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In patients with malignant biliary obstruction, endoscopic

placement of biliary stents offers similar technical success

rates but a lower risk of complications and a trend towards

decreased mortality when compared to surgical bypass and

percutaneous drainage [1, 2]. As a result, over the last three

decades, endoscopic retrograde cholangiography (ERC)-

guided stent placement has become the preferred approach

to palliate malignant biliary obstruction.

Until the 1990s, only plastic stents were available.

Plastic stents may occlude within 3–6 months, often

requiring repeated ERC procedures in order to exchange

the stents. The introduction of a stainless-steel uncovered

metal stent (Wallstent, Boston Scientific) heralded a major

advance in extending the duration of stent patency.

Although self-expandable metallic stents (SEMS) are more

expensive than plastic stents, they are cost-effective when

compared to plastic stents for patients expected to live

longer than 3 months due to the need for fewer subsequent

ERC procedures [1, 3–6]. Nonetheless, SEMS do eventu-

ally occlude in 19–40 % of patients [3–5]. The duration of

SEMS patency has remained largely unchanged in spite of

modifications in stent composition and the addition of a

plastic coating [7–9]. Thus, a clear need exists for tech-

nologic improvements that minimize stent occlusion.

The major mechanisms of SEMS occlusion are tumor

ingrowth, tumor overgrowth, and epithelial hyperplasia.

These mechanisms provide the rationale for developing a

stent that is coated with or locally elutes a chemothera-

peutic agent in order to improve stent patency. In vitro and

animal studies suggest that a paclitaxel-coated stent may be

safe and potentially efficacious when used for malignant

biliary obstruction. Kalinoswki et al. [10] demonstrated

that incubation with paclitaxel inhibited proliferation of

human gallbladder cells, human fibroblasts, and pancreatic

cells in a dose-dependent fashion. In a porcine model,

SEMS coated with a paclitaxel-incorporated membrane

were not associated with transmural necrosis or perforation

[11]. Paclitaxel-eluting stents also appear to be safe in a

canine model [12].

Limited data exist regarding outcomes of paclitaxel-

eluting stents for malignant biliary obstruction in humans.

In a pilot study of 21 humans with malignant biliary

obstruction, SEMS coated with a paclitaxel-incorporated

membrane remained patent for a mean of 429 days

(cumulative patency rate at 3, 6, and 12 months of 100, 71,

and 36 %, respectively) [13]. The pilot study suggests a

paclitaxel-coated SEMS may provide longer patency rates

than the 10–12 months provided by standard uncovered or

covered SEMS and informed the author’s decision to

proceed with a larger prospective study [1].

The current study by the same investigators is a pro-

spective comparison of standard covered SEMS to SEMS

covered by a paclitaxel-incorporated membrane [14]. Stents

were 5–8 cm in length and 10 mm in diameter in both

groups. The authors initially planned the study as a ran-

domized controlled trial, with a calculated sample size of 36

patients in each group for the primary outcome of stent

patency. Due to strong patient preference for the paclitaxel-

incorporated stent, the study design was modified to first

consecutively enroll 60 patients to the paclitaxel-coated

stent arm and then enroll 46 patients to the covered SEMS

group. Mean duration of stent patency was 199 ± 235 days

in the paclitaxel-incorporated SEMS group and 149 ±

99 days in the covered SEMS group. Mean survival was

270 ± 260 days in the paclitaxel-incorporated SEMS
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group and 182 ± 117 in the covered SEMS group. Thus,

there was a trend towards improved patency and survival in

the experimental arm, although these differences were not

statistically significant. Rates of complications such as

cholangitis, pancreatitis, and stent migration were similar

between the two groups. The study therefore suggests that

paclitaxel-incorporated SEMS are probably as safe as

covered SEMS, but do not significantly improve stent

patency or survival.

When considering the utility of drug-eluting stents for

malignant biliary obstruction, several questions remain

unanswered. The first question is whether the results of this

study are convincing enough to conclude that the stents

used in the experimental arm lack additional efficacy

compared to covered stents. The non-randomized nature of

the trial does create a potential for selection bias, particu-

larly since the authors did not compare performance status

or comorbidity indices between the two groups. That being

said, baseline characteristics such as age and chemotherapy

treatment were similar in the two groups. Also, the inves-

tigators did enroll sufficient numbers of patients to mini-

mize type II error (erroneously rejecting the null hypothesis

of no difference). Ideally, a randomized trial is necessary to

confirm the results of this study. However, in light of the

lack of efficacy in this study, the cost of further research

using the same stent design may not be financially

practical.

A second question is what effect changes in stent design

may have on drug-eluting stent patency. Interestingly,

tumor ingrowth and overgrowth were more common in the

paclitaxel-incorporated stent group. The investigators raise

the possibility of single polyurethane membrane degrada-

tion by hydrolysis, oxidation, and continuous contact with

bile flow as a potential cause of tumor ingrowth in both

groups. Further, they report the recent development of a

double-layer drug-eluting SEMS to overcome the limita-

tion of membrane degradation. If prior experience with

plastic stents provides any guidance, it seems less likely

that addition of a double-layer will confer any added

benefit to drug-eluting SEMS [15].

The optimal drug, if any, to incorporate in a stent for

local control of malignant biliary obstruction is not clear.

The investigators used in vitro evidence from cell cultures

to base their decision to incorporate the drug-eluting stent

with paclitaxel, but this agent has not been effective as a

systemic chemotherapeutic agent in patients with pancre-

atic cancer or hepatobiliary malignancies. Medications

such as gemcitabine and fluorouracil are more commonly

employed in patients with malignancies that frequently

cause biliary obstruction. Until recently, the challenge in

developing a gemcitabine-eluting stent was the hydrophilic

nature of this drug, since most of the drug is eluted initially,

with little left for sustained elution during the stent life-

time. The authors have recently published their pilot

experience with gemcitabine-eluting SEMS in a porcine

model [16]. To date, however, human experience with

gemcitabine stents is lacking.

Finally, the duration a drug-eluting SEMS must continue

to elute the chemotherapeutic agent for optimal efficacy is

not well understood. In the current study, serum paclitaxel

levels were not measured, so it is not clear how long

paclitaxel exerted its anti-tumor effect, if any. The inves-

tigators have recently published their experience with a

paclitaxel eluting stent that contains a Pluronic F-127

impregnated membrane in pigs [17]. Paclitaxel was

detected in porcine serum for 28 days when they used

SEMS covered with this surfactant-impregnated membrane

containing 10 % paclitaxel. Again, published human

experience with this stent design is pending.

Current available evidence suggests that the first gen-

eration paclitaxel incorporated SEMS are probably safe,

but are no more efficacious than standard covered SEMS

(Table 1). Further investigation is necessary to determine if

changes in stent design, chemotherapeutic agent, or drug-

release mechanisms will provide any added improvement

to stent patency or patient survival.

Table 1 Summary of published human and animal studies on drug-eluting biliary stents

Author Journal Subjects Drug Study results

Lee Gastrointestinal Endoscopy

2005

2 pigs Paclitaxel Drug release and histologic changes best with 10 % wt/v paclitaxel stent

compared to the 0 and 20 % concentrations

Suk Gastrointestinal Endoscopy

2007

21 humans Paclitaxel Mean patency 429 days

Mean survival 350 days

Lee Gastrointestinal Endoscopy

2009

11 dogs Paclitaxel Mucosal hyperplasia seen in 3/6 dogs who received paclitaxel stent but no

dogs who received control stents

Chung Journal of

Gastroenterology and

Hepatology 2012

2 pigs Gemcitabine No inflammation with 0 % w/v gemcitabine stent

Mild inflammation with 10 % w/v stent

Moderate to severe inflammation with 15 and 20 % w/v stent

Jang Endoscopy 2012 8 pigs Paclitaxel Paclitaxel detected in serum for 28 days using 10 % Pluronic and 10 %

paclitaxel but only 7 days with higher or lower concentrations of Pluronic
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