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This clinical guideline from the American Society for Gastrointestinal Endoscopy (ASGE) provides an evidence-
based approach for the management of patients with malignant hilar obstruction (MHO). This document was
developed using the Grading of Recommendations Assessment, Development and Evaluation framework and ad-
dresses primary drainage modality (percutaneous transhepatic biliary drainage [PTBD] vs endoscopic biliary
drainage [EBD)), drainage strategy (unilateral vs bilateral), and stent selection (plastic stent [PS] vs self-
expandable metal stent [SEMS]). Regarding drainage modality, in patients with MHO undergoing drainage before
potential resection or transplantation, the panel suggests against routine use of PTBD as first-line therapy
compared with EBD. In patients with unresectable MHO undergoing palliative drainage, the panel suggests
PTBD or EBD. The final decision should be based on patient preferences, disease characteristics, and local exper-
tise. Regarding drainage strategy, in patients with unresectable MHO undergoing palliative stent placement, the
panel suggests placement of bilateral stents compared with a unilateral stent in the absence of liver atrophy.
Finally, regarding type of stent, in patients with unresectable MHO undergoing palliative stent placement, the
panel suggests placing SEMSs or PSs. However, in patients who have a short life expectancy and who place
high value on avoiding repeated interventions, the panel suggests using SEMSs compared with PSs. If optimal
drainage strategy has not been established, the panel suggests placing PSs. This document clearly outlines the
process, analyses, and decision processes used to reach the final recommendations and represents the official

|

heck for

updates

ASGE recommendations on the above topics. (Gastrointest Endosc 2021;94:222-34.)

(footnotes appear on last page of article)

Patients with malignant hilar obstruction (MHO)
frequently present with signs and symptoms of biliary
obstruction. MHO can occur because of several types of ma-
lignancies including primary tumors of the biliary tract
involving the hilum (Klatskin tumors), local extension of adja-
cent cancers (gallbladder cancer), and metastatic involvement
of lymph nodes with extrinsic hilar compression." MHO is a
devastating disease, with a 5-year survival rate of less than
10%.” Approximately 73% of lesions causing MHO are either
unresectable after preoperative staging or an RO resection
(resection for cure) is not achievable at the time of surgery.
Surgery for MHO typically involves partial hepatectomy, or
liver transplantation which is performed in select centers in
the United States.” Thus, most patients require some form
of biliary drainage for symptomatic relief (eg, pain, jaundice,

etc) to prevent adverse events (AEs) of cholestasis (pruritus,
cholangitis, etc) as part of the preoperative assessment and
to preserve liver function.

Accomplishing the goals of biliary drainage in MHO can
be challenging. For instance, the optimal drainage strategy
and the type of stent (plastic stent [PS] vs self-expanding
metallic stent [SEMS]) have not been defined in patients
with  MHO. Similarly, among patients with potentially
resectable MHO, preoperative biliary drainage is often
required. There is limited guidance on whether percuta-
neous transhepatic biliary drainage (PTBD) or endoscopic
biliary drainage (EBD) is the most appropriate route for
approach in this patient population. In this document,
we present the body of evidence and provide guidance
in addressing these important clinical questions. We aim
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GRAPHICAL ABSTRACT
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Unresectable MHO
7/ I o\ .
Short life expectancy, Optimal drainage
or prefers avoiding strategy not been Otherwise
repeated interventions established

Suggest metal Suggest Suggest either
stents (SEMS) plastic stents SEMS or PS

\ J/ . 4 \ J/

Drainage Strategy

Unresectable MHO

Suggest bilateral stents

Drainage Modality

N ~
Potentially Unresectable or
operative palliative

Suggest against routine Suggests EBD or PTBD
use of PTBD as first line
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to provide evidence-based, clinically relevant guidelines ad-
dressing management of MHO.

METHODS

This guideline document was conceptualized and con-
ducted according to the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) frame-
work, as previously described.”” The American Society for
Gastrointestinal Endoscopy (ASGE) Governing Board
approved the final document before publication.

Panel composition and clinical questions

We invited a panel of stakeholders to be involved in the
discussion and formulation of the final recommendations.
This included a content expert (B.J.E.), interventional radi-
ologist (A.R.), pancreaticobiliary surgeon (E.P.C.), patient
advocate (P.M.), GRADE methodologist (B.J.Q.), and mem-
bers of the Standards of Pratice committee. The patient
advocate was a representative of the Cholangiocarcinoma
Foundation (https://cholangiocarcinoma.org). The meeting
was held in Chicago, Illinois, USA on March 7, 2020. All
members were asked to disclose conflicts of interests
based on the ASGE policy (https:/www.asge.org/forms/
conflict-of-interest-disclosure and https:/www.asge.org/
docs/default-source/about-asge/mission-and-governance/
asge-conflict-of-interest-and-disclosure-policy.pdf).

Clinical questions were formulated according to the pop-
ulation, intervention, comparison, and outcome, or PICO,
format. Critical outcomes included survival, postprocedure
mortality, success rates (functional and technical), and
adverse outcomes. The questions aimed to address 3 clini-
cally important questions as outlined in Table 3.

Literature search and study selection criteria

Our literature search was done with the help of an
expert librarian. We started by searching for existing sys-
tematic reviews. If such reviews were identified, the cita-
tions from these studies were reviewed for inclusion. The
search was updated, and any new studies were also consid-
ered based on predefined inclusion and exclusion criteria.
Inclusion criteria for all clinical questions were randomized
controlled trials, cohort, case-control, retrospective
studies, or meeting abstracts from 2018-2019. Included
studies have patients with hilar malignancy and assessed
survival duration, stent latency, technical and clinical suc-
cess, therapeutic outcomes, re-intervention rate, or
adverse events. A total of 25 studies were used as evidence
for all clinical questions. See Appendix (available online at
www.giejournal.org) for full search strategies and database
details. All citations were imported into covidence.org and
reviewed by 2 independent reviewers (B.J.Q. and L.H.J.),
and all conflicts were resolved by consensus.

Data extraction and statistical analysis
For all included studies, we extracted data on survival time,
mortality rates, stent patency, success rates, reintervention

rates, and AEs. Data were extracted into an Excel spreadsheet
(Microsoft Corporation, Redmond, Wash, USA). We assessed
heterogeneity using the I test, and funnel plots were used
to assess for publication bias. Forest plots were constructed
to assess the magnitude and direction of effect estimate.

Certainty in evidence (quality of evidence)

Based on the GRADE format,’ evidence for each
outcome was assessed for risk of bias, inconsistency,
indirectness, imprecision, and publication bias using the
GRADEpro-GDT website (http:/gdt.guidelinedevelopment.
org/app). The quality of evidence was rated from very low
to high. The certainty of evidence was discussed in detail
during the panel meeting, and forest and funnel plots
were presented.

Considerations in the development of
recommendations

In addition to the quality and certainty of the evidence,
the panel considered several other factors in making final
recommendations: the balance of desirable and undesir-
able effects, costs, cost-effectiveness, patient values and
preference, equity, acceptability, and feasibility of interven-
tions compared with comparisons. Final recommendations
used the terms “recommend” to denote strong recommen-
dations or “suggest” to denote conditional recommenda-
tions. The categories of GRADE recommendations and
their interpretation to patients and clinicians are detailed
in Tables 4 and 5.

RESULTS

Details of the primary recommendations from this
guideline document are summarized in Table 1 and the
graphical abstract. General management concepts are
summarized in Table 2.

Recommendation 1: In patients with unre-
sectable MHO undergoing endoscopic palliative
endoscopic stent placement, the panel suggests
the following:

e SEMSs compared with PSs in patients with a
short life expectancy (<3 months) or those
who place high value on avoiding repeated
interventions.

e PSs compared with SEMSs if an optimal
drainage strategy has not been established.

e Otherwise, either stent type may be used based
on local expertise and physician preference.

(Conditional recommendations, Low quality of evidence)

Summary of evidence and recommendations
We identified an existing systematic review by Sawas
et al,” which included 5 comparative studies,”*"" 3 of
which were randomized controlled trials (RCTs). We iden-
tified 3 additional studies, including 1 abstract, > based
on our update of the literature search (from 2016 to 2019).
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TABLE 1. Summary of recommendations for the 3 clinical questions in consideration

Category Population

Stent type Unresectable MHO

Considerations

Short life expectancy or prefers avoiding

Recommendation

Suggest metal stents (SEMSs)

repeated interventions

Optimal drainage strategy not been

Suggest PSs

established

Otherwise

Suggest either SEMSs or PSs

Drainage strategy Unresectable MHO

— Suggest bilateral stents

Drainage modality MHO

Potentially operative

Suggest against routine use of PTBD as
first-line treatment

Unresectable or palliative

Suggest EBD or PTBD

MHO, Malignant hilar obstruction; SEMS, self-expandable metal stent; PS, plastic stent; PTBD, percutaneous transhepatic biliary drainage; EBD, endoscopic biliary drainage.

TABLE 2. General concepts in the management of malignant hilar obstruction

1. Review cross-section imaging, with emphasis on volumetric liver assessment

. Discuss case in a multidisciplinary fashion, especially in patients with potentially resectable disease

. Limit injection of contrast

. Avoid injection and attempted drainage of dilated bile ducts within atrophic liver segments

. Attempt drainage of all injected biliary segments

. Aim to drain >50% of the viable (nonatrophic) liver volume, which includes the future liver remnant in resectable patients

. Consider periprocedure antibiotics, especially if drainage of contrast is believed to be incomplete

May use a stent-in-stent or stent-by-stent approach

olo|N|loa|lu|ls|lw|N

and research settings

. Radiofrequency ablation and photodynamic therapy to ablate lesions through self-expanding metal stents can be considered in tertiary centers

The advantages of SEMSs included higher patency rates,
lower reintervention rates, and higher rates of drainage
success. Improved survival was also noted in 1 RCT.”
There was no difference in insertion success rates, 30-day
mortality, adverse outcomes, or pancreatitis between
SEMSs and PSs. The panel expressed concern about mak-
ing a strong recommendation for SEMSs compared with
PSs because of several factors. First, patients in the RCTs
who were randomized to the PS group did not undergo
scheduled stent exchanges as would be the case in current
practices. Second, in patients who require reintervention,
the procedure of exchanging PSs is much easier than rest-
enting an occluded SEMS.

In patients who have short life expectancy (<3 months),
the panel suggested the use of SEMSs compared with PSs
because of lower rates of reintervention and possibly
improved survival based on existing data. In some cases, en-
doscopists may not know the best side to be drained or
cannot confirm that the patient is resectable. The panels sug-
gested placing PSs in such patients while final decisions could
be made, at which time SEMSs can be placed if needed.

Evidence synthesis
We extracted data on survival, stent patency, insertion
success, drainage success (defined at decrease in serum

bilirubin by <75% in 1 month, in most studies), and
adverse outcomes (overall AEs, 30-day mortality, cholangi-
tis, and pancreatitis). The evidence profile summarizing
each outcome based on GRADE methodology is detailed
in Supplementary Table 1 (available online at www.
giejournal.org). Forest plots and funnel plots for each
outcome are detailed in Supplementary Figures 1 and 2
(available online at www.giejournal.org).

Survival. For the primary outcome of survival, data
were used from 2 RCTs. Sangchan et al® showed a
significant survival benefit in patients who underwent
SEMS placement. Mukai et al’ showed a trend toward
better survival with SEMSs, which was not statistically
significant. On meta-analysis, there was a significant
improvement in survival with SEMSs compared with PSs
(difference in means, 56 days [confidence interval {CI},
12-101]; I* = 33%, P = .01) (Supplementary Fig. 1A).
Evidence was rated down for imprecision because of the
assumption of normality (analysis of medians as means).
Thus, the quality of evidence was moderate. Adding 3
cohort studies still showed a trend to increased survival
but did not reach statistical significance (difference in
means, 33 days [CI, =3 to 69]; I* = 55%, P = .07).

Stent patency. For the outcome of stent patency, 2
RCTs*® showed higher median stent patency in patients
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TABLE 3. List of 3 clinical questions in the population, intervention, comparison, outcome format with outcomes and ratings

Population Intervention Comparator Outcomes Rating
Patients with unresectable Self-expandable Plastic stents e Survival Critical
malignant hilar obstruction metal stents
e Stent patency Critical
e Reintervention Critical
e Success rate Critical
e Adverse events Critical
Patients with unresectable Bilateral stent Unilateral stent e Survival Critical
Malignant hilar obstruction placement placement
e Stent patency Critical
e Success rate Critical
o Adverse events Critical
Patients with malignant hilar Endoscopic biliary Percutaneous e Postprocedure mortality Critical
obstruction drainage transhepatic biliary
drainage
e Survival Critical
e Success rate and conversion rate Critical
e Peritoneal metastasis and tube seeding Critical
e Adverse events Critical

TABLE 4. Grading of Recommendations Assessment, Development and Evaluation categories of quality of evidence

Quality of evidence Meaning

Interpretation

High We are confident that the true effect lies close to that of Further research is very unlikely to change our
the estimate of the effect. confidence in the estimate of the effect.
Moderate We are moderately confident in the estimate of the effect; Further research is likely to have an impact on
the true effect is likely to be close to the estimate of the our confidence in the estimate of the effect and
effect, but there is a possibility that it is substantially may change the estimate.
different.
Low Our confidence in the estimate of the effect is limited; the Further research is very likely to have an impact
true effect may be substantially different from the on our confidence in the estimate of the effect
estimate of the effect. and is likely to change the estimate.
Very low We have very little confidence in the estimate of the Any estimate of the effect is very uncertain.

effect; the true effect is likely to be substantially different

from the estimate of the effect.

undergoing SEMS placement versus PS placement. On
meta-analysis, standardized mean difference (SMD)
showed a large improvement in stent patency (SMD, .86
[CI, 55-1.18]; I* = 0%, P < .001). Evidence was rated
down for imprecision because of assuming normality.
Thus, using the data from RCTs, the quality of evidence
was moderate. Adding 5 cohort studies also showed an
improvement in stent patency (SMD, .64 [CI, .46-.82];
P = 52%, P < .001) (Supplementary Fig. 1B).
Reintervention rates. For the reintervention rate,
we found lower odds of reintervention in SEMSs compared
with PSs based on 3 RCTs*™’ (odds ratio [OR], .34;
confidence interval [CI], .16-70; I = 0%, P < .001).

Evidence was rated down for low number of events, and
the quality of evidence was moderate. Adding data
from 5 cohort studies did not change the results (OR,
33; 95% CI, .21-.53; I* = 38%, P < .001) (Supplementary
Fig. 1C).

Success rates. Insertion success was informed by all 3
RCTs that showed no difference between SEMSs and PSs
(OR, 6.38; 95% Cl, .86-47.45; I’ = 0%, P = .07)
(Supplementary Fig. 1D). Evidence was rated down for
imprecision because of low number of events and wide
CI, thus ending with a moderate quality of evidence. The
outcome of drainage success was informed by 1 RCT and
4 cohort studies. Drainage success was higher in SEMSs
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TABLE 5. Interpretation of definitions of strength of recommendation using Grading of Recommendations Assessment, Development and

Evaluation framework

Implications for Strong recommendation

Conditional recommendation

Patients Most individuals in this situation would want the Most individuals in this situation would want the suggested course
recommended course of action, and only a small of action, but many would not.
proportion would not.
Clinicians Most individuals should receive the intervention. Recognize that different choices will be appropriate for individual

Formal decision aids are not likely to be needed to
help individual patients make decisions consistent

with their values and preferences.

patients and that you must help each patient arrive at a
management decision consistent with his or her values and
preferences. Decision aids may be useful in helping individuals to
make decisions consistent with their values and preferences.

Policymakers
most situations. Compliance with this

recommendation according to the guideline could be
used as a quality criterion or performance indicator.

The recommendation can be adopted as policy in

Policymaking will require substantial debate and involvement of
various stakeholders.

compared with PSs (OR, 2.82; 95% CI, 1.19-6.69; I* = 42%,
P = .019) (Supplementary Fig. 1E). The quality of
evidence was low.

Adverse outcomes. As summarized in Supplementary
Table 1, there was no difference in 30-day mortality or
cholangitis rates between the 2 groups (Supplementary
Figs. 1F,G). The rate of pancreatitis was assessed in 2
studies. The RCT by Sangchan et al” showed 8 cases of
pancreatitis in each arm, whereas the study by Gao
et al"® showed 3 cases of pancreatitis in the SEMS group
compared with 1 case in the PS group.

Considerations

Cost. The panel recognized that the cost of SEMSs is
greater than PSs. However, there is a potential for cost sav-
ings from higher stent patency rates and requiring fewer in-
terventions. Two RCTs™” looked at the cost of SEMSs versus
PSs and concluded that SEMSs were more cost efficient. One
retrospective study by Gao et al'” found SEMSs to be more
costly. The panel recognized there are no true cost-
effectiveness analyses in the United States. Walter et al'’
studied the cost efficacy of SEMSs versus PSs in patients
with extrahepatic bile duct obstruction and found that the
total cost after 1 year did not differ. Yeoh et al'® compared
the cost of SEMSs versus PSs in malignant obstructive
jaundice. Their decision analysis showed that initial PS use
followed by SEMSs was the most economical option. Based
on the above, the panel decided that the overall judgment
on cost-effectiveness probably favors SEMSs.

Patient values. We found no studies reporting on
patient values. Based on discussion with the patient
advocate, the panel assumed that most patients would
value survival and lower rates of reintervention. One
observational study by Choi et al'* reported a higher
PTBD-free survival in the PS group. The patient advo-
cate on the panel placed a high importance on avoid-
ing permanent stent placement if reintervention may
be technically challenging on the next ERCP.

Feasibility, acceptability, and equity. The panel
deliberated whether recommending SEMSs could be disad-

vantageous to resource-poor settings where SEMSs are too
expensive or may not be available. However, the final judg-
ment was that there was no overall issue with equity
because SEMSs are also available in resource-poor settings.
The panel decided that using SEMSs compared with PSs is
both feasible and acceptable.

Final comments
Despite the presented data, the panel expressed

concern about making a strong recommendation for

SEMSs compared with PSs. Some issues outlined by the

panel are as follows:

e Patients in the RCTs who were randomized to the PS
group did not undergo scheduled stent exchanges but
waited until stent occlusion occurred. In patients with
prolonged life expectancy (>3 months), this could
have caused stent occlusion, which could have resulted
in worse survival. Scheduled PS replacement is part of
routine real-life clinical practice. Therefore, the noted
improvement in survival in the RCTs may not translate
to improved survival in daily practice.

e If a patient requires reintervention, the procedure
of exchanging PSs is much easier that restenting
an occluded SEMS, especially when bilateral SEMSs
are placed. This notion is supported by data from
Iwasaki et al,'"* who reported higher success rates of
reintervention in PSs compared with SEMSs on
multivariable analysis.

e Finally, many such patients are referred to open-access
calendars in tertiary referral centers. At the index ERCP,
the patient and endoscopist may not have definitive an-
swers on pathology, resectability, and the optimal
drainage strategy (ie, multisegmental vs unilateral
approaches).

Recommendation 2: In patients with unresect-
able MHO undergoing palliative endoscopic stent
placement, the panel suggests placement of bilat-
eral stents compared with a single unilateral stent.
(Conditional recommendation, Low quality of evidence).
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Summary of evidence and recommendations

We identified 3 RCTs'"'® and 3 retrospective
studies'™'”?" for this question. All studies assessed
patients who had unresectable MHO. Four of the 6
studies reported the use of SEMSs. One study'’ used
only PSs, whereas another study'’ used either SEMSs or
PSs. Two studies' " used the stent-by-stent (SBS) tech-
nique, 1 study'” used the stent-in-stent (SIS) technique,
and 2 studies'”'® used either SIS or SBS. The type of
stent used varied by study.

Based on our analysis of the above data, bilateral stent
placement may be associated with an increase in survival,
duration of patency, and successful drainage. However, bilat-
eral stent placement was associated with lower technical suc-
cess rates. Rates of adverse outcomes were similar compared
with unilateral stent placement. This evidence suggests that
bilateral stent placement is superior to unilateral stent place-
ment, and thus the panel made a recommendation in favor
of bilateral stent placement. However, the panel expressed
concern that the survival results were mostly based on 1
RCT" and a strong recommendation would put excessive
burden on endoscopists, some of whom may lack the
expertise to place bilateral stents, especially in patients
with complex MHO.

Data on the ideal approach to bilateral stent placement
are limited. A study by Naitoh et al’ found no difference
between SBS and SIS in success rates. However, AEs
were higher in SBS compared with SIS (P = .016), and
obstruction rates were higher in SBS compared with SIS
(P = .047). Kim et al*' found no difference in success
rates, AEs, or rates of obstruction.

Further studies are needed before we can make a
recommendation on which technique may be superior.
Until then, either technique may be used based on
availability, local expertise, and anatomic considerations.
There are some data on the use of radiofrequency ablation
and photodynamic therapy to ablate lesions through
SEMSs,”** which could increase stent patency. Such
treatments are promising, but the panel cannot make
further recommendations regarding their use at this time.

Evidence synthesis

Our initial literature search identified 849 studies. After
initial screening, 36 studies were reviewed in full text, and
we included 6 studies™'”""*" in this analysis. Of those, we
identified 3 RCTs.”'"'" Three other studies'”'”*" were
retrospective in nature. All studies assessed patients who
had wunresectable MHO. The primary outcomes of
interest were survival, duration of stent patency, drainage
success, technical success, late stent occlusion, and AEs.
Evidence profile summarizing each outcome based on
GRADE methodology is detailed in Supplemental Table 2
(available online at www.giejournal.org). Forest plots and
funnel plots for each outcome are detailed in
Supplementary Figures 3 and 4 (available online at www.
giejournal.org).

Survival. One RCT by Lee et al'® showed that
bilateral stents were associated with higher survival
compared with unilateral stents (adjusted hazard ratio
[HR], .42; 95% CI, .26-67; P < .01). Evidence was
rated down for imprecision because these are data
from a single study. Further evidence was assessed
from 2 RCTs'"'" and 2 cohort studies.'””’ Median
duration, number of patients, and P-values were used
in the calculation of pooled difference in means. These
studies showed a positive trend toward increased
survival in bilateral stents. Pooled difference in means
was 11 days (CI, —12 to 35; I° = 29% (Supplemental
Fig. 3A). However, this did not reach statistical
significance (P = .35). Evidence was rated down for
imprecision because of assumption of normality in
distribution, so we had very low quality of evidence.

Stent patency. The best evidence of stent patency
came from the RCT by Lee et al.'” In multivariable Cox
proportional hazard modeling assessing stent patency,
the study showed that bilateral SEMS placement was a
favorable factor in stent patency (adjusted HR, .30; 95%
CI, .17-52; P < .001). Evidence was rated down given
that these are data are from a single study, and thus
the quality of evidence was moderate. Another RCT by
Mukai et al,” however, failed to show a difference in
duration of patency (only P-value reported; no HR or
median stent patency was reported). In considering the
evidence from cohort studies, higher rates of patency
were noted in 2 studies: Liberato et al'’ (for SEMS:
HR, 3.69 [95% CI, 2.08-6.57]; for PS: HR, 2.24 [95% CI,
1.18-4.24]) and Naitoh et al’’ (median patency 488
days vs 210 days, P = .009). Iwano et al'’ showed no
difference in median stent patency (129 days vs 133
days, P = .322). Evidence was very low in quality
given the small cohort studies with results that could
not be pooled. Overall median stent patency was
reported in 3 studies.""*’ On meta-analysis, there was
no difference in stent patency (SMD, .38 [95% CI, -.22
to .99]; P = 218, I’ = 78%) (Supplementary Fig. 3B).
Evidence was rated down for imprecision (assumption
of normality), inconsistency (high 7%), and possible
publication bias, thus resulting in very low quality of
evidence.

Success rate. The technical success rate was lower
for bilateral compared with unilateral stents in 2
RCTs'"'" (OR, 39; 95% CI, .17-91; P = .03, I’ =
0%). Evidence was rated down for imprecision given
the low number of events, resulting in moderate
quality of evidence. The same results were true when
evidence from 2 cohort studies'”*’ was included (OR,
38; 95% CI, .18-8; P = .01, I’ = 0%) (Supplementary
Fig. 3C). In most studies, successful drainage was
defined as a reduction in serum bilirubin level by
>75% in 1 month. Based on 2 RCTs,"”'® there was no
difference in drainage success between the 2 groups
(OR, 1; 95% CI, 36-2.76; I* = 59%, P = .117).
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Evidence was also rated down for inconsistency given the
low number of events. Therefore, the quality of evidence
was moderate. These results were consistent when
evidence from 1 cohort study” was included (OR, .99;
95% CI, .46-2.11; I = 23%, P = .97) (Supplementary
Fig. 3D).

Adverse events. Evidence of early AEs, late AEs, and
late stent occlusion relied on 2 RCTs'"'? that were rated
down for low number of events. For early AEs, there was
no difference based on 2 RCTs (OR, .44; 95% CI, .08-
233, P = 331, I = 81%, Q = 5.5) or when adding
evidence from 2 cohort studies (OR, .6; 95% CI, .15-
248, P = 484, I’ = 60%, Q = 7.5) (Supplementary
Fig. 3E). For late AEs, there was no difference between
bilateral and unilateral stents from 2 RCTs (OR, .92; CI,
56-152, I’ = 0%; P = .661) or when adding evidence
from 2 cohort studies (OR, .9; 95% CI, .59-1.38; I* =
0%, P = .63) (Supplementary Fig. 3F). For late stent
occlusion rates, there was no difference between the 2
groups in the RCTs (OR, .80; 95% CI, .45-1.43; P =
45) or when adding evidence from 2 cohort studies
(OR, .76; 95% CI, .44-1.31; P = .33) (Supplementary
Fig. 3G).

Considerations

Cost. The panel discussed that bilateral stent place-
ment would add to the cost of the procedure. However,
the final judgment was that there are negligible costs or
savings for bilateral compared with unilateral stents. There
were no studies to inform cost-effectiveness, and none of
the RCTs discussed cost.

Patient values. At the present time, there are no
data on patient values and preferences. The patient
advocate expressed that most patients would place a
high value on stent patency, because it would require
less-frequent interventions. There was also a high
emphasis on drainage success, because this would facil-
itate the initiation of an appropriate chemotherapeutic
regimen.

Feasibility, acceptability, and equity. The panel
decided that there is probably no impact on equity in using
bilateral compared with unilateral stents. The panel also
decided that using bilateral compared with unilateral stents
is both feasible and acceptable.

Final comments

Traditionally, it is necessary to drain only one-third
of the liver (ie, 1 sector: left, right anterior, or right
posterior). More recent data suggests 50% of the liver
needs to be drained to prevent jaundice. This corre-
sponds anatomically to 2 sectors or about two-thirds
of the liver. All studies reported in our analysis as-
sessed patients with unresectable MHO, which form
most hilar malignancies. Therefore, our recommenda-
tions and discussion were limited to this patient
group. Based on the above evidence and after all con-

siderations, the recommendation was bilateral stent
placement. There was also discussion within the panel
regarding the accuracy of the term “bilateral stent
placement” compared with “multisectoral stent place-
ment” (right anterior, right posterior, or left main
duct).”* Future studies should try to use the term
multisectoral stent placement rather than bilateral
stent placement. Furthermore, the panel also
emphasized the following general guiding principles:
avoid draining atrophic portions of the liver,
minimize injection into nondilated ducts, and attempt
drainage of all injected biliary segments.

Recommendation 3a: In patients with MHO
undergoing preoperative drainage, the panel
suggests against routine use of PTBD as first-
line therapy compared with EBD.

(Conditional — recommendation, Low quality of
evidence).

Recommendation 3b: In patients with unresect-
able MHO undergoing palliative drainage, the
panel suggests EBD or PTBD. The final decision
should be based on patient preferences, disease
characteristics, and local expertise.

(Conditional recommendation, Low quality of evidence)

Summary of evidence and recommendations

Surgical resection of MHO can improve survival and often
includes extended liver and extrahepatic bile duct resec-
tion.”” The optimal modality for drainage in the
preoperative setting is unclear. We identified a systematic
review by Liu et al”° and updated it from 2016 onward.
We only included comparative data from 11 studies.”*"
Three RCTs***7° assessed the use EBD versus PTBD.
The RCT by Coelen et al*” was stopped early because of
higher early mortality in the PTBD group. The only U.S.-
based RCT’® was terminated prematurely because of low
recruitment.

EBD is preferred by patients who generally wish to
avoid external drainage. Yet, EBD has lower technical suc-
cess rates with the occasional need for conversion to
PTBD and higher rates of pancreatitis and cholangitis.
PTBD is associated with a higher success rate combined
with a lower risk of AEs such as pancreatitis. However,
PTBD appears to be associated with higher rates of peri-
toneal metastasis and may be associated with higher post-
procedure mortality and worse survival compared with
EBD. PTBD also involves an external drain (at least
temporarily).

The issue of peritoneal metastasis was key to our final
recommendation. The meta-analysis by Wang et al’’
showed that patients with PTBD were significantly
more likely to have tumor-seeding metastases compared
with EBD. Additionally, Hirano et al*® found that PTBD
was a significant predictor of peritoneal metastases
when controlling for age and tumor stage. Based on
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all considerations, the panel suggested against routine
use of PTBD in resectable patients. In palliative cases,
the issue of peritoneal metastatic becomes less
important, and PTBD or EBD may be used as the initial
approach.

Evidence synthesis

The primary outcomes of interest were survival, post-
procedure mortality, technical success, and adverse out-
comes including tumor seeding and cholangitis. The
evidence profile summarizing each outcome is detailed
in Supplementary Table 3 (available online at www.
gicjournal.org). Forrest plots and funnel plots for each
outcome are detailed in Supplementary Figures 5 and 6
(available online at www.giejournal.org).

Early mortality. Postprocedure (30-day) mortality was
reported in 3 RCTs. There was a trend toward lower mor-
tality in EBD versus PTBD (risk ratio, .53; 95% CI, .28-1.01;
I* = 24%), although this did not reach statistical signifi-
cance (P = .05) (Supplementary Fig. 5A). Evidence was
rated down for the risk of bias given that 2 of 3 RCTs
were terminated early. Thus, we ended up with
moderate certainty of evidence. Postprocedure mortality
was further assessed with evidence from 6 additional
cohort studies.”**7"7 This also showed a trend toward
lower mortality in EBD versus PTBD that also did not
reach statistical significance (risk ratio, .61; 95% CI, .37-
1.01; I = 0%, P = .053). Evidence was rated down for
imprecision given the low number of events, and we
ended up with very low quality in evidence. Stratifying
data by type of patients (preoperative, palliative, or all-
comers) did not impact the results of this analysis.

Long-term survival. Because survival varies between
resectable and nonresectable MHO, the studies were
stratified by population type for this outcome. Hirano
et al™® reported adjusted survival in resectable patients
with MHO. The study reported a significant increase in
survival in EBD compared with PTBD (HR, 2.08; 95%
CI, 1.28-3.71; P = .003). This gave us low quality of
evidence. The median survival from Hirano et al and
Kim et al’' was used to assess pooled mean difference
in survival among patients with resectable MHO. Mean
difference in survival was higher in EBD versus PTBD
(mean difference, 27 months [CI, 14-41]; I* = 0%, P <
.001) (Supplementary Fig. 5B). This was rated down for
assumption of normal distribution. We ended up with
very low quality of evidence. Two studies of
unresectable patients reported patient survival. Median
survival was not different in the RCT by Saluja et al’” or
the cohort study by Paik et al.”*

Peritoneal metastasis and tract seeding. Hirano
et al” reported an adjusted analysis on factors influencing
peritoneal recurrence. When controlling for age and tumor
stage, they found that PTBD was the only independent
factor predictive of the development of peritoneal

recurrence (OR, 6.9; 95% CI, 1.9-25.7; P = .004). This was
rated down because data were from a single study, and thus
the quality of evidence was rated as very low.

We used data from an existing systematic review by
Wang et al’’ assessing metastasis and tube seeding in
patients with MHO. Based on 6 studies, EBD was much
less likely to be associated with seeding metastasis
compared with PTBD (7.8% vs 17.1%; OR, .27; 95% CI,
13-56); I* = 66%, P < .001). Evidence was rated down
for imprecision given the very low number of events and
for inconsistency given the high /%, and thus we had very
low quality of evidence.

Technical success and conversion to another pro-
cedure. The technical success rate was assessed in 1
RCT* and 4*"7°7° cohort studies. Evidence showed
lower technical success rates in EBD compared with
PTBD (OR, .21; 95% CI, .05-85; I* = 59%, P = .0286)
(Supplementary Fig. 5C). Evidence was rated down for
imprecision because of the low number of events, and
thus the quality of evidence was rated as very low.
Conversion to the opposite procedure was assessed in
2 RCTs*"”* showing higher rates of conversion in EBD
(OR, 18.2; 95% CI, 3.1-105.1; I* = 0%, P = .001).
Evidence was rated down for imprecision given the very
low number of events, and thus we had moderate
quality of evidence. Adding evidence from 3
retrospective  studies”"*"?* did not change the final
results (OR, 14.2; 95% CI, 5.4-37.6; I = 0%, P < .001)
(Supplementary Fig. 5D).

Adverse events. Overall AEs were very low in preva-
lence. Therefore, evidence of each outcome was rated
down for imprecision resulting in verylow quality of evidence.
As expected, pancreatitis was more likely in EBD versus
PTBD (OR, 3.69; 95% CI, 120-1133, P = .22)
(Supplementary Fig. SE). There was a trend toward higher
overall AEs and cholangitis in EBD versus PTBD, but this did
not reach significance (OR, 1.8; 95% CI, 1.03-3.13 and OR,
2.04; 95% CI, 1.00-4.14, respectively) (Supplementary Figs.
5F and 5H). Bleeding was more common in PTBD, but this
also did not reach significance (OR, .51; 95% CI, .127-2.01)
(Supplementary Fig. 5G).

Considerations

Cost. The direct costs of EBD and PTBD may be com-
parable. However, patients often do not need general anes-
thesia when PTBD is performed. The panel judgment
believed there was probably negligible cost or cost-
savings from EBD compared with PTBD. The data on
cost-effectiveness of EBD versus PTBD are limited. One
study”® from Thailand assessed EBD versus PTBD in
palliation of MHO and found that EBD was more cost-
effective than PTBD, assuming that the willingness to pay
is higher than $19,403 for each quality of life-year gained.
The panel discussed that generalizability to the United
States may be limited.

230 GASTROINTESTINAL ENDOSCOPY Volume 94, No. 2 : 2021

www.giejournal.org


http://www.giejournal.org
http://www.giejournal.org
http://www.giejournal.org
http://www.giejournal.org

Role of endoscopy in MHO management

Patient values. Saluja et al’” assessed the quality of life
in patients with EBD versus PTBD in India using 3 various
scores. Unfortunately, the numbers were very small, thus
precluding strong conclusions. A study by Nam et al’”
showed that in failed ERCP, most of the 313 patients
(>85%) who filled out the survey preferred EUS-guided
biliary drainage compared with PTBD. The patient advo-
cate, who was present during the entire presentation,
emphasized that many patients view the external drain
negatively and it can be a constant reminder of their dis-
ease. She also noted that having an external drain becomes
a management challenge for patients and caregivers.
Regarding patients with tumor seeding at the PTBD tube
site, the patient advocate expressed the negative psycho-
logical impact of seeing local recurrence at the site of the
percutaneous tube.

Feasibility, acceptability, and equity. The panel
perceived no issues with regard to equity in performing
EBD versus PTBD. The panel found both EBD and PTBD
to be feasible and acceptable.

Final comments

One of the driving factors in the panel’s decision was
the increased risk of peritoneal metastases in PTBD as
identified by the meta-analyses by Wang et al.”” This was
further supported by the study by Hirano et al.”® In
palliative cases, where peritoneal recurrence or tumor
seeding may not be deciding factors, the final vote
among the panel members was to provide a conditional
recommendation for the use of PTBD or EBD as first-line
options based on patient preference and available
resources.

GENERAL CONCEPTS

In addition to addressing the above questions, the panel
has also provided general concept statements in managing
these patients. No systematic reviews were conducted for
these statements, and they represent expert opinions of
this multidisciplinary panel (Table 2).

A subset of patients undergo liver transplant for MHO.
In such cases, general guiding principles include avoiding
EUS with FNA of the lesion; avoiding uncovered SEMSs,
which may be difficult to remove surgically; and avoiding
PTBD because of the same concerns of seeding as already
discussed.

FUTURE DIRECTIONS

This document clearly highlights several gaps in our
understanding of the management of MHO. Given the
uncertainties outlined above, high-quality randomized
and observational data are needed to strengthen exist-
ing recommendations and to provide evidence-based

guidance in other areas. Regarding the 3 questions ad-

dressed in this document, all recommendations are

conditional and are based on low-quality evidence.

Therefore, additional rigorous investigation addressing

prosthesis selection and drainage strategies remains

necessary. Below is a brief outline of areas of research
that would highly enrich future guideline development
on the subject of management of MHO:

e U.S.-based clinical trials: Randomized comparisons of
SEMSs versus PSs for MHO would ideally mirror com-
mon clinical approaches in both arms, including the
routine exchange of PSs, use of smaller-caliber SEMSs
when necessary, and establishment of adequate
drainage with PSs before randomization to SEMSs
versus PSs. Although challenging, research in this area
should also consider the impact of prosthesis selection
on intraductal ablative therapies. Similarly, given our
emerging understanding of volumetric liver assessment
and the implications of sectoral anatomy, research on
stent placement in MHO should aim to elucidate
whether strategies focused on sectoral drainage should
replace the traditional unilateral versus bilateral
drainage paradigm. As a panel, we encourage participa-
tion in future RCTs addressing these critical questions,
when they become available.

e Improving study design for stent type: A major limita-
tion we found in answering the first question (stent
type) was that the existing RCTs did not schedule pa-
tients for stent exchanges on a regular basis in the PS
group. Future RCTs should ideally compare SEMSs
versus regularly replaced PSs; this mirrors clinical prac-
tice and should be reflected in future RCT designs.

e EBD versus PTBD: The question of EBD versus PTBD
remains a fundamental unanswered controversy in clin-
ical practice. As mentioned above, a recent U.S.-based
randomized trial was terminated because of prohibi-
tively slow accrual. The investigators recommended
several research objectives to improve clinical
decision-making in this area and to increase the success
of a future randomized trial: (1) to better estimate the
fraction of PTBD and EBD patients who experience a
reduction in bilirubin to a level permitting chemo-
therapy (important for RCT sample size estimation),
(2) to define nonlaboratory patient-centered outcomes
that can serve as endpoints in an RCT and may ulti-
mately prove more important in the management of
this patient population, and (3) to elucidate patient
and stricture characteristics that predict preferential
response to EBD versus PTBD.

e Intraductal therapy: Another major priority area for
investigation in MHO is the benefit and optimal appli-
cation of intraductal radiofrequency ablation and/or
photodynamic therapy in the treatment of unresect-
able patients. Additionally, whether the most benefit
is realized as a 1-time intervention at the time of initial
stent placement or whether there is incremental value
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in serial treatments at the time of routine stent ex-
change remains unclear.

e Patient values: The issue of patient values and prefer-
ences continues to be a major deficiency in several
GI interventions including the management of MHO.
We tried to mitigate this by having a patient represen-
tative on our panel. However, this is not a substitute
for conducting high-quality studies on how patients
value these various treatment options and what can
be done to incorporate such values and preferences
into our guidelines.

e Cost-effectiveness: For all 3 topics, minimal data are
available on cost-effectiveness to inform panel discus-
sions. In making any guideline recommendation, panels
need to assess the cost and cost-effectiveness of 1
approach compared with another. Such modeling
studies can be done with relatively modest financial re-
sources and will highly enrich future guideline
recommendations.

e EUS-guided biliary drainage: Although this topic was not
specifically addressed in this guideline document, there
is much interest in the role of EUS to drain patients if
standard ERCP cannulation could not be achieved.
Further RCT on the utility of EUS-guided biliary drainage
compared with PTBD in patients with failed cannulation
will be helpful for future guideline development.

SUMMARY AND CONCLUSIONS

In this document, the ASGE offers evidence-based,
clinically relevant, practical guidelines addressing man-
agement of MHO. This guideline followed the GRADE
methodology. The final recommendations offer guid-
ance on stent type, drainage strategy, and drainage
modality along with key clinical concepts in the man-
agement of patients with MHO. Furthermore, the
guideline provides a visual representation of the rec-
ommendations, which is aimed at making these recom-
mendations easier to understand and disseminate. We
believe that this process will help mitigate some of
the challenges in dealing with MHO and will hopefully
result in an improvement in patient quality of life and
outcomes.

GUIDELINE UPDATE

ASGE guidelines are reviewed for updates approxi-
mately every 5 years, or in the event that new data may in-
fluence a recommendation. Updates follow the same ASGE
guideline development process.
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controlled trial; SEMS, self-expandable metal stent; SBS, stent-by-stent;
SIS, stent-in-stent; SMD, standardized mean difference
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APPENDIX. SEARCH STRATEGY FOR PICO 1 MEDLINE® Daily and Ovid MEDLINE® 1946-Present, Em-

AND PICO 2

Search date: September 7, 2019

Limits: Human, English

Databases searched: Ovid MEDLINE: Epub Ahead of  notes
Print, In-Process & Other Non-Indexed Citations, Ovid

base Classict+Embase 1947 to 2019; Wiley Cochrane

Excluded: Case reports, comments, editorials, letters,

OVID MEDLINE(R), EMBASE

# Searches Results
1 *Bile Duct Neoplasms/ use ppez 11140
2 *bile duct tumor/ use emczd 4131
3 exp Cholangiocarcinoma/ use ppez 8663
4 exp klatskin tumor/ use emczd 820
5 ((hilar or perihilar or klatskin) adj2 (carcinoma* or adenoma* or adenocarcinoma* or neoplasm* or tumor* or tumour* or 7398
cholangiocarcinoma* or malignanc* or stricture* or obstruction or occlusion or stenos or constriction or blockage)).ti,ab,kf,kw.
6 or/1-5 23658
7 exp Stents/ use ppez or exp Stent/ use emczd 240788
8 exp Drainage/ use ppez 57353
9 exp biliary tract drainage/ use emczd 22931
10 (stent* or sems or drainage or endoprosthes*).ti,ab,kf kw. 477976
11 or/7-10 570546
12 6 and 11 4322
13 animals/ not (humans/ and animals/) 5961985
14 12 not 13 4317
15 limit 14 to english language 3562
16 limit 15 to (case reports or comment or editorial or letter or note) [Limit not valid in Ovid MEDLINE(R),Ovid MEDLINE(R) Daily 490
Update,Ovid MEDLINE(R) In-Process,Ovid MEDLINE(R) Publisher,Embase; records were retained]

17 Case Report/ 4544436
18 15 not (16 or 17) 2705
19 remove duplicates from 18 2096
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WILEY COCHRANE

ID Search Hits
#1 MeSH descriptor: [Bile Duct Neoplasms] explode all trees 212
#2 MeSH descriptor: [Cholangiocarcinoma] explode all trees 178
#3 MeSH descriptor: [Klatskin Tumor] explode all trees 16
#4 ((hilar or perihilar or klatskin) NEAR/2 (carcinoma* or adenoma* or adenocarcinoma* or neoplasm* or tumor* or tumour* or 165
cholangiocarcinoma* or malignanc* or stricture* or obstruction or occlusion or stenos or constriction or blockage)):ti,ab
#5 #1 or #2 or #3 or #4 440
#6 MeSH descriptor: [Stents] explode all trees 4003
#7 MeSH descriptor: [Drainage] explode all trees 2667
#8 (stent* or sems or drainage or endoprosthes®):tiab 20532
#9 #6 or #7 or #8 22066
#10 #5 AND #9 187
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APPENDIX. SEARCH STRATEGY FOR PICO 3

Databases searched: Ovid MEDLINE: Epub Ahead of

MEDLINE® Daily and Ovid MEDLINE® 1946-Present, Em-

base Classic+Embase 1947 to 2019; Wiley Cochrane
Search date: September 7, 2019 Limits: Human, English

Print, In-Process & Other Non-Indexed Citations, Ovid notes

Excluded: Case reports, comments, editorials, letters,

Ovid MEDLINE(R), Embase

# Searches Results
1 *Bile Duct Neoplasms/ use ppez 11140
2 *bile duct tumor/ use emczd 4131
3 exp Cholangiocarcinoma/ use ppez 8663
4 exp klatskin tumor/ use emczd 820

5 ((hilar or perihilar or klatskin) adj2 (carcinoma* or adenoma* or adenocarcinoma* or neoplasm* or tumor* or tumour* or 7398

cholangiocarcinoma* or malignanc* or stricture* or obstruction or occlusion or stenos or constriction or blockage)).ti,ab,kf,kw.
6 or/1-5 23658
7 exp Cholangiography/ use ppez or exp percutaneous transhepatic cholangiography/ use emczd 29572
8 (percutaneous adj3 (cholangiography or drainage)).ti,ab,kf kw. 20729
9 (PTC or ptbd).ti,ab,kf kw. 25817
10 or/7-9 70893
1 6 and 10 2704
12 animals/ not (humans/ and animals/) 5961985
13 11 not 12 2704
14 limit 13 to english language 2201
15 limit 14 to (case reports or comment or editorial or letter or note) [Limit not valid in Ovid MEDLINE(R),Ovid MEDLINE(R) Daily 577
Update,Ovid MEDLINE(R) In-Process,Ovid MEDLINE(R) Publisher,Embase; records were retained]

16 Case Report/ 4544436
17 14 not (15 or 16) 1520
18 remove duplicates from 17 1321
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Wiley Cochrane

#1 MeSH descriptor: [Bile Duct Neoplasms] explode all trees 212
#2 MeSH descriptor: [Cholangiocarcinoma] explode all trees 178
#3 MeSH descriptor: [Klatskin Tumor] explode all trees 16

#4 ((hilar or perihilar or klatskin) NEAR/2 (carcinoma* or adenoma* or adenocarcinoma* or neoplasm* or tumor* or tumour* or 165

cholangiocarcinoma* or malignanc* or stricture* or obstruction or occlusion or stenos or constriction or blockage)):ti,ab

#5 #1 or #2 or #3 or #4 440
#6 MeSH descriptor: [Cholangiography] explode all trees 738
#7 (percutaneous NEAR/3 (cholangiography or drainage)):ti,ab 363
#8 (PTC or ptbd):ti,ab 523
#9 #6 or #7 or #8 1546
#10 #5 and #9 64
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Study name Subgroup within study
Mua 2013 RCT

Sagaden012 RCT

Rgu2011 Retro

Gao 2017 Refro

Inesak 2018 Retro

A

Study name Subgroup within study
Muai 2013 RCT

Sangchen 2012 RCT

Liberao 2012 Refro

Rgu2011 Retro

Gao 2017 Rero

wesad 2018 Refro

Cha 2019 Retro

B

Statistics for each study Difference in means and 95% CI
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in means limit limit P Value
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Plastic SEMS
Statistics for each study Std diff in means and 95% CI
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Plastic SEMS

Supplementary Figure 1. Forest plots of effect estimates comparing SEMSs with plastic stents for the following outcomes: (A) difference in mean sur-
vival (days), (B) standard mean difference for improvement in stent patency, (C) odds of reintervention, (D) odds of insertion success, (E) odds of
drainage success, (F) odds of 30-day mortality, and (G) odds of cholangitis. CI, Confidence interval; RCT, randomized controlled trial; SEMS, self-
expanding metal stent.
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Study name  Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit P Value

Muiai 2013 RCT 029 o0 08 @@ —l—
Sagden2012  RCT 051 016 164 258 —B—
W\egner 193 RCT 018 o 134 04 =

0% 016 QM 004
librdo202  Retro 05 017 0¥ 0O B
Rgu2011 Retro 02 0B 2% 297 =
Gao 2017 Retro 086 09 23 780 ——
Iwasaki 2018 Refro 036 013 0% 00 ——
Chai 2019 Retro 004 000 06 @5

033 018 061 000

033 021 053 000

0.01 0.1 1 10 100
C Plastic SEMS
Study name Statistics for each study Odds ratio and 95%CI
Odds Lower Upper
ratio limit limit P Value
Mukai 2013 1.00 0.00 6502.04 1.00 Eﬁ
Sangchan 2012  7.83 0.94 65.14 .06 [}
Wagner 1993 1.22 0.00 8205.41 .96 [j
6.38 0.86 47.45 .07 "
0.01 0.1 1 10 100

Favours Plastic

Supplementary Figure 1. Continued.
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Study name Subgroup within study  Statistics for each study Odds ratio and 95%CI
Odds Lower Upper
ratio limit  limit P Value
Sangchan 2012 RCT 276 125 6.08 .012 -.-
Liberato 2012 Retro 949 330 2735  .000 -
Raju 2011 Retro 1.41 023 8.81 .715
Gao 2017 Retro 090 012 6.83 .916
Choi 2019 Retro 1.06 006 17.56 .969
282 119 6.69 .019

0.01 01 1 10 100

E Plastic SEMS
Study name Subgroup within study Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper

ratio limit  limit P Value

Mukai 2013 RCT 0.72 0.15 3.5 .688

Sangchan 2012 RCT 0.63 0.27 1.47 .289

Wagner 1993 RCT 0.82 0.00 5470.50 .964
0.65 0.31 1.37 .261 |

0.01 0.1 1 10 100
12=0%
F Plastic SEMS
Study name Subgroup within study Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper
ratio limit limit ZValue P Value
Sangchan 2012 RCT 1.000 0414 2416 0000  1.000
Liberato 2012 Retro 0.121 0.065 0.223 -6.762 .000 .
Raju 2011 Retro 0532 0.047 6.062 -0.508 .611 —
Gao 2017 Retro 0750 0.25% 2193 -0.525 .599
0444 0123 1.608 -1.236 .216 |
12=83%
G 0.01 0.1 1 10 100

Supplementary Figure 1. Continued.
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Supplementary Figure 2. Funnel plots for outcomes of (A) survival, (B) stent patency, (C) reintervention, (D) insertion success, (E) early stent occlu-
sion, (F) 30-day mortality, and (G) cholangitis.
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Study name Statistics for each study Difference in means and 95% CI
Cnmeans  hmt  hmit P Value
Lee 2017 92 0 184 .05 !
De Palma 2001 2 4 8 48
lwano 2011 14 26 54 49
Naitoh 2009 39 91 169 .56 -
11 12 35 .35 |
A -200.00 -100.00 0.00  100.00  200.00
Study name Statistics for each study Std diff in means and 95% ClI
Std diff Lower  Upper
in means limit limit P Value
Lee 2017 058 024 093 001 B
Iwano 2011 026 078 025 320 —-
Naitoh 2009 0.83 0.21 1.46 .009 —.—
0.38 -0.22 0.99 218 |
B -200 -1.00 0.00 1.00 2.00
Group by Study name  Subgroup within study Statistics for each study 0dds ratio and 95% Cl

Subgroup within study Sfis I 0
s Lower Upper
ratio  limit  limit P Value

RCT Les 2017 RCT % oot o 1o »

RCT DePdmaz0l  RCT W 0k e -

RCT 0® o 09 ®

Retro w0211 Rero 48 07 2B 39 B

Refro Ndtch20  Rero 02 00 45 =

Refro 0% 0 1B 1

Oerdl 038 08B 00 O

C 0.01 0.1 1 10 100

Supplementary Figure 3. Forest plots of effect estimates comparing bilateral stents with unilateral stent for the following outcomes: (A) difference in
mean survival (days), (B) standard mean difference in stent patency (days), (C) odds technical success, (D) odds of drainage success, (E) odds of early
adverse events, (F) odds late adverse events, and (G) odds of late stent occlusion. CI, Confidence interval; RCT, randomized controlled trial; SEMS, self-
expanding metal stent.
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Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z-Value P Value

Lee 2017 1.815 0620 5320 1.087 277

De Palma 2001 0.636 0.300 1.350 -1.178 .239

Naitoh 2009 1.563 0.091 26.796  0.308 .758 ™
0987 0462 2107 -0.035 972 ‘ _ ‘

D 0.01 0.1 1 10 100
Study name  Subgroup within study Comparison Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit  limit P Value
Lee 2017 RCT savs 018 006 0% 0B ——
DePdma2001  RCT Plastic 08 040 2B an
04 0B 23 331
a0 Rero savs 0% 0@ 70  4® B
Neth209  Rero savs 521 0% 1758 %6 B
1% 010 18 &5
060 015 248 484 :

0.01 0.1 1 10 100

Supplementary Figure 3. Continued.
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Study name  Subgroup within study Statistics for each study
Odds Lower Upper
ratio  limit  limit P Value
Lee 2017 RCT 089 045 177 74
DePdma2001  RCT 0% 046 19 91
02 0% 182 75
wano 2011 Retro 106 036 314 KB
Naitoh 2009 Retro 064 018 22 48
08 037 198 ®
090 0% 1.3 83
F
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Supplementary Figure 3. Continued.
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Funnel Plot of Standard Error by Difference in means
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Supplementary Figure 4. Funnel plots for outcomes of (A) survival (days), (B) stent patency (days), (C) technical success, (D) drainage success, (E)
early adverse events, (F) late adverse events, and (G) late stent occlusion.
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Study name

Coelen RJ, 2018

Saluja SS, 2008

Subgroup within study

Preoperative

Palliative

Elmunzer BJ, in press All comers

Statistics for each study
Risk Lower Upper
ratio  limit  limit P Value
0.27 0.09 0.87 .028
2.00 019 2077 .562
0.63 0.28 1.42 .261
0.53 0.28 1.01 .052

A
Study name Statistics for each study
Difference Lower  Upper
in means limit limit P Value
Hirano, S 2014 28 14 42 .000
Kim KM, 2015 2 -74 78 .959
27 14 41 .000
B
Study name Subgroup within study Statistics for each study
Odds Lower Upper
ratio limit limit P Value
Kloek, JJ 2010 Preoperative 0.18 0.01 3.25 2470
Kim KM, 2015  Preoperative 0.95 044 2.08 8982
Walter T, 2013  All comers 0.09 0.01 0.68 ,.0196
Piak, WH 2009 Palliative 0.04 0.00 0.70 .0276
Saluja, 2008 Palliative 0.17 0.02 1.56 1169
0.21 0.05 0.85 0286
C

Risk ratio and 95% Cl

+——
=
I
0.01 0.1 1 10 100
Difference in means and 95%¢Cl
-
I
-80.00 -40.00 0.00 40.00 80.00
Odds ratio and 95%Cl
L
L
i
I
0.01 0.1 1 10 100

Supplementary Figure 5. Forest plots of effect estimates comparing endoscopic biliary drainage with percutaneous transhepatic biliary drainage for the
following outcomes: (A) risk of postprocedure mortality, (B) mean difference of survival, (C) odds of technical success, (D) conversion to opposite pro-
cedure, (E) odds pancreatitis, (F) odds of overall adverse events, (G) odds of bleeding, and (H) and odds of cholangitis. CI, Confidence interval; RCT,
randomized controlled trial.
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Group by Studyname Subgroup within study Statistics for each study Odds ratio and 95% Cl
StudyType
Odds Lower Upper
ratio  limit  limit Z-Value P Value

RCT CoelenRJ,2018  Preoperative 25 38 2753 32 .001 —+
RCT Sdlija SS, 2008 Palliative 54 02 1178 11 284 .
RCT 181 31 1061 32 .001
Retro KimKM, 2015 Preoperative 91 28 27 37 .000 —-—
Retro Kawelami H, 2011  Preoperative 1.9 03 1912 12 25 i
Refro Walter T, 2013 Al comers 87.0 52 14577 31 .002 ——-
Retro 128 40 411 43 .000
Overall 14.2 54 376 54 .000 :
D 0.01 0.1 1 10 100
Study name Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit  limit P Value
Jo JH, 2017 Preoperative 1549 084 284.37 .065 N
Hrano, S 2014 Preoperative 6.61 034 130.34 215 B
Kloek, JJ 2010 Preoperative 207 011 3862 627 i
KimKM 2015 Preoperative 3345 189 59203 017 ——
KawakamiH 2011  Preoperative 746 029 19118 225 i
Walter T, 2013 All corrers 046 009 240 .361 .
Flak, WWH 2009 Paliative 48 023 10479 311 |
Lee SH, 2007 Paliative 300 018 4932 442 1
369 120 1133 022 |
E 0.01 0.1 1 10 100
Study name Subgroup within study Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper
ratio limit limit P Value
Coelen RJ, 2018 Preoperative 118 038 360 776 —.—
Jo JH, 2017 Freoperative 194 078 479 152 Hl}-
KmKM, 2015 Preoperative 411 178 95 001 -
KawakamiH 2011 Preoperative 409 136 1231 02 ——
Walter T, 2013 All comers 1.01 044 234 976
Plak, \WH2009 Palliative 090 036 227 829
180 103 313 038
F 0.01 0.1 1 10 100

Supplementary Figure 5. Continued.
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Study name Subgroup within study Statistics for each study Odds ratio and 95%Cl
Odds Lower Upper
ratio  limit limit P Value
Kloek, JJ2010  Preoperative 0.039 0.001 1.011 051 B
KimKM, 2015  Preoperative 4463 0449 44409 202 -
Walter T, 2013  All comers 0477 0029 7814 604 .
Piak, WH2009 Palliative 0.178 0.008 3.811 269 B
Lee SH,2007  Palliative 0563 0.117 2706 473 —.-—
0505 0.127 2.009 332 |
G 0.01 0.1 1 10 100
Study name Subgroup within study Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper
ratio  limit limit Value
CoelenRJ, 2018 Preoperative 040 014 121 105 ——
JoJH 2017 Preoperative 206 072 58 178 i
Hrano, S 2014 Preoperative 063 025 162 .34 —-
Kloek, JJ 2010 Preoperative 915 112 7447 .039 ]
KimKM 2015 Preoperative 6.51 217 1960 .001 —.-—
KawakamiH 2011  Preoperative 1597 433 5887 .000 —-.—
Walter T, 2013 All coners 124 0.51 3.00 631
Fak, VWH 2009 Palliative 149 05 398 426 1
Lee SH 2007 Paliative 178 073 433 206 -
204 100 414 .050

H 0.01 0.1 1 10 100

Supplementary Figure 5. Continued.
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Supplementary Figure 6. Funnel plots for outcomes of (A) postprocedure mortality, (B) technical success, (C) conversion to opposite procedures, (D)

pancreatitis, (E) overall adverse events, (F) bleeding, and (G) cholangitis.
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SUPPLEMENTARY TABLE 1. Evidence profile for use of SEMSs compared with PSs in patients with unresectable malignant hilar obstruction

Certainty assessment

No. of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations
Survival: RCT
2 Randomized trials Serious* Not serioust Not serious Not serious: None
Survival: 2 RCTs + 3 cohort
5 Observational studies Serious* Not serious Not serious Not serious None
Stent patency: RCT

2 Randomized trials Serious* Not serious Not serious Not serious None
Stent patency: 2 RCTs + 4 cohort

7 Observational studies Serious* Not serious Not serious Not serious None

Insertion success

3 Randomized trials Not serious Not serious Not serious Serious§ None
Drainage success: 1 RCT, 4 cohort

5 Observational studies Not serious Not serious Not serious Not serious None

Al
Reintervention: RCT

3 Randomized trials Not serious Not serious Not serious Serious§ None
Reintervention: 3 RCTs + 4 cohort

7 Observational studies Not serious Not serious Not serious Not serious None

30-day mortality
3 Randomized trials Not serious Not serious Not serious Serious§ None
Cholangitis: 1 RCT, 3 cohort
4 Observational studies Not serious Serious’ Not serious Serious§ Publication bias

strongly suspectedq

Cl, Confidence interval; SMD, standardized mean difference; SD, standard deviation; OR, odds ratio; SEMS, self-expanding metal stent; PS, plastic stent; RCT, randomized

controlled trial.

“Rated down because we assumed normal distribution and used medians as means.

P = 0.99%.

Two studies (Mukai et al* and Sangchan et al®) with a low number of patients.

&
*Small number of events.

YAsymmetry in funnel plot.

2 = 83%.
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SUPPLEMENTARY TABLE 1. Continued

No. of patients

Effect

SEMSs PSs Relative (95% Cl) Absolute (95% Cl) Certainty Importance
Difference in mean (median) survival 56 days (range, 12-101) (G @) CRITICAL
MODERATE
Difference in mean 33 day (range, -3 to 69) SO00 CRITICAL
VERY LOW
462 147 = SMD .864 SD higher (.547 DDDO CRITICAL
higher to 1.18 higher) MODERATE
1385 561.2 — SMD .639 SD more (457 S0O00 CRITICAL
more to .821 more) VERY LOW
86/87 (98.9%) 85/93 (91.4%) OR 6.38 (.86-47.45) 71 more per 1000 (from SDDO CRITICAL
13 fewer to 84 more) MODERATE
393/417 342/404 (84.7%) OR 2.82 (1.19-6.69) 93 more per 1000 (from &DO0O CRITICAL
(94.2%) 21 more to 127 more) LOW
19/95 (20.0%) 35/93 (37.6%) OR .34 (.16-.70) 206 fewer per 1000 (from (G @) CRITICAL
288 fewer to 79 fewer) MODERATE
172/398 254/363 (70.0%) OR .33 (.21-.53) 265 fewer per 1000 (from SDO0O CRITICAL
(43.2%) 371 fewer to 147 fewer) LOW
16/99 (16.2%) 22/99 (22.2%) OR .65 (.31-1.37) 66 fewer per 1000 (from SBDO CRITICAL
141 fewer to 59 more) MODERATE
24/322 (7.5%) 82/287 (28.6%) OR .440 (.123-1.608) 136 fewer per 1000 (from S0O00 IMPORTANT
239 fewer to 106 more) VERY LOW
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SUPPLEMENTARY TABLE 2. Evidence profile for use of bilateral stents compared with unilateral stents in patients with unresectable malignant hilar obstruction

Certainty assessment

No. of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations
Survival: adjusted RCT
1 Randomized trials Not serious Not serious Not serious Serious* None
Survival: overall (2 RCTs + 2 cohort)
4 Observational studies SeriousT Not serious Not serious Not serious None
Duration of patency: adjusted, RCT
1 Randomized trials Not serious Not serious Not serious Serious* None
Duration of patency: unadjusted RCT
1 Randomized trials Serious? Not serious Not serious Serious* None
Duration of patency: unadjusted retrospective
3 Observational studies Not serious Not serious Not serious Serious* None
Duration of patency: 1 RCT + 2 cohort
3 Observational studies Not serious Serious§ Not serious Serious* Publication bias
strongly suspectedq
Late adverse events
2 Randomized trials Not serious Not serious Not serious Serious* None
Successful drainage: RCTs
2 Randomized trials Not serious Not serious Not serious Serious* None
Successful drainage: overall (2 RCTs + 1 cohort)
3 Observational studies Not serious Not serious Not serious Serious* None
Technical success: RCTs
2 Randomized trials Not serious Not serious Not serious Serious" None€
Technical success: overall (2 RCT + 2 cohort)
4 Observational studies Not serious Not serious Not serious Serious* None
Late stent occlusion: RCT
2 Randomized trials Not serious Not serious Not serious Serious* None
Late stent occlusion: overall (2 RCTs + 2 cohort)
4 Observational studies Not serious Not serious Not serious Serious* None
Early adverse event
2 Randomized trials Not serious Serious§ Not serious Serious* None

Cl, Confidence interval; MD, mean difference; HR, hazard ratio; OR, odds ratio; SEMS, self-expanding metal stent; PS, plastic stent; RCT, randomized controlled trial.

“Low number of events.

fAssumed normal distribution.

*Unadjusted (compared with RCT with adjusted HR).

5d. High .

Ywide confidence intervals.

"Based on funnel plot.
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SUPPLEMENTARY TABLE 2. Continued

No. of patients Effect
Bilateral stent placement Unilateral stent placement Relative (95% CI) Absolute (95% Cl) Certainty Importance
Lee at al'® showed survival benefit for bilateral drainage when adjusting for covariates: HR = .415 (.259-.666) SDD0O CRITICAL
MODERATE
701 624 = MD 11 days higher (12 @0OOCO IMPORTANT
lower to 35 higher)  VERY LOW
Lee et al. bilateral SEMS was positively associated with stent patency: SDDO CRITICAL
Adjusted HR .30 (.172-0.521), P < .001. MODERATE
Mukai et al’: No difference in patency period P = .3477 SDOCO  IMPORTANT
Median not reported LOW
Liberato et al'® (SEMS): HR, 3.69 (2.08-6.57) @000 IMPORTANT
Liberato et al'® (PS): HR, 2.24 (1.18-4.24) VERY LOW
Naitoh et al”*® (SEMS): .006
Iwano et al'® (SEMS): .322
115 146 — MD 96 days higher 29 @©0O0O(Q  CRITICAL
lower to 220 higher)  VERY LOW
33/83 (39.8%) 31/80 (38.8%) OR .92 (.56-1.52) 20 fewer per 1000 (from  ©DDO) CRITICAL
126 fewer to 103 more) MODERATE
118/145 (81.4%) 120/145 (82.8%) OR 1.00 (.36-2.76) 0 fewer per 1000 (from  ©®HO CRITICAL
194 fewer to 102 more) MODERATE
143/171 (83.6%) 126/163 (77.3%) OR .99 (46-2.11) 2 fewer per 1000 (from  ©0OQOCO IMPORTANT
163 fewer to 105 more) VERY LOW
124/145 (85.5%) 136/145 (93.8%) OR .39 (.17-91) 83 fewer per 1000 (from @SB CRITICAL
218 fewer to 6 fewer) MODERATE
167/193 (86.5%) 213/226 (94.2%) OR .38 (.18-.80) 81 fewer per 1000 (from @©OCOC IMPORTANT
196 fewer to 13 fewer) VERY LOW
33/83 (39.8%) 31/80 (38.8%) OR 1.17 (.45-3.04) 38 more per 1000 (from SDDO CRITICAL
166 fewer to 270 more) MODERATE
47/131 (35.9%) 68/160 (42.5%) OR .92 (.40-2.09) 20 fewer per 1000 (from @©OOCO IMPORTANT
197 fewer to 182 more) VERY LOW
15/124 (12.1%) 31/136 (22.8%) OR .44 (.08-2.23) 113 fewer per 1000 (from  &SOO CRITICAL

205 fewer to 169 more) LOW
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SUPPLEMENTARY TABLE 3. Evidence profile for EBD compared with PTBD in patients with malignant hilar obstruction

Certainty assessment

No. of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations
Mortality: RCT
3 Randomized trials Not serious Not serious Not serious Serious” None
Mortality: all studies
9 Observational studies Not serious Not serious Not serious Serioust None
Survival: resectable patients, adjusted

1 Observational studies Not serious Not serious Not serious Not serious None
Survival: resectable, unadjusted

2 Observational studies Not serious Not serious Not serious Serious{’t None

Technical success
5 Observational studies Not serious Not serious§ Not serious Serioust None
l

Peritoneal recurrence: adjusted

1 Observational studies Not serious Not serious Not serious Serious* None

Peritoneal metastasis and tube seeding
6 Observational studies Not serious Serious' Not serious Serioust None
Overall adverse events
6 Observational studies Not serious Not serious Not serious Serioust None
Cholangitis
9 Observational studies Not serious Serious" Not serious Not serious Publication bias
strongly suspectedq
Pancreatitis
8 Observational studies Not serious Not serious Not serious Serioust None
Bleeding

5 Observational studies Not serious Not serious Not serious Serioust None
Conversion to another drainage

4 Observational studies Not serious Not serious Not serious Serioust None

Cl, Confidence interval; EBD, endoscopic biliary drainage; PTBD, percutaneous transhepatic biliary drainage; MD, mean difference; HR, hazard ratio; OR, odds ratio; RCT,

randomized controlled trial.
“One study only.

fLow number of events.
fNormal distribution assumed.
5P = 59%.

Y0n funnel plot.

"High 12,
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SUPPLEMENTARY TABLE 3. Continued

No. of patients Effect
EBD PTBD Relative (95% CI) Absolute (95% CI) Certainty Importance

9/62 (14.5%) 17/59 (28.8%) Risk ratio .53 (.28-1.01) 14 fewer per 100 (from 21 fewer to 0 fewer) (G @) CRITICAL
MODERATE

18/363 (5.0%) 32/421 (7.6%) Risk ratio .61 (.35-1.01) 30 fewer per 1000 (from 49 fewer to 1 more) 000 CRITICAL
VERY LOW

Adjusted HR, 2.075 (1.279-3.709), P = .003 dDO0O CRITICAL

LOW

118 129 = MD 27 months higher (14 higher to 41 higher) SO00 CRITICAL
VERY LOW

222/292 155/183 (84.7%) OR .21 (.05-.85) 309 fewer per 1000 (from 630 fewer to 22 fewer) 000 CRITICAL
(76.0%) VERY LOW
3/74 (4.1%) 17/67 (25.4%) OR 6.9 (1.9-25.7) 447 more per 1000 (from 139 more to 644 more) ®O00
VERY LOW

64/649 (9.9%) 138/716 (19.3%) OR .27 (.13-.56) 132 fewer per 1000 (from 163 fewer to 75 fewer) SOO00 CRITICAL
VERY LOW

109/264 82/263 (31.2%) OR 1.80 (1.03-3.13) 137 more per 1000 (from 6 more to 275 more) SOO00 CRITICAL
(41.3%) VERY LOW

148/462 83/441 (18.8%) OR 2.04 (1.00-4.14) 133 more per 1000 (from O fewer to 302 more) D000 CRITICAL
(32.0%) VERY LOW

32/435 (7.4%) 4/414 (1.0%) OR 3.69 (1.20-11.33) 25 more per 1000 (from 2 more to 90 more) SOO00 CRITICAL
VERY LOW

6/299 (2.0%) 15/256 (5.9%) OR .505 (.127-2.009) 28 fewer per 1000 (from 51 fewer to 53 more) 000 IMPORTANT

VERY LOW

77/178 5/179 (2.8%) OR 14.590 (5.759-36.975) 267 more per 1000 (from 114 more to 487 more) D000 CRITICAL
(43.3%) VERY LOW
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