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Abstract
AIM: To analyze through meta-analyses the benefits of two types of stents in the inoperable malignant biliary obstruction. 

METHODS: A systematic review of randomized clinical trials (RCT) was conducted, with the last update on March 2015, using EMBASE, CINAHL (EBSCO), MEDLINE, LILACS/CENTRAL (BVS), SCOPUS, CAPES (Brazil), and gray literature. Information of the selected studies was extracted in sight of six outcomes: primarily regarding dysfunction, complication and reintervention rates; and secondarily costs, survival, and patency time. The data about characteristics of trial participants, inclusion and exclusion criteria and types of stents were also extracted. The bias were mainly assessed through the JADAD scale. This meta-analysis was registered in the PROSPERO database by the number CRD42014015078. The analysis of the absolute risk of the outcomes was performed using the software RevMan, by computing risk differences (RD) of dichotomous variables and mean differences (MD) of continuous variables. Data on RD and MD for each primary outcome were calculated using the Mantel-Haenszel test and inconsistency was qualified and reported in 2 and the Higgins method (I2). Sensitivity analysis was performed when heterogeneity was higher than 50%, a subsequent assay was done and other findings were compiled. Student’s t-test was used for the comparison of weighted arithmetic means regarding secondary outcomes.

RESULTS: Initial searching identified 3660 studies; 3539 were excluded through title, repetition, and/or abstract, while 121 studies were fully assessed and were excluded mainly because they did not compare self-expanding metal stents (SEMS) and plastic stents (PS), leading to thirteen RCT selected, with 13 articles and 1133 subjects meta-analyzed. The mean age was 69.5 years old, that were affected mostly by bile duct (proximal) and pancreatic tumors (distal). The preferred SEMS diameter used was the 10 mm (30 Fr) and the preferred PS diameter used was 10 Fr. In the meta-analysis, SEMS had lower overall stent dysfunction compared to PS (21.6% vs 46.8% P < 0.00001) and fewer reinterventions (21.6% vs 56.6% P < 0.00001), with no difference in complications (13.7% vs 15.9% P = 0.16). In the secondary analysis, the mean survival rate was higher in the SEMS group (182 d vs 150 d – P < 0.0001), with a higher patency period (250 d vs 124 d – P < 0.0001) and a lower cost per patient (4193.98 vs 4728.65 Euros – P < 0.0985).

CONCLUSION: SEMS are associated with lower stent dysfunction, lower reintervention rates, better survival, and higher patency time. Complications and costs do not show difference.
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Core tip: Endoscopic stenting is accepted worldwide as the first choice palliative treatment for malignant biliary obstruction. There are still two types of materials currently being used, which are plastic and metal. Therefore, many doubts are raised as to which one is the most beneficial to the patient. This review gathers the highest quality information available about these two types of stent, giving information in regards to dysfunction, complication, reintervention rates, costs, survival, and patency time; and intend to help handle clinical practice nowadays, especially in countries where the availability of metallic stents is scarce and cannot be offered to all patients.
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INTRODUCTION
Biliary tract neoplasms are uncommon yet important pathologies. Their main symptom (jaundice) can cause important disorders, such as immunosuppression[1-4], and its prognosis is usually poor[5]. Despite its rarity, estimates from the SEER (Surveillance, Epidemiology and End Results) database from North America reveals increased incidence and a maintained poor prognosis[6].
It is estimated that almost 20% of the subclinical jaundice is due to malignant bile duct obstruction[7], divided about 2/3 to 1/3 between pancreatic and other biliary obstructive cancers, respectively[8]. 
Because of its invasiveness and late symptom appearance and onset in elderly people, the majority of the diagnosed cases are not deemed curable by resection[9-11]. According to INCA (Brazilian’s National Institute of Cancer) pancreatic tumors were accountable for 2% of the malign tumors of Brazil, with an estimate of around 17000 new cases in 2015. Having in mind that only 15%-20% of these neoplasms are resectable, the number of inoperable MBO just in Brazil in 2015 should be over 13000[12].
The use of palliative methods is essential in these cases and endoscopic biliary stenting is becoming more prevalent, especially in high operatory risk cases or very ill patients, because it is minimally invasive[13,14]. The subject of the quality and durability of the palliative methods is becoming more important due to the skyrocket survival in advanced stages biliary tract neoplasms. For instance, Kim et al[15] demonstrated a survival in metastatic biliary tract cancer of about 9 mo in a phase II study of gemcitabine and S-1 combination chemotherapy, in contrast of the 3-4 mo survival of earlier studies.  
Two types of stents are routinely used in current practice: plastic stents (PS) and self-expanding metal stents (SEMS). Several randomized clinical trials (RCT) demonstrated that metal stents are associated with longer stent patency but survival is the same as when plastic stents are used. Some studies favored SEMS[16-25] and some favored PS[26,27], although the difference about survival has only been shown in one study, favoring SEMS[28].
 The latest meta-analysis regarding metal and plastic stenting in malignant biliary obstruction[29], which involved stents inserted through percutaneous transhepatic drainage (PTD) and endoscopic retrograde cholangiopancreatography (ERCP), published in January 2013 and involving ten RCT, demonstrated the same information about stent patency and reintervention rates although it also demonstrated a diminished survival in the PS group. This meta-analysis aims to use the 4 RCT not included in the last study.
Considering the acceptable use of either SEMS or PS in endoscopic stenting for inoperable malignant biliary obstruction (MBO), this meta-analyses aims to gather applicable information, primarily regarding dysfunction, complication and reintervention rates; and secondarily costs, survival, and patency time. 

MATERIALS AND METHODS
Literature search
This meta-analysis was registered in the PROSPERO international prospective register of systematic review[30], by the number CRD42014015078. 
All assessed randomized clinical trials regarding comparisons between SEMS and PS that were endoscopically placed for MBO were collected from these databases: EMBASE, CINAHL (EBSCO), MEDLINE, LILACS and CENTRAL (BVS), SCOPUS, Master’s and Doctorate’s theses and dissertations on the CAPES database (Brazil)[31], and gray literature. Any outcome was considered, from any date of publication until March 2015, with any number of subjects. Publications were accepted in any format, language, or publication status. 
Besides searching through the tools mentioned above, we conducted a direct approach by emailing authors, when necessary. The last date the databases were assessed for new releases was March 15, 2015. 
The search strategies used for MEDLINE, SCOPUS and EMBASE databases are stated in supplementary material; the Brazilian Master’s and Doctorate’s theses and dissertations strategy was the word “stent”; CINAHAL, LILACS and CENTRAL strategies were “plastic stent OR metallic stent (filter – randomized controlled trials)”.

Study selection
Initially, studies were excluded because clear information in the title or abstract stated that it did not compare stent techniques or did not study MBO. Furthermore, the abstracts and full articles were assessed and excluded if proven not to be RCT or the comparison was not between SEMS and PS. 
Initial searching identified 3660 studies; 3539 were excluded through title, repetition, and/or abstract (Figure 1). 121 studies were fully assessed and were excluded mainly because they did not compare PS and SEMS. One of the studies included in the last meta-analysis of Hong et al[29] was not used because involved only percutaneous transhepatic drainage. Two authors were contacted through email regarding 2 studies that, later on, proved unfit for this systematic review; the reasons displayed in Supplementary Table 1, in the supplementary material. In addition, there were some studies that were previews of later ones, and thus were also excluded after confirmation. Detailed information about the findings by database and reasons for exclusion can be found in the supplementary material.

Data extraction
The data were extracted from all the databases mentioned by two independent authors, confirming the same eligible final studies. The eligible studies were confronted after both authors stopped article exclusion.
The dysfunction outcome was accessed through the number of patients who had occlusion, migration, or kinking of the first stent used; therefore any disorder, confirmed or presumed because of cholestasis, that needed a reintervention. 
Reintervention was any procedure needed for a new drainage of the biliary tree, endoscopic or percutaneous, to replace a dysfunctional stent. 
The complication outcome was any disorder attributed to the stent insertion that required a medical intervention at the time of diagnosis, but not obligatorily related to stent dysfunction (pancreatitis, cholangitis, bleeding, perforation, cholecystitis, liver abscess). 
The outcome of costs was calculated using the data presented in the studies and converting it to Euro (€), regardless if they were about the full treatment or just calculated using the stent’s value and the number of stents exchanged. Stent patency time was the mean time to stent dysfunction, calculated in days. Overall survival was calculated through the reported mean time of survival in days. If the study used months, each month was considered as having 30 d.

Risk of bias
The biases were individually assessed through the JADAD scale[32] (Figure 2), a tool to assess a RCT quality through evaluation of blinding, randomization, and losses reported. In addition, biases were evaluated regarding intention to treat, prognosis characteristics, regional differences, amount of losses, and follow up; these were not used as exclusion criteria.
Despite no restrictions were made for language in the present study, it has a publication bias as the search databases used obligated the study to have at least its abstract in English or Portuguese. Therefore, studies in other languages that did not have at least an abstract in English weren’t assessed. The differences between the study population, type of cancer, and type and diameter of stent were considered as possible biases.

Statistical analysis
Regarding meta-analysis, the difference was calculated as the risk difference for dichotomic variables with a Cochran–Mantel–Haenszel (CMH) test with a 95%CI, and as the mean difference with fixed effect using inverse variance, with a 95%CI, for continuous variables. The semi-quantitative measures were described as the weighted arithmetic mean using the patient number of each study, with standard deviation, and Student’s t-test analysis. All data were addressed as intention to treat analysis (ITT).
RevMan 5 software (Review Manager version 5.3.5 – Cochrane Collaboration, Copyright © 2014) was used for meta-analysis of stent dysfunction, complication, and reintervention rates. Student’s t-test was used for the comparison of weighted arithmetic means regarding costs, survival, and stent patency, as we could not extract the standard deviation of this data from most of the studies selected. The heterogeneity was evaluated through a chi-squared test (I2, or 2), and modified up to 50% with sensitive analysis, when possible and necessary.

Additional analysis
The studies were further divided between proximal (MPBO) and distal (MDBO) obstruction, and JADAD ≥ 3 and JADAD < 3 for meta-analysis. 

RESULTS
Studies characteristics
A total of 13 RCT were selected, with 1133 patients (mean age of 69.5 years old) affected mostly by bile duct (MPBO) and pancreatic tumors (MDBO). Apart from the most common causes of biliary obstruction, 5 papers had description of metastatic tumors causing this obstruction, probably caused by extrinsic compression. Moses et al[27] had around 10% of metastatic cancer from a primary location of colon and lung; Mukai et al[17] had about 30% of metastatic cancer as cause for obstruction while Soderlund et al[20] found 7%, although no information about the primary site was described for neither; Katsinelos et al[21] describes compressive lymph nodes as cause for 19% of the obstructions, while Prat et al[26] had 12%. The preferred SEMS diameter used was the 10 mm (30 Fr) and the preferred PS diameter used was 10 Fr. Detailed data regarding the etiology of the MBO can be found in Table 1. Supplementary Tables 2 and 3 have information about outcomes and specific stent used and can be found in the supplementary material. All the extractable data used in the calculations are exposed in Supplementary Table 4

Risk of bias within studies
The maximum score in the JADAD scale[32] was 3 because it is not possible to have a double-blind study in this field. In total, there were 6 studies with JADAD 1, 2 studies with JADAD 2, and 5 studies with JADAD 3. Overall, survival did not include information about neoplasm-specific mortality. The studies did not always give strict specifications about the stent’s type, nor about inoperable criteria. The use of one abstract[19] also negatively impacted the information that could be assessed; however, the information given was sufficient for some outcomes. Prat et al[26] only had the number of ERCP performed because of dysfunction (so this was the number used for the dysfunction outcome) and excluded people who lived farther than 150 km from the hospital, leading to a possible bias; also, there was no information about the currency used for cost calculation, but because the study was conducted in France, it was considered as Euro. In addition, the study had three groups, one of which was not used in our meta-analysis because the outcomes analyzed would be biased (the group had scheduled stent exchange regardless of the patients symptoms). Walter et al[16] performed the randomization before the ERCP but excluded some individuals after it. Despite the intent of using ITT analysis for this study, the information on which randomized group the excluded patients were from was not available. Moreover, the information about the mean survival time specified per stent was not obtainable. Five studies[16,17,20,23,25] used the combined approach (rendezvous) or PTC when the endoscopic approach alone was insufficient. All studies selected were RCT with no selection bias.

Results of individual studies
All studies had extractable information about stent dysfunction, ten about reintervention (although[16] was not used because the lack of standard deviation data), and eleven about complication; these were used in the meta-analysis. Eleven studies had comparative information on overall survival, eight on costs and ten on stent patency time (Kaassis et al[22] had information only about the PS group), although the information did not include the standard deviation (SD), which compromised our intent for quantitative analysis. Therefore, these three latest outcomes were evaluated semi-quantitatively. Overall, the results regarding stent dysfunction, time of stent patency, and reintervention were homogenously beneficial towards SEMS in all studies. Regarding costs, complications, and survival, the results were discrepant. 

Synthesis of results
The results were divided between quantitative and semi-quantitative results because of the absence of vital information for quantitative analysis of all outcomes.

Primary outcomes: The dysfunction rate was 24% lower in the SEMS group, with a NNT of 5. The sensitive analysis lowed the heterogeneity to 0% (withdrawing data from Prat et al[26]) with no change to the result. The meta-analysis graph was divided between MBDO (1.1.1) and MBPO (1.1.2) – Figure 3.
Reintervention was separated into dichotomous and continuous data, corresponding to the data reported by the author, except for Katsinelos et al[21], whose data were transformed into continuous for statistical analysis purposes. In both meta-analyses, SEMS had at least 30% fewer reinterventions and a NNT of 3. The meta-analysis graph was divided between MBDO (1.3.1/1.5.1) and MBPO (1.3.2/1.5.2) – Figures 4 and 5.
MBO complication rates were not different between PS or SEMS. Even after sensitivity analysis (with the lowest heterogeneity of 0%, withdrawing 5 studies), the result remained the same. The meta-analysis graph was divided between MBDO (1.7.1) and MBPO (1.7.2) – Figure 6.

Secondary outcomes: In the costs analysis, the SEMS group had a less expensive result, although without statistical significance, with a mean of €4,193.98 for SEMS vs €4,728.65 for PS (P = 0.0985) – Table 2.
The time for stent dysfunction was measured in days and was statistically higher in the SEMS group (250 vs 124 d – P < 0.0001) – Table 3.
Regarding survival, also measured in days, SEMS had a better result. The outcome was divided in MDBO and MPBO because of the different causes of malignant obstruction between the two, therefore we tried to minimize the bias of the worse survival in hilar tumors. Nevertheless, apart from a global minor survival in the MPBO for the both stents comparing to MDBO, SEMS had a longer survival, with statistical significance in MPBO and MDBO alike - Figure 7. Detailed data regarding survival of each study can be found in Supplementary Figures 1 and 2.

Risk of bias across studies
The dysfunction definition varied from study to study, but always meant an improper drainage requiring reintervention. The costs were measured by the studies in Deutsche Marks, Japanese Yen, and Euros. The values were all converted to Euro to lessen the conversion error, as the majority of the results were in this currency. The fare of the month and year of the last included patient was used for Mukai et al[17], and the fare of February 1999 for earlier studies, using the database of Brazil’s Central Bank[33]. The costs have another bias, as some studies considered the whole treatment (i.e., ICU, ERCP initial and reintervention, stents, hostelry, drugs, and laboratory), while others accounted only for the prosthesis itself Katsinelos et al[21]. 
The invasiveness, other than “inoperable tumor” and the patient performance status, was not globally reported and the exclusion criteria differed between the studies, with populations from 28% Prat et al[26] to 71% Moses et al[27] with liver metastasis. This probably was a bias between studies for the overall survival and time to stent patency comparisons, because of prognostic differences. Also, the younger mean age of the patients in Davids et al[23] could have influenced the prognosis.
There were also bias regarding the different types of stents used in the studies (uSEMS, pcSEMS and cSEMS; Amsterdam and Tannenbaum PS), and the number of stents used in the same procedure.

Additional analysis
The studies were divided between MBPO and MBDO and therefore analyzed in the same way. We also analyzed the subgroups with JADAD ≥ 3 and JADAD < 3. The subgroup analysis did not changed the previously-stated results, hence the graphs are located in the supplementary material. The meta-analysis graph was divided between JADAD ≥ 3 (1.2.1/1.4.1/1.6.1/1.8.1) and JADAD < 3 (1.2.2/1.4.2/1.6.2/1.8.2), found in Supplementary Figures 3-10.

DISCUSSION
The use of SEMS has fewer dysfunction, longer patency, and longer survival. It requires fewer reinterventions, with no differences in complication rate or costs, when compared to PS. 
Regarding the patients’ quality of life and adequate palliative care with the lowest hospital stay possible and minimal symptomatology, SEMS are always the first option, as there is no definitive way to determine one’s life expectancy, despite the known mean survival rates according to the stage of the disease[34-36]. From the perspective of the healthcare system and the rational use of materials, SEMS does not seem to have more to offer than PS for very ill patients (with a life expectancy of less than 4 mo), however with the innovations in chemo and radiotherapy, the life expectancy shall only increase[15]. Therefore, the SEMS could be saved for cases that are more suitable, without compromising adequate palliative care, by considering their mean survival (99-162 d vs 159-187 d; P < 0.0001) and mean patency (124 d vs 250 d; P < 0.0001), compared to PS. This is true especially in countries like Brazil, where SEMS are not widely available for every inoperable MBO, so we could make the most of our limited resources.
	The results of sub-analysis did not differ from the main results, so the conclusions can be extrapolated to MPBO and MDBO alike.
	New RCT that study the comparison between PS and SEMS, especially regarding quality of life and costs, with explicit tumor staging involved and presenting the means for a meta-analysis (data with standard deviation and tables), are required for advancing the knowledge of palliative care for MBO. These studies could be considered in very ill and poor prognosis patients, with no risk for their optimal palliative treatment.
The lack of information, such as the SD in the costs, overall survival, and patency time outcomes, made some data unsuitable for meta-analysis, despite being adequate for semi-quantitative analysis. The heterogeneity in the costs analysis of each study compromises its adequate comparison. Non-standard and subjective criteria for inoperable patients could have undermined the complication and costs significance, as these may have been different if only metastatic or non-metastatic patients could be clustered. 
Metal stents are associated with a lower rate of stent dysfunction and lower reintervention rate, with no difference in complications. SEMS also have better survival rates and a higher patency period with no difference in costs from PS.

COMMENTS
[bookmark: h.30j0zll]Background
It is estimated that almost 20% of the subclinical jaundice is due to malignant bile duct obstruction, divided about 2/3 to 1/3 between pancreatic and other biliary obstructive cancers, respectively. According to INCA (Brazilian’s National Institute of Cancer), the number of inoperable malignant biliary obstruction (MBO) just in Brazil in 2015 should be over 13000. The use of palliative methods is essential in these cases and endoscopic biliary stenting is becoming more prevalent, especially in high operatory risk cases or very ill patients, because it is minimally invasive. Endoscopic stenting is worldwide accepted as the first choice palliative treatment for malignant biliary obstruction. There are still in use two main types of material (plastic and metal), leaving doubts about what should be the best indication for one or the other. This review gathers the most recent quality information about these two types of stent, bringing information regarding dysfunction, complication, reintervention rates, costs, survival, and patency time; and intend to help handling nowadays clinical practice especially in countries where the availability of metallic stents is scarce and cannot be offered to all patients. 

Research frontiers
To choose the better stent for treatment of a patient while saving resources to the other patients with similar conditions is the main question of this meta-analysis. 

Innovations and breakthroughs
There are still in use two main types of stent for MBO, and despite the loose belief that plastic stents (PS) is better for short survival patients and self-expanding metal stents (SEMS) is better for long survival patients, there is no consensus or guidelines to determine in what cases can the authors use each. 
[bookmark: h.1fob9te]
Applications 
This review aim to help with detailed and specific information about each stent to aid physicians and the Health’s Departments around the globe, showing that sometimes the cheapest item can be not so advantageous when you look at the whole treatment. The discrepancy of measures in the selected studies is a limitation. Prospective randomized controlled studies with attention to a specific population (short expected survival) are needed to clarify if the SEMS is actually no better in this group.

Terminology
Malignant biliary obstruction is defined as a cancer being responsible, directly or indirectly, for the mechanical blockage of the bile output, produced by the hepatocytes. Clinically, it usually is suspected because of jaundice. When this cancer cannot be resected, due to the patient’s clinical condition or due to the cancer invasion, it is nominated inoperable. Palliatively, the first choice to treat the symptoms is to place an endoscopic stent, that nowadays can be either made of plastic or metal. 
[bookmark: h.3znysh7]
Peer-review
In this meta-analysis, the authors have presented the costs and clinical outcomes of endoscopic stenting with SEMS and PS in patients with inoperable MBO, bringing the information to better understand the advantages and disadvantages of each.
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Table 1 Neoplasms distribution in individual studies
	Ref.
	No. of patients
	Bile duct cancer (%)
	Pancreatic tumor (%)
	Papilae tumor (%)
	Gallbladder cancer (%)
	Metastatic tumor (%)
	Other (%)

	Walter et al. 2014
	2401
	0
	83
	0
	0
	0
	17

	Moses et al. 2013
	85
	0
	69
	3
	3
	10
	15

	Mukai et al. 2013
	60
	50
	0
	0
	22
	28
	0

	Sangchan et al. 2012
	108
	100
	0
	0
	0
	0
	0

	Bernon et al. 2011
	22
	NA
	NA
	NA
	NA
	NA
	NA

	Isayama et al. 2011
	120
	0
	100
	0
	0
	0
	0

	Soderlund et al. 2006
	100
	9
	78
	2
	0
	7
	4

	Katsinelos et al. 2006
	47
	17
	53
	11
	0
	19
	0

	Kaassis et al. 2003
	118
	15
	75
	0
	0
	0
	10

	Prat et al. 1998
	1051
	21
	64
	3
	0
	12
	0

	Wagner et al. 1993
	20
	100
	0
	0
	0
	0
	0

	Knyrim et al. 1993
	62
	3
	69
	5
	0
	0
	23

	Davids et al. 1992
	105
	0
	100
	0
	0
	0
	0


1ot all patients were included in the meta-analysis.



Table 2 Costs evaluation – per patient in Euros
	
	Costs (€)

	
	PS
	SEMS

	Ref.
	No pts
	PS cost (mean)
	Total
	No pts
	SEMS cost (mean)
	Total

	Walter et al 2014
	73
	6906
	504138
	146
	6437
	939802

	Mukai et al 2013
	30
	17170.19
	515105.7
	30
	8935.68
	268070.4

	Soderlund et al 2006
	51
	953.1372549
	48610
	49
	940
	46060

	Katsinelos et al 2006
	24
	737.5
	17700
	23
	1308.695652
	30100

	Kaassis et al 2003
	59
	1216.805085
	71791.5
	59
	1208.116949
	71278.9

	Prat et al 1998
	33
	5547
	183051
	34
	4643
	157862

	Wagner et al 1993
	10
	3511.31
	35113.1
	10
	2552.57
	25525.7

	Knyrim et al 1993
	31
	3067.75
	95100.25
	31
	2045.17
	63400.27

	MEAN (per patient)
	4728.648071
	4193.977147

	SD
	5434.740692
	2905.677081

	
	P = 0.0985


SEMS: Self-expanding metal stents; PS: Plastic stents.



Table 3 Time for stent dysfunction – mean time per author in days
	Time for dysfunction in days

	Ref.
	PS 
	SEMS

	Walter et al 2014
	172
	293.3

	Moses et al 2013
	153.3
	385.3

	Mukai et al 2013
	112
	359

	Sangchan et al 2012
	35
	103

	Isayama et al 2011
	202
	285

	Soderlund et al 2006
	54
	108

	Katsinelos et al 2006
	123.5
	255

	Prat et al 1998
	96
	144

	Davids et al 1992
	126
	273

	MEAN 
	123.7261792
	250.2537988

	SD
	53.38757918
	104.0647031

	
	P < 0.0001
	


SEMS: Self-expanding metal stents; PS: Plastic stents.
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Figure 1 PRISMA’s studies selection fluxogram. 1The reasons for exclusions are displayed on Supplementary Table 1. RCT: Randomized clinical trials.
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Figure 2 JADAD scale.
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Figure 3 Stent dysfunction. A: Forest plot; B: Funnel plot.
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Figure 4 Reintervention (dichotomic). A: Forest plot; B: Funnel plot.
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Figure 5 Reintervention (continuous). A: Forest plot; B: Funnel plot.



[image: ]
A
[image: ]
B
Figure 6 Complication. A: Forest plot; B: Funnel plot.
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Figure 7 Mean survival by stent in patients (P < 0.0001). A: With proximal tumors; B: With distal tumors.
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