found that the MS group had a
lower rate of endoscopic reintervention than the PS group
(18% versus 80%, P <0.05). We also found that there was a
statistical difference between the two groups in the rate of
stent-related complications (15% versus 44%, P =0.02).
Furthermore, we found that the cost of the stent in MS group
was higher than that in PS group, but there was no significant
difference in the total medical costs between the two groups.

In the past, resectable periampullary malignancy were almost
always performed with plastic stents for PBD. The main reasons
included the high cost of MS and the belief that MS may affect
subsequent pancreaticoduodenectomy (25). But in this meta-
analysis, it’s not exactly like this. There was no significant
difference in PBD in patients with operable pancreatic cancer
who received neoadjuvant therapy in terms of surgical
outcome. However, the rate of endoscopic reintervention and
stent-related complications was lower in MS group than that
in PS group. These results were affected by different lumen
calibers of MS and PS (12). The diameter of MS was usually
larger than PS, so MS could achieve the goal of prolonging
the patency of the stent, while PS was more likely to cause
occlusion (26, 27). There was no significant difference between
the two groups in operation-related indicators (operative time
and operative blood loss) and postoperative complications.
The main reason is that the clinical experience of surgeon and
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A metal plastic Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Gardner 2016 10 33 11 21 17.6% 0.40[0.13,1.23) —
Hasegawa 2021 4 27 39 40 131% 0.00[0.00,0.04) ¥——
Kohayashi 2021 1 21 21 22 109% 0.00([0.00,0.04) ¥
Kuhota 2014 4 17 18 21 15.6% 0.05[001,027)
Kuwatani 2020 1 17 10 12 12.0% 0.01[0.00,0.16) ¢
Nakamura 2019 4 17 15 26 16.8% 0.23[0.06, 0.88) — =
Tamura 2021 2 11 8 11 14.0% 0.08 [0.01, 0.63]
Total (95% CI) 143 153 100.0% 0.04 [0.01,0.18] R ioaal
Total events 26 122
T -~k T R BT
e : Favours [metal] Favours [plastic]
B metal plastic Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Gardner 2016 10 33 11 21 22.2% 0.40[0.13,1.23) —
Hasegawa 2021 3 27 5 40 20.2% 0.88[0.19,4.01) —
Kohayashi 2021 2 21 21 22 15.3% 0.01[0.00,0.08) ¥—
Kuwatani 2020 1 17 0 12 11.8% 2.27 [0.09, 60.64)
Tamura 2021 2 11 7 11 17.9% 0.13[0.02, 0.90]
Tsuboi 2016 0 9 8 11 125% 0.02[0.00,048
Total (95% Cl) 118 117 100.0% 0.17 [0.04, 0.78] B IR e
Total events 18 52
T R I TN
T - Favours [metal] Favours [plastic]
c metal plastic Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hasegawa 2021 5 27 8 40 18.3% 0.91 [0.26, 3.15) N
Kobayashi 2021 6 21 14 22 341% 0.23[0.08, 0.83) —
Kubota 2014 1 17 1 21 2.9% 1.25[0.07, 21.58]
Kuwatani 2020 8 17 6 12 13.0% 0.89 [0.20, 3.90) -
Nakamura 2019 8 17 13 26 19.0% 0.89[0.26, 3.02) B
Tamura 2021 2 11 3 11 8.6% 0.59 [0.08, 4.50)
Tsuboi 2016 3 9 2 11 42% 2.25[0.29,17.76)
Total (95% Cl) 119 143 100.0%  0.71[0.40, 1.25] -
Total events 33 47
Heterogeneity: Chi*= 4.74, df= 6 (P = 0.58); F= 0% b t t {
s S = 0.01 0.1 1 10 100
Test for overall effect. Z=1.19 (P = 0.24) Favours [metal] Favours [plastic]
FIGURE 3 | Forest plot of (A) Rate of endoscopic reintervention; (B) Rate of stent-related complications; (C) Rate of overall postoperative complications.

the complexity of the operation have a great influence on them,
while the type of stent may have little influence on them, which
requires more clinical data to support. In other words, different
types of stents mainly cause different clinical outcome in short-
term prognosis rather than long-term effects. In addition, the
medical cost is an important factor to consider when treating
patients, with a cost-benefit analysis showing that MS cost
more per patient than PS (mean costs, MS: $5041; PS: $4371)
in Table 2. However, the rate of endoscopic reintervention in
PS group was higher than that in MS group, which would
lead to increase PBD-related surgeries and thus increase the
additional cost burden for patients. More importantly,

endoscopic reintervention would increase the patient’s pain
and reduce the patient’s quality of life. Therefore, the
additional cost of MS was offset by its longer-lasting patency
compared with PS. Furthermore, studies have reported that
patients receiving NAT are more susceptible to neutropenia
caused by chemotherapy, and thus may be more susceptible to
infection (14). These patients undergoing NAT would have an
increased risk of cholestasis due to the shedding of cellular
material produced by chemotherapy, and due to immune
damage, bacterial colonization in the stent would also
increase, which would eventually lead to an increased risk of
stent obstruction and cholangitis (28). These reasons support
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metal plastic Mean Difference Mean Difference

Study or Subgroup Mean _SD_Total Mean SD Total Weight IV, Random, 95% Cl__Year IV, Random, 95% CI
Kubota 2014 708 171 17 809 292 21 9.9% -101.00[-250.01,48.01] 2014 ¢
Tsuboi 2016 420 129 9 453 77 11 147% -33.00(-128.78,62.78] 2016 ¢
Nakamura 2019 389 166 17 357 102 26 155% 32.00[-56.11,120.11] 2019 >
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FIGURE 4 | Forest plot of (A) Operative time; (B) Operative blood loss; (C) Postoperative hospitalization days; (D) Total medical cost.
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FIGURE 5 | Forest plot of sensitivity analysis of postoperative hospitalization days.
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the superiority of MS over PS in PBD in patients receiving
neoadjuvant therapy for operable pancreatic cancer. As for
sensitivity analysis, Tamura’s trial was omitted for analysis,
statistically different results were obtained, but Tamura’s trial
could not be omitted because it was an RCT, which had a
relatively high level of evidence. The main reason for the
sensitivity analysis results was that the results of Tamura’s
trial were inconsistent with other research’s results.

Two randomized controlled trials (RCTs) and six
retrospective studies were included in our meta-analysis,
which lacked data support from large multi-center clinical
trials. Presently, an ongoing study in Korea (NCT04911647) is
randomizing between plastic and metal stents in patients
receiving neoadjuvant chemotherapy for operable pancreatic
cancer. The results of this study are likely to increase the level
of evidence on this topic in the future. There were several
limitations in this meta-analysis. Firstly, 6 of 8 cohort trials
were retrospective design and the sample size was not large
enough. Secondly, the included literature lacks detailed data
on the types of metal stents, and it was impossible to conduct
sub-analysis of different metal stents (the covered and
uncovered stents). Thirdly, we estimated the mean and SD
based on the data reported as the median (range) for
continuous data (for example, operative time, operative blood
loss, postoperative hospitalization days and total medical
cost), this led to the inability to obtain more accurate data for
analysis.
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