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This guideline document was prepared by the Stan-
davds of Practice Committee of the American Society for
Gastrointestinal Endoscopy using the best available scien-
tific evidence and considering a multitude of variables
including but not limited to adverse events, patient values,
and cost implications. The purpose of these guidelines is to
provide the best practice recommendations that may help
standardize patient care, improve patient outcomes, and
reduce variability in practice. We recognize that clinical
decision-making is complex. Guidelines therefore are not
a substitute for a clinician’s judgment. Such judgements
may at times seem contradictory to our guidance because
of many factors that are impossible to fully consider by
guideline developers. Any clinical decisions should be
based on the clinician’s experience, local expertise,
resource availability, and patient values and preferences.
This document is not a rule and should not be construed as
establishing a legal standard of care or as encouraging,
advocating for, mandating, or discouraging any partic-
ular treatment. Our guidelines should not be used in sup-
port of medical complaints, legal proceedings, andjor
litigation, as they were not designed for this purpose.

Each year in the United States, pancreatic cancer is diag-
nosed in 62,200 individuals and causes the death of 48,800
people, positioning pancreatic cancer as the second most
common GI malignancy and third leading cause of cancer-
related deaths.’ Endoscopists play an essential role in the
diagnosis and management of patients with pancreatic can-
cer and other solid pancreatic masses. Thereby, the Amer-
ican Society for Gastrointestinal Endoscopy (ASGE)
Standards of Practice Committee aimed to develop guide-

lines on the role of endoscopy in the diagnosis and manage-
ment of pancreatic masses. These guidelines follow the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) methodology.”* In formulating
these guidelines, we conducted extensive literature reviews,
including a formal systematic review of the literature and
meta-analyses. To make all information we collected and
analyzed readily accessible, this guideline is presented in 2
documents: Methodology and Review of Evidence provided
here and the accompanying document, Summary and
Recommendations.

METHODS

The present document describes the methodology and
provides a detailed review of the evidence used to inform
this guideline. It details the formulation of clinical questions,
literature searches, data analyses, panel composition, evi-
dence profiles, and other considerations such as cost-
effectiveness, patient preferences, and health equity. For
each clinical question, the outcomes of interest, pooled-
effects estimates, and evidence that was considered by the
panel in making final recommendations are provided. A
separate publication provides a summary of the main find-
ings and final recommendations of the ASGE Standards of
Practice Committee.

Formulation of clinical questions

Seven clinical questions were conceptualized by the au-
thors of the documents and members of the ASGE Standards
of Practice Committee, which were then approved by the
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Role of endoscopy in solid pancreatic masses

ASGE Governing Board. The questions followed the PICO
format: P, population in question; I, intervention; C, compar-
ator; and O, outcomes of interest. For all clinical questions,
potentially relevant patient-important outcomes were iden-
tified a priori and rated from “critical” to “important”
through a consensus process. A detailed list of PICO ques-
tions and outcomes is provided in Table 1.

Literature search and study selection criteria

To inform the guideline panel, we performed systematic
reviews and meta-analyses to address each PICO question. A
comprehensive literature search was designed and carried
out by an experienced health science librarian using MED-
LINE, EMBASE, and Cochrane Library from inception of
each database through November 24, 2021. An updated
search was made on February 17, 2022. Three separate
searches were conducted in total, 1 for PICO questions 1
to 4, 1 for PICO questions 5 and 6, and 1 for PICO question
7. The full search strategy is provided in Appendix 1 (avail-
able online at www.giejournal.org). Citations were imported
into EndNote (Thompson Reuters, Philadelphia, Pa, USA),
and duplicates were removed. The library was uploaded
into Covidence (Melbourne, Victoria, Australia).

We included studies if they were randomized controlled
trials (RCTs; parallel or crossover), in human subjects, in
the English language, and included >1 of the outcomes of
interest. Observational studies, case reports, case series, ed-
itorials, review articles, letters to the editor, guidelines, or
meta-analyses were excluded. For PICO questions 1 to 4,
we excluded RCTs on pancreatic cystic lesions or extrap-
ancreatic lesions that did not separately report outcomes
on solid pancreas masses. For PICO questions 5 and 6, we
excluded studies on benign biliary obstruction, hilar stric-
ture, percutaneous or EUS-guided drainage, or with a malig-
nant pancreatic mass in <50% of the study population. For
PICO question 7, we included RCTs that administered celiac
plexus neurolysis (CPN) by EUS, percutaneously, or surgi-
cally and excluded studies with benign indications.

Three reviewers (J.D.M.,, S.G.S., and J.M.C.) screened ti-
tles and abstracts for eligibility, with the first 2 independent
assessments used to determine inclusion or exclusion in the
next stage and with disagreements resolved by consensus.
Full-text screening then took place in a similar fashion.

Data extraction and statistical analysis

Two or more independent reviewers (J.D.M., S.G.S., and
J.M.C.) abstracted data using a standardized form created in
Microsoft Excel (Microsoft Corporation, Redmond, Wash,
USA). The primary estimate of effect was based on a pri-
ori—identified outcomes of interest. We reported odds ratios
(ORs) for dichotomous outcomes and mean differences
(MDs) for continuous outcomes, with their respective 95%
confidence intervals (CIs). The meta-analysis was carried
out with DerSimonian and Laird random-effects models,
given the anticipation of heterogeneity among abstracted
studies. Heterogeneity was quantified using the /* statistic,

with significant heterogeneity defined at I* > 50% and signif-
icant P value (<.05) on the Q statistic. Other sources of het-
erogeneity were assessed with subgroup and sensitivity
analyses. Studies were weighted based on sample size. Pub-
lication bias was assessed using funnel plots. Potential bias
was assessed using the Cochrane risk of bias tool.” Statistical
analyses were performed using RevMan version 5.0 (The Co-
chrane Collaboration, 2020, Copenhagen, Denmark) and
STATA version 14.2 (StataCorp, College Station, Tex, USA).

Panel composition and conflict of interest
management

We assembled a panel of stakeholders to review the evi-
dence and make recommendations. The panel consisted
of lead authors (J.D.M. and S.G.S.), content experts (G.L.P.
[advanced endoscopist and pancreatologist], V.S. [medical
oncologist], and L.N. [surgical oncologist]), and a GRADE
methodologist (N.F.) and was led by the committee chair
(BJ.Q.). A patient representative from the National Pancreas
Foundation was also included. The lead authors presented
the entire body of the evidence at a GRADE panel on January
21, 2023. All panel members were required to disclose po-
tential financial and intellectual conflicts of interest, which
were addressed according to ASGE policies set forth in the
ASGE & Journal Policy for Managing Declared Conflicts of In-
terest found at https:/www.asge.org/docs/default-source/
default-document-library/coi-full-policy-for-asge-and-publicat
ions edd 2-10-20.pdf. Panel members who received funding
for any technologies or companies associated with any of the
PICO questions or had other relevant conflicts of interest
were asked to declare this before the discussion and did
not vote on the final recommendation addressing that spe-
cific PICO question. Lead authors and methodologists
were also excluded from voting.

Certainty in the evidence (quality of the
evidence)

The certainty in the evidence was determined using the
GRADE framework, beginning with study design and then
assessing methodologic limitations, inconsistency, indirect-
ness, imprecision, publication bias, potential large study ef-
fects, dose—response gradients, and plausible confounding,
in addition to other sources of bias. The final quality of
evidence ranged from very low to high (Table 2). We used
the results of meta-analyses and the assessments above to
prepare a GRADE evidence profile for each PICO question
by a GRADE methodologist using the GRADEpro GDT ap-
plication (http://gdt.guidelinedevelopment.org/app). Evi-
dence profiles were presented during the panel meeting
and discussed in detail with all stakeholders before voting
on final recommendations. Approval of final recommenda-
tions was based on a simple majority.

Outcomes and definitions
For questions pertinent to EUS-guided tissue acquisition
(EUS-TA) of solid pancreatic masses, standard definitions of
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TABLE 1. Summary of population, intervention, comparator, and outcomes questions

Population Intervention Comparator Outcomes Rating
1. Solid pancreatic mass undergoing FNB sampling FNA 1. Diagnostic accuracy Critical
EUS-guided tissue acquisition 2. Sample adequacy Critical
3. Diagnostic yield Critical
4. Number of needle passes Critical
5. Adverse events Critical
6. DNA volume Important
2. Solid pancreatic mass undergoing 22-gauge 25-gauge 1. Diagnostic accuracy Critical
EUS-guided tissue acquisition 2. Sample adequacy Critical
3. High-quality specimen Critical
4. Number of needle passes Critical
5. Adverse events Critical
3. Solid pancreatic mass undergoing Novel/contemporary FNB needles Alternative FNB 1. Diagnostic accuracy Critical
EUS-guided FNB sampling (Fork-tip or Franseen) needle designs 2. Sample adequacy Critical
3. Adverse events Critical
4. Solid pancreatic mass undergoing Rapid on-site evaluation No rapid on-site 1. Diagnostic accuracy Critical
EUS-guided tissue acquisition evaluation 2. Diagnostic yield Critical
3. Sample adequacy Critical
4. Need for repeated biopsy Critical
sampling
5. Number of passes Critical
6. Procedure duration Important
7. Adverse events Critical
5. Distal malignant biliary obstruction SEMS Plastic stents 1. Mean survival Critical
undergoing ERCP 2. Stent patency Critical
3. Rate of stent failure Critical
4. Cholangitis or sepsis Critical
5. Unplanned reinterventions Critical
6. Adverse events Critical
7. Surgical resectability Critical
8. Postoperative adverse events Critical
6. Distal malignant biliary obstruction Covered SEMS Uncovered SEMS 1. Mean survival Critical
undergoing ERCP with SEMS 2. Stent patency Critical
3. Rate of stent failure Critical
4. Cholangitis or sepsis Critical
5. Unplanned reinterventions Critical
6. Adverse events Critical
7. Surgical resectability Critical
7. Pancreatic cancer-related abdominal Celiac plexus neurolysis Medical analgesic 1. Mean survival Critical
pain therapy alone 2. Pain assessed by visual Critical
analog scale
3. Opioid use Critical
4. Quality of life Critical
5. Constipation Important
6. Diarrhea Important
7. Drowsiness Important

FNB, Fine-needle biopsy; SEMS, self-expandable metal stents.

diagnostic outcomes were used.”’ Diagnostic accuracy was
defined as the proportion of lesions sampled that corre-
sponded to the final diagnosis at surgical histopathology
and/or clinical follow-up. Sample adequacy was defined as
the percentage oflesions sampled in which the obtained ma-
terial was representative of the target area and sufficient for
diagnosis. Diagnostic yield represented the proportion of le-
sions sampled for which a tissue diagnosis was obtained. A
high-quality histologic specimen was defined as a total tissue
sample more than 1 x 10 power field in length, according to

the scoring system created by Gerke et al.” Other relevant
outcomes to EUS-TA of pancreatic masses included the
mean number of needle passes, proportion of adverse
events, and total DNA volume obtained. When comparing
fine-needle biopsy (FNB) needles, both the Franseen and
Fork-tip designs were grouped into the novel or contempo-
rary FNB group, whereas the alternative FNB needle group
included the side-fenestrated, Menghini, and Tru-cut config-
urations. Rapid on-site evaluation (ROSE) was defined as im-
mediate cytopathologic assessment during the procedure to
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TABLE 2. GRADE categories of quality of evidence

GRADE quality

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

true effect is likely to be substantially different from the estimate

of the effect.

GRADE, Grading of Recommendations, Assessment, Development, and Evaluation.

provide real-time feedback regarding the content and qual-
ity of the specimen. Studies were stratified based on re-
ported mean lesion size as <3 cm or >3 c¢cm and based on
the most frequent location of the mass as head, uncinated,
and neck or body and tail locations.

When comparing biliary stent options during ERCP in pa-
tients with distal malignant biliary obstruction, we evaluated
mean survival and 30-day mortality after the procedure.
Stent patency was defined as the mean time until onset of
cholangitis or jaundice after initial normalization of bilirubin
after drainage. Other outcomes related to stent patency
were rate of stent failure, rate of cholangitis or sepsis, and
rate of unplanned reinterventions. The cause of stent failure
was subdivided into blockage by sludge or stone, tumor
ingrowth, tumor outgrowth, and stent migration. The rate
of postprocedure adverse events was measured, including
post-ERCP pancreatitis and acute cholecystitis. In patients
with resectable pancreatic cancer, we evaluated the effect
of stent type on surgical resectability and postoperative
adverse events. Covered self-expandable metal stents
(cSEMS) include both fully covered and partially covered
SEMS.

To evaluate the benefits of CPN, we evaluated mean sur-
vival, pain severity using the 10-point visual analog scale
(VAS), opioid use by morphine milligram equivalents, and
quality of life measured on a scale from 0 to 10 at various
time points. We measured adverse events including consti-
pation, diarrhea, and drowsiness. The medical analgesic
group included patients receiving medical therapy alone
or sham CPN.

External review

The final guideline was reviewed by the Gastrointestinal
Endoscopy Editorial Board and was made available for public
comment on the ASGE website before final approval by the
ASGE Governing Board.

RESULTS

For each clinical question, we have summarized the re-
sults for the a priori—identified outcomes of interest. Other
considerations including cost-effectiveness, patient prefer-
ences and acceptability, and equity that are common to
more than 1 question are also summarized.

Question 1: In patients with a solid pancreatic mass
undergoing EUS-TA, are FNB needles superior to FNA
needles?

Recommendation 1: For patients with a solid
pancreatic mass undergoing EUS-TA, the ASGE recom-
mends FNB over FNA needles.

(Strong recommendation/moderate quality of evi-
dence)

We conducted a systematic review and meta-analysis of
RCTs to inform this question. A literature search addressing
PICO questions 1 to 4 was conducted through February 17,
2022. A Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) diagram detailing study
screening and inclusion is provided in Figure 1. Of 2216 cita-
tions, we identified 25 RCTs that compared FNB with FNA
needles among 2765 patients with pancreatic masses. All
studies were full-text publications, of which 16 were cross-
over trials” " and 9 were parallel RCTs.”>

Fifteen studies included only patients with pancreatic
masses,” |21 710:18:19,24:202830.32 hareas 10 RCTs included
patients with different lesions that provided a separate
subgroup analysis for pancreatic masses for any of the out-
comes of interest.'>! 172023273133 The most used FNB
needle design across studies was the side-fenestrated
Conﬁguration (n — 18),l(J,ll,l/i,l%,l“,l“)-Z%,Zjé’wl,ﬁﬁ’w followed
by the Franseen (n = 3),'*'%*° Fork-tip (n = 3),'>'%** and
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Studies sought for retrieval (n = 142)

Screening

—>| Studies not retrieved (n = 0)

v

Studies assessed for eligibility (n = 142)

S Studies excluded (n = 97)

\ 4

Studies included in review (n = 45)

PICO 1 (n=25)

PICO 2 (n=12)

PICO 3 (n=3)

PICO 4 (n = 6; 1 study also included in PICO 1)

Included studies ongoing (n = 0)
Studies awaiting classification (n = 0)

Figure 1. Preferred Reporting Items for Systematic reviews and Meta-Analyses diagram showing the studies included in the systematic review evaluating
EUS-guided tissue acquisition of solid pancreatic masses (PICO questions 1-4). PICO, Population, intervention, comparator, and outcomes.

Menghini (n = 1).” A 22-gauge needle was used in 13 RCTs, "
141719222851 whereas the other studies used a 25-gauge nee-
dle (n = 2),"*” 19-gauge needle (n = 1),”" or other gauges
(n = 9). The most common sampling technique across
studies was the use of suction (n = 13)7!0:15:10:19,20,:22:28,50
followed by stylet slow pull (n = 6),' 7182427 hoth suction
and stylet slow-pull techniques (n = 3), or not specified
(n = 3). An even distribution of studies used ROSE
(n = 10)7'1#10182730 or did not use ROSE (n =10),

31-33

11,17,21-23,25,26,28,2931 __ . . a .
17:21:29,25,20282951 with 5 studies not describing or using

ROSE at the discretion of the endoscopist.19’20’24’52’53

Diagnostic accuracy, yield, and sample
adequacy

Using data from 15 RCTs, we observed higher diagnostic
accuracy with FNB needles (86.3%, 1130/1309) as compared
with FNA needles (82.8%, 1091/1318) when sampling solid
pancreatic masses (OR, 1.33; 95% CI, 1.07-1.67; P = 0%)
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FNB FNA Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chen 2022 106 115 112 120 5.1% 0.84[0.31, 2.26] —
Hedenstrom 2018 47 68 49 68 9.2% 0.87[0.41, 1.82] .
Hucl 2013 59 69 51 69 6.8% 2.08 [0.88, 4.92] R
Itonaga 2022 253 263 248 260 6.8% 1.22 [0.52, 2.89] N
lwashita 2018 55 70 47 70 8.7% 1.79 [0.84, 3.83] T =
Kamata 2016 84 106 82 108 12.1% 1.21 [0.64, 2.31] B o
Lee 2014 57 58 55 58 1.0% 3.11[0.31, 30.80]
Lee 2017 5 9 4 7 1.3% 0.94 [0.13, 6.87]
Mizukawa 2021 86 97 71 97 8.4% 2.86[1.32, 6.19] S
Noh 2018 56 60 57 60 2.1% 0.74 [0.16, 3.44] — T
Oppong 2020 91 108 81 108 10.9% 1.78 [0.91, 3.51]
Sterlacci 2016 32 34 33 37 1.6% 1.94 [0.33, 11.34] —
Tian 2018 15 18 16 18 1.4% 0.63 [0.09, 4.28]
Vanbiervliet 2014 72 80 74 80 4.1% 0.73[0.24, 2.21] e
VanRiet 2019 112 154 111 158 20.7% 1.13 [0.69, 1.85] I
Total (95% Cl) 1309 1318 100.0% 1.33 [1.07, 1.67] L3
Total events 1130 1091
Heterogeneity: Tau? = 0.00; Chi® = 11.92, df = 14 (P = 0.61); I> = 0% 50 01 051 150 100’

Test for overall effect: Z = 2.52 (P = 0.01)

Favours [FNA] Favours [FNB]

Figure 2. Forest plot comparing diagnostic accuracy of FNB versus FNA needles for EUS-guided tissue acquisition of solid pancreatic masses. FNB, Fine-

needle biopsy; CI, confidence interval.

FNB FNA Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Aadam 2016 30 36 25 37 11.1% 2.40[0.79, 7.32] T
Alatawi 2015 50 50 45 50 3.9% 12.21[0.66, 226.97] >
Chen 2022 102 115 47 120 13.7% 12.19 [6.15, 24.15] —_—
Hucl 2013 64 69 60 69 10.9% 1.92 [0.61, 6.05] N
Itonaga 2022 260 263 256 260 8.8% 1.35[0.30, 6.11] E
Kandel 2021 46 50 21 50 10.7% 15.88 [4.95, 50.96] —_—
Mavrogenis 2015 16 19 15 19 8.1% 1.42 [0.27, 7.44] D
Mizukawa 2021 90 97 79 97 12.2% 2.93 [1.16, 7.38] e
Oppong 2020 97 108 90 108 13.0% 1.76 [0.79, 3.94] T
Tian 2018 15 18 15 18 7.6% 1.00[0.17, 5.77] .
Total (95% Cl) 825 828 100.0% 3.21 [1.65, 6.25] D
Total events 770 653

Heterogeneity: Tau? = 0.72; Chi? = 28.88, df = 9 (P = 0.0007); I = 69% f

Test for overall effect: Z = 3.43 (P = 0.0006)

100

0.01 0.1 ] 10
Favours [FNA] Favours [FNB]

Figure 3. Forest plot comparing sample adequacy of FNB versus FNA needles for EUS-guided tissue acquisition of solid pancreatic masses. FNB, Fine-

needle biopsy; CI, confidence interval.

(Fig. 2).9,11,16,l,",1‘),2(},22-26,29,30,32,55 In 10 RCTs, the diagnostic
yield was 84.8% (553/652) with FNB needles and 79.3% (520/
656) with FNA needles; however, this difference was not sta-
tistically significant (OR, 1.53; 95% CI, .94-2.49; I* = 49%)
(Supplementary Fig. 1A, available online at www.
giejournal.org),'"!#101925:2831 1y 10 RCTs, sample ade-
quacy of solid pancreatic masses was superior with FNB nee-
dles (93.3%, 770/825) as compared with FNA needles
(78.9%, 653/828) (OR, 3.21; 95% CI, 1.65-6.25; I = 69%)

P 2N\ 9,14,16,18,21,22,25,26,28,32
(Flg. 5>.), 4,16,18,21,22,25,26,28,3

Needle passes
Fewer needle passes were required with FNB needles as
compared with FNA needles in 9 RCTs evaluating EUS-TA

of pancreatic masses (MD, —.65; 95% CI, —.96 to —34; I* =
89%) (Fig. 4).'*17222528:3032 A diagnosis was reached with
a single needle pass in 85.1% (462/543) of FNB samples
and in 67.8% (389/574) of FNA samples in 7 RCTs (OR,
2.90; 95% CI, 1.78-4.70; I* = 39%) (Supplementary
Fig. lB).l'%’ZS-S(]

Adverse events

Adverse events with EUS-TA of pancreatic masses were
low. In 16 RCTs, no significant differences were found in
adverse events between FNB and FNA needles, with .7%
(9/1202) with FNB needles and 1.3% (16/1241) with FNA
needles (OR, .68; 95% CI, .29-1.57; I* = 0%)
(Supplementary Fig. 1C).9'11’1‘)”18’19’2‘)"‘1>2 In 15 RCTs,
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FNB FNA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Alatawi 2015 2 0.2 50 3 0.7 50 14.5% -1.00[-1.20, -0.80] -
Bang 2012 1.3 0.5 28 1.6 0.9 28 12.5% -0.30[-0.68, 0.08] — &
Chen 2022 2.3 0.6 115 3 1.1 120 14.3% -0.70[-0.93, -0.47] -
Hassan 2021 1.9 0 143 2.1 0 143 Not estimable
Hucl 2013 1.3 0.5 69 2.4 1 69 13.9% -1.10[-1.36, -0.84] —
Itonaga 2022 2.8 0.8 263 3 1 260 14.8% -0.20[-0.36, -0.04] -
Lee 2014 1 0.7 58 2 15 58 11.9% -1.00([-1.43,-0.57] -_—
Othman 2017 2.8 1.5 28 2.8 1.4 60 9.1% 0.00 [-0.66, 0.66] -1
Tian 2018 1.1 0.8 18 1.8 1.2 18 9.0% -0.70[-1.37,-0.03] —
Total (95% CI) 772 806 100.0% -0.65 [-0.96, -0.34] <o
Heterogeneity: Tau? = 0.16; Chi® = 64.10, df = 7 (P < 0.00001); I*> = 89% _?2 _*1 5 i é

Test for overall effect: Z = 4.08 (P < 0.0001)

Favours [FNB] Favours [FNA]

Figure 4. Forest plot comparing number of needle passes of FNB versus FNA needles for EUS-guided tissue acquisition of solid pancreatic masses. FNB,

Fine-needle biopsy; CI, confidence interval; SD, standard deviation.

postprocedure pancreatitis occurred in .5% of patients (5/
1088) after FNB sampling and in .4% of patients (5/1124) af-
ter FNA sampling (OR, 1.01; 95% CI, 31-3.24; I = 0%)
(Supplementary Fig. 1D).>!0:13:18:19,22:30,52

DNA volume

This outcome was reported in a single crossover RCT of
50 patients with a solid pancreatic mass. DNA material was
greater in samples obtained with FNB needles as compared
with FNA needles (MD, 2.57 ug/mL; 95% CI, 2.24-2.90).""

Subgroup analysis

The results of the outcomes of interest did not change
by sampling technique (suction, stylet, or both), FNB type
(novel or contemporary vs alternative), use of ROSE (ROSE
vs no ROSE), trial design (crossover vs parallel RCT), study
population (pancreatic mass alone vs heterogeneous),
mass size (<3 cm vs >3 cm), or lesion location (head/un-
cinate/neck vs body/tail).

Certainty in the evidence

For most outcomes, the risk of bias was judged to be
serious, as 8 RCTs had significant sources of potential
bias and 10 provided limited information to judge their
bias (Supplementary Fig. 2A and B, available online at
www.giejournal.org). All studies lacked blinding among
endosonographers. There were concerns with imprecision
in studies reporting on diagnostic yield and adverse events
because of wide CIs. Issues with inconsistency, indirect-
ness, or publication bias were not found for any of the
included studies (Supplementary Fig. 3A-E, available online
at www.giejournal.org). For most outcomes, the quality of
the evidence was moderate. A full evidence profile for this
question is provided in Table 3.

Other considerations
Although the cost of FNB needles is higher than FNA
needles, 1 RCT showed that for patients with pancreatic

masses, 2 passes with FNB needles without ROSE was
more cost-effective than FNA passes dictated by ROSE."
We used a Monte Carlo simulation of 1000 patients and
found that EUS-guided FNB sampling (EUS-FNB) confirmed
the diagnosis in 988 patients at an average cost of $2152
(95% CI, 2070-2162) per patient and EUS-guided FNA
confirmed the diagnosis in 921 patients at an average cost
of $2605 (95% CI, 2263-2664) per patient.'* No data were
found on patient values and preferences. However, our pa-
tient representative strongly favored FNB needles given
their higher diagnostic accuracy, which can result in fewer
repeated procedures and earlier treatment decisions.

Discussion

EUS-TA is the standard of care to establish a histologic
diagnosis of solid pancreatic masses. Traditionally, FNA
needles were used, which provide loose cells for a cyto-
logic diagnosis. Over the last few decades, different FNB
needles with various configurations have emerged and
are able to obtain intact tissue fragments for histologic
assessments in addition to offering the capability for
more advanced tissue staining and molecular profiling if
required. Despite the theoretical advantages of FNB nee-
dles, previous meta-analyses had revealed conflicting re-
sults on accuracy and sample adequacy when comparing
FNA with FNB needles in sampling of solid pancreatic
masses.””” In our meta-analysis of 25 RCTs, we demon-
strated that FNB needles are superior to FNA needles in
yielding better diagnostic accuracy and sample adequacy,
which is concordant with the findings of a recent meta-
analysis of 18 RCTs.”” The difference of our results with
previous meta-analyses may be explained by the inclusion
of more recent RCTs that used contemporary FNB nee-
dles.'>***? We also noticed that the advantage of FNB nee-
dles over FNA needles was unchanged regardless of
sampling technique, type of FNB needle, lesion character-
istics, or use of ROSE.

In addition to improved diagnostic accuracy and sample
adequacy, FNB needles also reduced the number of passes
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TABLE 3. Evidence profile for population, intervention, comparator, and outcome question 1: in patients with solid pancreatic masses
undergoing EUS-TA, are FNB needles better than FNA needles?

Certainty assessment No. of patients Effect
No. of Study Risk Other FNB FNA Relative Absolute
studies design of bias  Inconsistency Indirectness Imprecision considerations needles needles  (95% Cl) (95% CI) Certainty Importance
Diagnostic accuracy
15 Randomized  Serious®  Not seriousi  Not serious Not None 1130/1309 1091/1318 OR 1.33 37 more per 1000 PAEBHO  CRITICAL
trials serious (86.3%) (82.8%) (1.07-1.67) (from 9 more Moderate
to 61 more)
Diagnostic yield
10 Randomized Not Not serious§  Not serious  Serious| None 553/652  520/656 ~ OR 153 61 more per 1000 PPHPHO  CRITICAL
trials serioust (84.8%) (79.3%) (.94-2.49) (from 10 fewer Moderate
to 112 more)
Sample adequacy
10 Randomized Seriousq  Not serious*  Not serious Not None 770/825  653/828  OR3.21 134 more per 1000 PPEPO  CRITICAL
trials serious (93.3%) (78.9%)  (1.65-6.25) (from 72 more Moderate
to 170 more)
Mean number of needle passes
9 Randomized  Serioustt Not Not serious Not None 772 806 — MD .65 fewer DPPBO  CRITICAL
trials seriousit serious (.96 fewer to Moderate
0.34 fewer)
Diagnosis at first needle pass
7 Randomized Serioust§  Not serious|||| Not serious Not None 462/543 389/574 OR 290 181 more per 1000 PHPO IMPORTANT
trials serious (85.1%) (67.8%) (1.78-4.70)  (from 111 more Moderate
to 230 more)
DNA concentration
1 Randomized Not Not serious  Not serious Not None 50 50 = MD 257 pg/mL - PHPHE@ IMPORTANT
trials serious serious higher (2.24 higher High
to 2.9 higher)
Adverse events
16 Randomized SeriousqY Not seriousi  Not serious Very None 9/1202 16/1241 OR .68 4 fewer per 1000 OO0  CRITICAL
trials serious*** (.7%) (1.3%) (.29-1.57) (from 9 fewer Very low
to 7 more)
Postprocedural pancreatitis
15 Randomized Serious{i{ Not seriousf  Not serious Very none 5/1088 5/1124 OR 1.01 0 fewer per 1000 OO0 IMPORTANT
trials serious™** (.5%) (.4%) (.31-3.24) (from 3 fewer Very low

to 10 more)

FNB, Fine-needle biopsy; Cl, confidence interval; OR: odds ratio; MD, mean difference; —, unable to calculate the relative effect for this continuous outcome.

*Most trials (11/15) were at high risk of bias or had some concern because of risk of bias.

112 = .0% and in most studies the point estimates and 95% Cls overlap considerably.

{Not rated down for risk of bias because of an equal number of trials judged to be at high and low risk of bias, but P value for test of interaction showed no difference between
2 estimates.

§Considerable heterogeneity (> = 49%). Not rated down because clinical inconsistency was deemed not important because all results of included studies have similar clinical
implication.

[|Limits of Cl suggest a small benefit in favor of FNB needles in 1 extreme and large benefit in favor of FNA needles on the other extreme. Because imprecision is linked to
inconsistency and the use of a random-effects model, certainty of the evidence rated down by only 1 level.

9All trials were at high risk of bias or had some concern because of risk of bias.

**Considerable heterogeneity (> = 69%). Not rated down because clinical inconsistency was deemed not important because all results of the included studies have similar
clinical implications.

1Al trials except 1 (Bang et al, 2012'%) were at high risk of bias or had some concern because of risk of bias.

1Considerable heterogeneity (> = 89%). Not rated down because clinical inconsistency was deemed not important because all results of the included studies have similar
clinical implications.

§5All trials except 1 (Asokkumar et al, 2019') were at high risk of bias or had some concern because of risk of bias.

[[||? = 39.0% and in most studies the 95% Cls overlap considerably.

9 9Most trials (8/10 trials that contributed to the pooled estimate) were at high risk of bias or had some concern because of risk of bias.

***C| suggests that FNB needles increase the likelihood of events in 1 extreme but decrease the likelihood in the other extreme. This was based on small number of events not
meeting the optimal information size.

tttMost trials (5/7 trials that contributed to the pooled estimate) were at high risk of bias or had some concern because of risk of bias.

required with FNA needles. Although adverse events did
not seem to be affected, requiring a fewer number of
passes may reduce procedure duration and improve effi-
ciency of the endoscopy unit, as demonstrated in 1
RCT.?* Another advantage is that FNB needles provide bet-

ter material than FNA needles for personalized medicine
platforms and genomic testing (eg, next-generation
sequencing).'® This is crucial in tailoring treatment regi-
mens for patients with pancreatic adenocarcinoma.’
Despite the increased costs of FNB compared with FNA
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229 25g Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Oh 2021 49 70 20 70  47.8% 5.83 [2.82, 12.08] —i—
Tomoda 2021 40 88 22 88 52.2% 2.50[1.32, 4.74] ——
Total (95% CI) 158 158 100.0% 3.75 [1.64, 8.59] ‘
Total events 89 42

P 2 _ . 2 = - o2 s 0, l } | |
Heterogeneity: Tau® = 0.24; Chi‘ = 2.94, df = 1 (P = 0.09); I° = 66% 0.01 o1 i 10 100

Test for overall effect: Z = 3.12 (P = 0.002)

Favours [25g] Favours [224g]

Figure 5. Forest plot comparing high-quality specimen between 22-gauge and 25-gauge needles for EUS-guided tissue acquisition of solid pancreatic

masses. CI, Confidence interval.

needles, FNB needles appear to be more cost-effective.'*
The patient representative also expressed preference to-
ward FNB needles.

Given the benefits of FNB over FNA needles, compara-
ble adverse events with both needle types, and moderate
quality of the evidence, the panel made a strong recom-
mendation to use FNB needles for EUS-TA of solid pancre-
atic masses. The panel recognized that the source RCTs
predominantly included patients with pancreatic adeno-
carcinoma, skilled endosonographers, and variable sam-
pling techniques (eg, suction or stylet, number of
actuations, number of passes). In addition, the studies
excluded certain populations such as those with chronic
pancreatitis, recent acute pancreatitis, coagulopathy,
thrombocytopenia, and biliary stent in place. Thereby,
future studies are needed to compare both needle types
in these special circumstances.

Question 2: In patients with solid pancreatic masses
undergoing EUS-TA, are 22-gauge needles superior to
25-gauge needles?

Recommendation 2: For patients with a solid
pancreatic mass undergoing EUS-TA, the ASGE suggests
22-gauge over 25-gauge needles.

(Conditional recommendation/moderate quality of
evidence)

Our search resulted in 2216 citations. We identified 12
RCTs that met our inclusion criteria and compared
22-gauge with 25-gauge needles in 1665 patients with
pancreatic masses. All studies were full-text publications,
including 7 crossover trials’” > and 5 parallel RCTs."***
Eight studies included only subjects with a pancreatic
mass.””*"*" Samples were obtained with an FNA needle
in 8 RCTs’ 5479 and an FNB needle in 4 RCTs
(Franseen needle in 2 studies " and side-fenestrated nee-
dle in 2 studies*"**). ROSE was used in 6 studies.” ">

Diagnostic accuracy, sample adequacy, and
histologic quality

In 7 RCTs, no significant differences in diagnostic accuracy
were found between 22-gauge (91.5%, 561/613) and 25-gauge
needles (93%, 570/613) when sampling solid pancreatic

masses (OR, .81; 95% CI, .52-1.25; P = 0%). No issues were
seen with inconsistency, indirectness, or publication bias
with any of the included studies (Supplementary Fig. 4A, av-
ailable online at me.giejoumal.org).29’?’9"11"/"1'/1(‘ In 6
RCTs,> 541424090 sample adequacy was similar with 22-
gauge (81.8%, 392/479) and 25-gauge (78.9%, 382/484) nee-
dles (OR, 1.11; 95% CI, .65-1.88; I* = 46%) (Supplementary
Fig. 4B).”/ 841424490 A high-quality histologic specimen
was more likely to be obtained with 22-gauge (56.3%, 89/
158) as compared with 25-gauge needles (26.6%, 42/158) in
2 RCTs (OR, 3.75; 95% CI, 1.64-8.59; I* = 66%) (Fig. 5).***
Both RCTs used FNB needles and measured tissue quality
according to the scoring system created by Gerke et al,” which
rates specimens from 0 (material insufficient for interpreta-
tion) to 5 (material sufficient for adequate histologic inter-
pretation and of high quality). Diagnostic yield was not
reported in the included RCTs.

Needle passes

A similar number of passes were required with the 22-
gauge and 25-gauge needles in 4 RCTs (MD, .16; 95% CI,
—.10 to .42; I* = 13%; Supplementary Fig. 4C).5'—’58’44’4—

Adverse events

In 10 RCTs, adverse events occurred in 3.6% of cases
(26/727) with 22-gauge needles and in 3% of cases (22/
738) with 25-gauge needles (OR 1.94; 95% CI, .60-6.27,
P = 56%) (Supplementary Fig. 4D).> 3840414348 The
risk of postprocedure pancreatitis was similar between
the 22-gauge needles (1.4%, 7/505) and 25-gauge needles
(4%, 2/509) in 8 RCTs (OR, 2.53; 95% CI, .47-13.63; I* =
13%) (Supplementary Fig. 4E).T"i”"u"i‘%’*/s’48

Subgroup analysis

In a subgroup analysis by location of the pancreatic
mass, a trend toward higher diagnostic accuracy was seen
with the 25-gauge needle in masses located in the pancre-
atic head or uncinate process; however, this did not reach
statistical significance (OR, .54; 95% CI, .29-1.00; I* = 69%)
(Supplementary Fig. 4F). The results of other outcomes by
location were similar to the overall results. Additional sub-
group analyses by needle type (FNB vs FNA)
(Supplementary Fig. 4G-J), use of ROSE (ROSE vs no
ROSE), sampling technique (suction vs stylet), trial design
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TABLE 4. Evidence profile for population, intervention, comparator, and outcome question 2: in patients with solid pancreatic masses
undergoing EUS-guided tissue acquisition, are 22-gauge needles better than 25-gauge needles?

Certainty assessment No. of patients Effect
22- 25-

No. of Study Risk of Other gauge gauge Relative

studies design bias Inconsistency Indirectness Imprecision considerations needle needle (95% CI) Absolute (95% Cl) Certainty Importance

Diagnostic accuracy

7 Randomized Not Not seriousf ~ Not serious Serious? None 561/613 570/613  OR .81 15 fewer per 1000 (from PHEPHO  CRITICAL
trials serious™ (91.5%) (93.0%) (52-1.25) 57 fewer to 13 more)  Moderate

Sample adequacy

6 Randomized Not Serious|| Not serious Serious? None 392/479 382/484 OR 1.11 17 more per 1000 (from @EBHOO  CRITICAL
trials serious$ (81.8%) (789%) (.65-1.88) 80 fewer to 86 more) Low

High-quality specimen

2 Randomized Not Seriousq Not serious  Not serious None 89/158  42/158  OR3.75 310 more per 1000  PPHEPO  CRITICAL
trials serious (56.3%)  (26.6%) (1.64- (from 107 more to 491 Moderate

8.59) more)

Mean number of needle passes

4 Randomized Not Not serious  Not serious  Not serious None 329 337 = MD .16 more (.1 fewer DDHEPEH  CRITICAL
trials serious to .42 more) High

Adverse events

10 Randomized Not Serious** Not serious SeriousTf None 26/727  22/738  OR 1.94 26 more per 1000 (from PHPHOCO  CRITICAL
trials serious™ (3.6%) (3.0%) (60-6.27) 12 fewer to 132 more) Low

Postprocedural pancreatitis

8 Randomized Not Serious|| Not serious SeriousTf None 7/505 2/509 OR 253 6 more per 1000 (from2 PPHOO  CRITICAL
trials serious (1.4%) (4%) (47- fewer to 47 more) Low

13.63)

Diagnostic accuracy subgroup: head/uncinate

3 Randomized Seriousii  Not serious Serious§§ Not serious None 275/305 288/305 OR .54 43 fewer per 1000 (from PPHOCO IMPORTANT
trials (90.2%) (94.4%) (.29-1.00) 113 fewer to O fewer) Low

Cl, Confidence interval; MD, mean difference; OR, odds ratio; —, unable to calculate the relative effect for this continuous outcome.

*Not rated down for risk of bias because an equal number of trials were judged to be at high and low risk of bias, but P value for test of interaction showed no difference

between 2 estimates.

12 = 0.0% and in most studies the point estimates and 95% Cls overlap considerably.

fLimits of Cl suggest a small benefit in 1 extreme and benefit important to patients in the other.
§Two studies were judged to have an overall high risk of bias (Park et al, 2016*' and Tomoda et al, 2022*%), but test of interaction showed no difference between estimates from

low-risk studies and those at high risk of bias.
||Despite partial overlap of 95% Cls, direction of effect varied across studies.
2 = 66%.

**The Cls of some of the studies do not overlap with those of the most included studies and/or the point estimate of some of the included studies. High /> and 4 studies did not

contribute to the pooled estimate with zero events in both arms.

TiLimits of Cl suggest small harm was associated with using a 22-gauge needle in 1 extreme and large harms on the other extreme with a small number of events. Because
imprecision is probably linked to inconsistency and use of the random-effects model, certainty of the evidence was rated down by only 1 level.

{Three studies were judged to have an overall high risk of bias.***'

§8Subgroups were created based on most masses being in the head/uncinate or body/tail of the pancreas.

(crossover vs parallel RCTs), study population (pancreatic
mass alone vs heterogeneous lesions), and lesion size
(<3 cm vs >3 cm) were not different compared with over-
all results.

Certainty in the evidence

The risk of bias was judged to be not serious for all
analyzed outcomes (Supplementary Fig. 5A and B, available
online at www.giejournal.org). We rated down for inconsis-
tency because the direction of effect varied across studies
for histologic adequacy and postprocedure pancreatitis. In
addition, we rated down for inconsistency for adverse events
(I* = 56%). There were concerns with imprecision for all
outcomes except histologic quality and number of needle
passes. No issues were seen with indirectness or publication

bias with any of the included studies (Supplementary Fig. 6A-
D, available online at www.giejournal.org). For most out-
comes, the quality of the evidence was rated as moderate.
A full evidence profile for this question is provided in Table 4.

Other considerations

There is no cost difference between 22- and 25-gauge
needles. No cost-effectiveness studies have compared
both interventions, and no data were available on patient
values and preferences.

Discussion

Our systematic review compared 22- with 25-gauge nee-
dles for EUS-TA of solid pancreatic masses. Other needle
calibers such as 19, 20, or 21 gauges were not included
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in our analysis because these needles are uncommonly
used by endosonographers for sampling solid pancreatic
masses in clinical practice.”” Our results indicate that 22-
gauge needles provided higher tissue quality than 25-
gauge needles. The 2 RCTs included for this outcome
used Franseen FNB needles and defined high tissue quality
according to the Gerke scale” (material sufficient for
adequate histologic interpretation and of high quality).***
The clinical implications of this difference are unclear. Bet-
ter tissue architecture with 22-gauge needles may translate
into better samples for personalized medicine and ancillary
molecular testing of pancreatic adenocarcinoma (eg, next-
generation sequencing to select chemotherapy). This was
suggested in a retrospective study of 190 patients with
pancreatic adenocarcinoma who had EUS-TA in which
the use of 22- or 19-gauge needles provided greater DNA
volume and was independently associated with more suc-
cessful next-generation sequencing as compared with 25-
gauge needles.””

Nevertheless, the panel recognized that the major
advantage of 22- over 25-gauge needles is if the tissue
sample would be used for personalized medicine. Other-
wise, both needle calibers seemed to perform equally on
relevant clinical endpoints such as diagnostic accuracy
and sample adequacy, which are directly implicated in
prompt patient care and treatment decisions. In addition,
neither of the needle calibers reduced the number of
passes performed or the rate of adverse events. Hence,
if a sample is obtained for purely diagnostic purposes
and molecular profiling is not anticipated, then either
needle caliber may be appropriate. However, this is often
not known at the time of EUS, and as the field of precision
medicine in pancreatic cancer is growing to target treat-
ments since the time of initial diagnosis,”’ obtaining the
highest tissue quality possible is most appropriate even
when the goal of EUS-TA is for diagnostic purposes. As
the field of precision medicine in pancreatic cancer con-
tinues to grow, future RCTs comparing needle gauges
should be adequately powered to detect differences in
the capacity for molecular profiling.

An extensive subgroup analysis was performed in our
meta-analysis, and no situation was found in which a 25-
gauge needle would be significantly superior to a 22-
gauge needle. However, 25-gauge needles had a nonsignif-
icant trend toward higher diagnostic accuracy in masses
located in the pancreatic head and uncinate. It is important
to mention that this subgroup analysis was based on the
most frequent location of the mass in each of the studies
and not in individual patient data. Thereby, this analysis
is exploratory and requires future evaluation.

Given the moderate quality of evidence on providing a
better tissue architecture and similar adverse events, the
panel made a conditional recommendation in favor of us-
ing 22-gauge needles for EUS-TA of solid pancreatic
masses. The panel considered that this conditional recom-
mendation would be acceptable because 22-gauge needles

are already strongly preferred by most endosonographers
for EUS-TA of pancreatic masses.”” Although not included
as an outcome in prior studies, endosonographers in the
panel also pointed out that expelling the tissue from the
needle was easier and less time-consuming with the larger
diameter 22-gauge needle than with 25-gauge needles. The
panel acknowledged that a 25-gauge needle should be
selected when a 22-gauge needle is expected to have
limited manipulability (eg, excessive endoscope torqueing)
or cannot be advanced into a lesion.

Question 3: In patients with solid pancreatic masses
undergoing EUS-FNB, are novel or contemporary FNB
needles (Fork-tip and Franseen) superior to alterna-
tive FNB needles?

Recommendation 3: Among patients with a solid
pancreatic mass undergoing EUS-FNB, the ASGE recom-
mends using novel or contemporary FNB needles (Fork-
tip or Franseen) over alternative designs.

(Strong recommendation/ moderate quality of evi-
dence)

Our systematic review identified 3 RCTs comparing
EUS-TA with novel or contemporary FNB needles and alter-
native FNB needle designs in 381 subjects with solid
pancreatic masses.”> " Two were parallel RCTs**”* and 1
was a crossover trial.” One RCT compared Fork-tip nee-
dles with side-fenestrated needles,”” 1 RCT compared the
Franseen design with side-fenestrated FNB needles,” and
1 RCT evaluated 4 different FNB needle designs (Franseen,
Fork-tip, side-fenestrated, and Menghini).”* In the 3
studies, the tissue-sampling approach was performed using
2 to 3 passes without ROSE. One study used macroscopic
on-site evaluation (MOSE).”* An additional meta-analysis
was performed by using 4 RCTs that compared the Fork-
tip and Franseen needle designs among 243 patients with
solid pancreatic masses undergoing EUS-TA.”*> Of these
4 RCTs, 3 were parallel RCTs’**>”" and 1 was a crossover
trial.”® Three of these RCTs used ROSE.”>>’

Diagnostic accuracy

The diagnostic accuracy of novel or contemporary FNB
needles (91.7%, 201/219) was significantly greater than
alternative FNB needle designs (78.8%, 175/222) when per-
forming EUS-TA of pancreatic masses in 3 RCTs (OR, 2.99;
95% CI, 1.07-8.36; I* = 64%) (Fig. 6).>"

Sample adequacy

Using data of 3 RCTs, we found that sample adequacy was
significantly higher with novel or contemporary FNB needles
(100%, 219/219) as compared with alternative FNB needle
designs (83.8%, 186/222) when sampling pancreatic masses
(OR, 25.90; 95% CI, 4.96-135.32; I* = 0%) (Fig. 7).”*"
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Novel Needle Conventional Needle Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bang 2021 60 63 47 66 29.1% 8.09 [2.26, 28.97] I e—
Crino 2020 89 96 88 96 33.8% 1.16 [0.40, 3.32]
Karsenti 2020 52 60 40 60 37.1% 3.25[1.30, 8.14] ——
Total (95% CI) 219 222 100.0% 2.99 [1.07, 8.36] . ol
Total events 201 175

o 2 _ . Chi2 — _ _ i 12 [ } t } {
Heterogeneity: Tau® = 0.52; Chi 5.50, df = 2 (P = 0.06); | 64% o1 o 1 0 100

Test for overall effect: Z = 2.08 (P = 0.04)
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Figure 6. Forest plot comparing diagnostic accuracy of novel or contemporary versus alternative fine-needle biopsy needles for EUS-guided tissue acqui-

sition of solid pancreatic masses. CI, Confidence interval.

Novel Needle Conventional Needle Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bang 2021 63 63 61 66 32.1% 11.36[0.61, 209.79] = >
Crino 2020 96 96 76 96 34.3% 51.72[3.08, 868.90] —_—
Karsenti 2020 60 60 49 60 33.5% 28.11[1.62, 489.02] = »
Total (95% CI) 219 222 100.0% 25.90 [4.96, 135.32] ——con i
Total events 219 186

o 2 _ 5 2 — — S12 — 09 I t t J
Heterogeneity: Tau® = 0.00; Chi 0.56,df =2 (P =0.76); | 0% 001 o1 10 100

Test for overall effect: Z = 3.86 (P = 0.0001)
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Figure 7. Forest plot comparing sample adequacy of novel or contemporary versus alternative fine-needle biopsy needles for EUS-guided tissue acqui-

sition of solid pancreatic masses. CI, Confidence interval.

Adverse events

Adverse events occurred at a similar rate in patients with
a pancreatic mass undergoing EUS-TA with novel or
contemporary (2.7%, 6/219) and alternative (9%, 2/222)
FNB needle designs (OR, 2.41; 95% CI, .51-11.43; I =
0%) (Supplementary Fig. 7A, available online at www.
giejoumal.()rg).sz's’i

Comparison of Franseen and Fork-tip FNB
needles

In 2 RCTs, both the Fork-tip and Franseen designs pro-
vided similar diagnostic accuracy (OR, 1.61; 95% CI, .37-
7.03; I* = 0%) (Supplementary Fig. 7B).”">> Sample ade-
quacy was also similar with the Fork-tip and Franseen de-
signs in 4 RCTs (OR, 1.65; 95% CI, .69-3.93; I° = 0%)
(Supplementary Fig. 7C).”*>" No difference in adverse
events was found between the 2 novel or contemporary
FNB designs (OR, .61; 95% CI, .14-2.66; I = 0%)
(Supplementary Fig. 7D).§4'57

Certainty in the evidence

The risk of bias (Supplementary Fig. 8A and B, available
online at www.giejournal.org), indirectness, and publica-
tion bias (Supplementary Fig. 9A-C, available online at
www.giejournal.org) were judged to be not serious for all
the analyzed outcomes. We rated down for inconsistency
in diagnostic accuracy because the point estimates varied
widely with a I? of 74%. There were concerns with impre-
cision for all outcomes given very wide CIs and small num-
ber of events. For most outcomes, the quality of evidence
was rated as moderate. A full evidence profile for this ques-
tion is provided in Table 5.

Other considerations

No data were available on costs, cost-effectiveness, and
patient values and preferences when comparing the
different FNB needle designs. The patient representative
on the panel indicated a personal preference for using
novel or contemporary needles because they were more
accurate with similar adverse events.

Discussion

The first description of EUS-FNB, reported by Binmoeller
etalin 1998, used a Menghini-type core needle. FNB needle
designs with different needle-tip alterations have evolved
over the past 25 years. The first generation of needles was de-
signed using a Tru-cut adaptation and a reverse-bevel needle
configuration. The most contemporary end-cutting FNB nee-
dles are the Franseen needle, which is based on a 3-plane sym-
metric design of the tip, and the Fork-tip needle, which has 6
cutting surfaces in an asymmetric design. Our meta-analysis of
3 RCTs indicates that both the Franseen and Fork-tip needles
provided greater diagnostic accuracy and sample adequacy
than alternative FNB needle designs in solid pancreatic
masses. These results align with a recent network meta-
analysis of 16 RCTs that demonstrated the Franseen and
Fork-tip needles are the highest performing needles for sam-
pling of solid pancreatic masses.””

In addition, we conducted an additional meta-analysis of 4
RCTs comparing the Franseen and Fork-tip needles, which
revealed that both novel or contemporary FNB needles offer
similar diagnostic accuracy, sample adequacy, and adverse
events. These novel or contemporary FNB needles are
widely available in the United States, and their selection
should be driven by costs and physician preferences. Future
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TABLE 5. Evidence profile for population, intervention, comparator, and outcome question 3: in patients with solid pancreatic masses
undergoing EUS-guided FNB sampling, are novel/contemporary FNB needles (Fork-tip and Franseen) better than alternative FNB needles?

Certainty assessment No. of patients Effect
Alternative
No. of Study Risk Other Contemporary FNB Relative Absolute
studies design of bias Inconsistency Indirectness Imprecision considerations FNB needles needles (95% ClI) (95% Cl) Certainty Importance
Diagnostic accuracy (diagnostic odds ratio)
3 Randomized  Not Serious* Not serious Seriousf None 201/219 175/222 OR 2.99 129 more per EPHOO  CRITICAL
trials serious (91.7%) (78.8%) (1.07-8.36) 1000 (from Low
11 more to
181 more)
Sample adequacy
3 Randomized  Not Not serious ~ Not serious Serious? None 219/219 186/222 OR 2590 155 more per PO  CRITICAL
trials serious (100.0%) (83.8%) (4.96-135.32) 1000 (from Moderate
125 more to
161 more)
Adverse events
3 Randomized  Not Not serious ~ Not serious Very serious§ None 6/219 2/222 OR 241 12 more per OO  CRITICAL
trials serious (2.7%) (.9%) (.51-11.43) 1000 (from Low
4 fewer to
85 more)
Diagnostic accuracy: Fork-tip vs Franseen FNB needles
2 Randomized  Not Not serious  Not serious Serioust None 64/67 66/71 OR 161 25 more per HPO
trials serious (95.5%) (93.0%) (.37-7.03) 1000 (from Moderate
100 fewer to
60 more)
Sample adequacy: Fork-tip vs Franseen FNB needles
4 Randomized  Not Not serious  Not serious Seriousf None 124/139 127/154 OR 1.65 61 more per HHPHO
trials serious (89.2%) (82.5%) (.69-3.93) 1000 (from  Moderate
60 fewer to
124 more)
Adverse events: Fork-tip vs Franseen FNB needles
4 Randomized ~ Not Not serious  Not serious Serious|| None 3/140 5/153 OR 61 12 fewer per PHDO
trials serious (2.1%) (3.3%) (.14-2.66) 1000 (from  Moderate
28 fewer to
50 more)

FNB, Fine-needle biopsy; Cl, confidence interval; OR, odds ratio.
*Point estimates vary widely with high * (74%).

tLimits of Cl suggest a small benefit in 1 extreme and a large benefit in the other extreme. Because imprecision is linked to inconsistency and use of a random-effects model,

certainty of the evidence rated down by only 1 level.

1Small number of events and very wide 95% Cls, but because of the large effect the certainty of evidence was rated down only 1 level.
§Limits of CI suggest small harm was associated with using novel needles in 1 extreme and large harms on the other extreme with a small number of events.

||Limits of Cl crosses 1.

needle designs should be compared with either the
Franseen or Fork-tip needles to determine their noninferior-
ity or superiority in EUS-TA of pancreatic masses. After
considering all the desirable and undesirable effects with
the different FNB needle types, in addition to the moderate
quality of the evidence, the panel made a strong recommen-
dation in favor of using novel or contemporary FNB needles.

Question 4: In patients with solid pancreatic masses
undergoing EUS-TA, is ROSE beneficial as compared
with no ROSE?

Recommendation 4: In patients with a solid
pancreatic mass undergoing EUS-TA, the ASGE suggests
against the routine use of ROSE.

(Conditional recommendation/low quality of evi-
dence)

We found 6 RCTs that compared EUS-TA with and
without ROSE among 1476 patients with solid pancreatic
masses.”>%"°" All studies were parallel RCTs. Five studies
were published as full-text manuscripts”®"* and 1 in ab-
stract form only.”* Four studies were multicenter
RCTs.>*°%? Three studies used FNA needles,®®°>% 2
used FNB needles,”"** and 1 used both type of needles.”
ROSE was performed by a cytopathologist in 5 studies”* "
or a trained endoscopist in 1.°* In the ROSE group, the
number of passes was guided by the cytopathology evalu-
ation until an adequate sample was obtained. The accuracy
of a preliminary diagnosis with ROSE was not described in
any of the RCTs. When an FNA needle was used without
ROSE, 2 studies performed 7 passes””®* and 1 study per-
formed 3 to 5 passes.” For studies using FNB needles in
the absence of ROSE,””** the number of passes ranged
from 2 to 5.2
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ROSE No ROSE Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chen 2022 112 120 106 115 16.8% 1.19[0.44, 3.19] T
Crino 2021 371 385 376 386 24.2% 0.70[0.31, 1.61] —
Lee 2016 57 73 54 69 25.9% 0.99 [0.45, 2.20]
Nebel 2021 29 33 28 32 7.5% 1.04 [0.24, 4.55]
Wani 2015 107 121 107 120 25.6% 0.93 [0.42, 2.07]
Total (95% CI) 732 722 100.0% 0.93 [0.62, 1.39]
Total events 676 671

Heterogeneity: Tau? = 0.00; Chi? = 0.72, df = 4 (P = 0.95); I> = 0%
Test for overall effect: Z = 0.36 (P = 0.72)

0.01 0.1 1 10 100
Favours [No ROSE] Favours [ROSE]

Figure 8. Forest plot comparing the diagnostic accuracy of EUS-guided tissue acquisition of solid pancreatic masses with and without ROSE. ROSE, Rapid

on-site evaluation; CI, confidence interval.

Diagnostic accuracy, yield, and sample
adequacy

Using data from 5 RCTs, we found no difference in the diag-
nostic accuracy when using ROSE (92.3%, 676/732) as
compared with not using ROSE (92.9%, 671/722) during
EUS-TA of solid pancreatic masses (OR, .93; 95% CI, .62-
1.39; I* = 0%) (Fig. 8).”*°"“ Diagnostic yield was not signif-
icantly different between ROSE (84.2%, 139/165) and no
ROSE (79.8%, 130/163) in 3 RCTs (OR, 1.36; 95% CI, .77-
2.41; I* = 0%) (Supplementary Fig. 10A, available online at
www.gicjournal.org)."***** No statistical difference was
found in sample adequacy when ROSE was present (70.9%,
527/743) or absent (82.5%, 605/733) in 6 RCTs (OR, .50;
95% CI, .21-1.45; I = 88%) (Supplementary Fig. 10B).>*"*

Need for repeated biopsy sampling

Performing ROSE did not reduce the need for future
repeated pancreatic mass biopsy sampling as compared
with no ROSE in 3 RCTs (OR, .73; 95% CI, .30-1.80; I* =
0%) (Supplementary Fig. 10C).°"6%4

Needle passes and procedure duration

Six RCTs found no difference in the number of passes
performed with and without ROSE (MD, —1.06 passes;
95% CI, —2.18 to .06; I* = 99%) (Supplementary
Fig. 10D).>*°** In 6 RCTs, the procedure duration was
not different between ROSE and no ROSE (MD, 2.29 mi-
nutes; 95% CI, —1.84 to 6.42; I* = 99%) (Supplementary
Fig. lOE).ﬁZ'GO’("i

Adverse events

Adverse events occurred at a similar rate with ROSE
(2.6%, 16/611) and without ROSE (1.8%, 11/602) in 4
RCTs (OR, 148; 95% CI, .46-4.80; I° = 36%)

(Supplementary Fig. 10F),>*°1%

Subgroup analysis with FNB needles

In the 2 RCTs evaluating the role of ROSE with FNB nee-
dles, the addition of ROSE resulted in lower sample ade-
quacy as compared with no ROSE (OR, .67; 95% CI, .49-

92; I = 0%) (Fig. 9).°"°* Moreover, the mean procedure
duration of EUS-FNB in 2 RCTs was prolonged by 6.99 mi-
nutes when ROSE was used (95% CI, 3.97-10.02; I* = 38%)
(Fig. 10).°"°" In 1 RCT, .1 fewer FNB needle passes were
needed with ROSE (95% CI, —-.15 to —.05) (Fig. 11) as
compared with 3 passes without ROSE; however, this dif-
ference was not clinically meaningful.”’ Other outcomes
with FNB needles were not different from the overall
results.

Subgroup analysis with FNA needles

With regard to the performance of ROSE when using FNA
needles, 3 RCTs found that ROSE reduced the number of
needle passes as compared with no ROSE (MD, —1.97 passes;
95% CI, —2.93 to —1.01; I* = 97%) (Fig. 11).°"°* This was
explained by the need to perform as many as 7 FNA passes
in the absence of ROSE. All other outcome comparisons be-
tween ROSE and no ROSE with FNA needles were similar to
the overall results.

Subgroup analysis comparing FNA with ROSE
versus FNB sampling without ROSE

One study compared FNA with ROSE and FNB sampling
without ROSE and showed that EUS-FNA with ROSE re-
sulted in lower sample adequacy (OR, .08; 95% CI, .04-
.16) (Fig. 9), extended the procedure duration by 3.4 mi-
nutes (95% CI, .96-5.84) (Fig. 10), and required .7 more
needle passes (95% CI, .47-.93) (Fig. 11).%

Certainty in the evidence

The risk of bias was judged to be not serious for most out-
comes (Supplementary Fig. 11A and B, available online at
www.giejournal.org), except the need for repeated biopsy
sampling, in which 2 of the 3 included RCTs had some con-
cerns for risk of bias.”"*** We rated down for inconsistency
in sample adequacy (I* = 88%), number of needle passes
(I* = 99%), and procedure duration (I* = 99%) because
of considerable heterogeneity. There was concern with
inconsistency in adverse events because 1 study had a
different direction of effect as compared with the other
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ROSE No ROSE Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
10.9.1 FNA + ROSE vs FNA alone
Lee 2016 62 73 63 69 16.8% 0.54 [0.19, 1.54] —
Nebel 2021 30 33 26 32 14.0% 2.31[0.52, 10.16] ]
Wani 2015 109 121 104 120 18.4% 1.40 [0.63, 3.10] B
Subtotal (95% CI) 227 221 49.2% 1.13 [0.53, 2.41] ‘
Total events 201 193

Heterogeneity: Tau? = 0.16; Chi? = 3.08, df = 2 (P = 0.21); I = 35%
Test for overall effect: Z = 0.31 (P = 0.76)

10.9.2 FNB + ROSE vs FNB alone

Crino 2021 272 385 301 386 20.6% 0.68 [0.49, 0.94] =
Magdaleno 2020 7 11 9 11 11.2% 0.39 [0.05, 2.77] =
Subtotal (95% Cl) 396 397 31.8% 0.67 [0.49, 0.92] <
Total events 279 310

Heterogeneity: Tau? = 0.00; Chi? = 0.30, df = 1 (P = 0.58); I = 0%
Test for overall effect: Z = 2.45 (P = 0.01)

10.9.3 FNA + ROSE vs FNB alone

Chen 2022 47 120 102 115 19.0% 0.08 [0.04, 0.16] —
Subtotal (95% Cl) 120 115 19.0% 0.08 [0.04, 0.16] .
Total events 47 102

Heterogeneity: Not applicable
Test for overall effect: Z = 7.17 (P < 0.00001)

Total (95% ClI) 743 733 100.0% 0.56 [0.21, 1.45] i
Total events 527 605

- 2 _ G 2 _ _ .12 — 889, } } }
Heterogeneity: Tau® = 1.13; Chi® = 40.56, df = 5 (P < 0.00001); I° = 88% 0.01 o1 ] 10 100
Test for overall effect: Z = 1.20 (P = 0.23) Favours [No ROSE] Favours [ROSE]
Test for subgroup differences: Chi? = 34.35, df = 2 (P < 0.00001), I1> = 94.2%

Figure 9. Forest plot comparing sample adequacy of EUS-guided tissue acquisition of solid pancreatic masses with and without ROSE by needle type.
ROSE, Rapid on-site evaluation; CI, confidence interval; FNB, fine-needle biopsy.

ROSE No ROSE Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
10.5.1 FNA + ROSE vs FNA alone
Lee 2016 29 7.25 73 32 5.75 69 17.8% -3.00[-5.15, -0.85] -
Nebel 2021 30 11.3 33 37 7.2 32 15.2% -7.00[-11.59, -2.41] S —
Wani 2015 23.8 14.2 121 19.3 8.2 120 17.1% 4.50 [1.58, 7.42] ——
Subtotal (95% CI) 227 221 50.2% -1.66 [-7.72, 4.39] ’-

Heterogeneity: Tau? = 25.80; Chi? = 23.42, df = 2 (P < 0.00001); I> = 91%
Test for overall effect: Z = 0.54 (P = 0.59)

10.5.2 FNB + ROSE vs FNB alone

Crino 2021 179 8.8 385 11.7 6 386 18.5% 6.20 [5.14, 7.26] -
Magdaleno 2020 44 7.5 11 34 6.3 11 13.7%  10.00 [4.21, 15.79] —_—
Subtotal (95% CI) 396 397 32.2% 6.99 [3.97, 10.02] <

Heterogeneity: Tau? = 2.71; Chi? = 1.60, df = 1 (P = 0.21); I* = 38%
Test for overall effect: Z = 4.53 (P < 0.00001)

10.5.3 FNA + ROSE vs FNB alone

Chen 2022 22.7 109 120 19.3 8 115 17.6% 3.40 [0.96, 5.84] —
Subtotal (95% CI) 120 115 17.6% 3.40 [0.96, 5.84] L 2
Heterogeneity: Not applicable

Test for overall effect: Z = 2.73 (P = 0.006)

Total (95% CI) 743 733 100.0% 2.29 [-1.84,6.42] ?
- 2 _ . Chi? — - S 12 = 949 t } t t t
Heterogeneity: Tau® = 23.67; Chi 83.81, df = 5 (P < 0.00001); | 94% 30 10 ) o 20
Favours [ROSE] Favours [No ROSE]

Test for overall effect: Z = 1.09 (P = 0.28)
Test for subgroup differences: Chi? = 7.29, df = 2 (P = 0.03), I> = 72.5%

Figure 10. Subgroup analysis comparing procedure duration of EUS-guided tissue acquisition of solid pancreatic masses with and without ROSE by nee-
dle type. ROSE, Rapid on-site evaluation; CI, confidence interval; FNB, fine-needle biopsy; SD, standard deviation.
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ROSE No ROSE Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
10.2.1 FNA + ROSE vs FNA alone
Lee 2016 5 0.75 73 7 0.01 69 20.1% -2.00[-2.17,-1.83] -
Nebel 2021 26 0.8 33 3.5 0.8 32 19.7% -0.90[-1.29, -0.51] —
Wani 2015 4 1.7 121 7 0.7 120 19.9% -3.00 [-3.33, -2.67] -
Subtotal (95% CI) 227 221 59.7% -1.97 [-2.93, -1.01] i
Heterogeneity: Tau? = 0.69; Chi? = 66.15, df = 2 (P < 0.00001); I> = 97%
Test for overall effect: Z = 4.03 (P < 0.0001)
10.2.2 FNB + ROSE vs FNB alone
Crino 2021 29 0.4 385 3 0.3 386 20.2% -0.10[-0.15, -0.05] L
Magdaleno 2020 6 0.5 11 4 0 11 Not estimable
Subtotal (95% ClI) 396 397 20.2% -0.10[-0.15, -0.05] )
Heterogeneity: Not applicable
Test for overall effect: Z = 3.93 (P < 0.0001)
10.2.3 FNA + ROSE vs FNB alone
Chen 2022 3 1.1 120 23 0.6 115 20.1% 0.70[0.47, 0.93] -
Subtotal (95% CI) 120 115 20.1% 0.70 [0.47, 0.93] L
Heterogeneity: Not applicable
Test for overall effect: Z = 6.09 (P < 0.00001)
Total (95% CI) 743 733 100.0% -1.06[-2.18, 0.06] i
Heterogeneity: Tau? = 1.62; Chi? = 780.65, df = 4 (P < 0.00001); I = 99% _54 _52 3 3 i

Test for overall effect: Z = 1.85 (P = 0.06)

Favours [ROSE] Favours [No ROSE]

Test for subgroup differences: Chi?2 = 61.38, df = 2 (P < 0.00001), I> = 96.7%

Figure 11. Subgroup analysis comparing number of passes of EUS-guided tissue acquisition of solid pancreatic masses with and without ROSE by needle
type. ROSE, Rapid on-site evaluation; CI, confidence interval; FNB, fine-needle biopsy; SD, standard deviation.

studies. Issues occurred with imprecision for all outcomes
except procedure duration, given the benefits of using
ROSE in 1 extreme and benefit in favor of no ROSE in the
other extreme. No issues were seen with indirectness or
publication bias with any of the included studies
(Supplementary Fig. 12A-G, available online at www.
gicjournal.org). The quality of evidence ranged from very
low to moderate. A full evidence profile for this question is
provided in Table 6.

Other considerations

Three RCTs evaluated the cost related to adding ROSE
to EUS-TA of pancreatic masses. One RCT showed that
the cost of FNA with ROSE was significantly higher
compared with FNA without ROSE ($1058 vs $375, P <
.01).°* In contrast, another RCT showed comparable costs
for EUS-FNA with and without ROSE ($2053 vs $2090).°" In
another RCT, the cost of FNB sampling without ROSE
($764) was also comparable with FNA with ROSE
($719).”° No formal cost-effectiveness studies compared
EUS-TA with and without ROSE. No data were found on pa-
tient values and preferences.

Discussion

ROSE is a method to obtain real-time evaluation and
feedback of a sampled specimen, which theoretically
should improve sample adequacy and diagnostic accuracy
while reducing the number of needle passes during EUS-
TA of solid pancreatic masses. Early observational studies
suggested that use of ROSE was associated with better
sample adequacy and diagnostic accuracy of pancreatic

masses as compared with no ROSE.”™*® Several subse-
quent RCTs comparing EUS-TA with and without ROSE
have been conducted over the last decade and have failed
to confirm the benefits of ROSE. In our systematic review
and meta-analysis of 6 RCTs, we found that adding ROSE
resulted in similar diagnostic accuracy, diagnostic yield,
sample adequacy, need for repeated procedures, number
of passes, procedure duration, and adverse events as
compared with EUS-TA of pancreatic masses without
ROSE. This is similar to the results of a meta-analysis of 7
studies (6 observational and 1 RCT) showing that ROSE
did not increase diagnostic yield or sample adequacy and
did not reduce the number of needle passes.”’

Not only did ROSE results in a lack of differences in
measurable outcomes, but ROSE required more resources
and may be more costly compared with not performing
ROSE, as demonstrated in 1 RCT.°* The costs entailed in
ROSE vary across institutions and include costs for a
trained technician, trained cytopathologist, microscope,
and longer anesthesia time. In addition, there are logistical
and personnel challenges to performing ROSE in clinical
practice, which makes this service not equally available
or used in all institutions. ROSE using telecytology may
offer a solution to staffing issues and unit efficiency by al-
lowing the cytopathologist to perform ROSE remotely.”
Novel artificial intelligence systems are being tested that
may eliminate the need for a trained cytopathologist and
may make ROSE more widely available in the future.””

In a subgroup analysis based on needle type, when
an FNB needle was used, we found that adding ROSE re-
quired longer procedure duration, provided lower sample
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TABLE 6. Evidence profile for population, intervention, comparator, and outcome question 4: in patients with solid pancreatic masses
undergoing EUS-guided tissue acquisition, is ROSE beneficial as compared with no ROSE?

Certainty assessment No. of patients Effect
No. of Study Risk of Other No Relative
studies design bias Inconsistency Indirectness Imprecision considerations ROSE ROSE  (95% CI) Absolute (95% Cl) Certainty Importance

Diagnostic accuracy (diagnostic odds ratio)

5 Randomized Not Not serioust  Not serious Serious} None 676/732 671/722  OR .93 5 fewer per 1000 (from @@EBHO  CRITICAL
trials serious*® (92.3%) (92.9%) (62-1.39) 39 fewer to 19 more)  Moderate

Diagnostic yield

3 Randomized Not Not seriousf  Not serious Very None 139/165 130/163 OR 1.36 45 more per 1000 (from @PPHOCO  CRITICAL
trials serious serious (84.2%) (79.8%) (.77-2.41) 45 fewer to 107 more) Low

Sample adequacy

6 Randomized Not Serious Not serious  Serious** None 527/743 605/733 OR .56 100 fewer per 1000 (from OO  CRITICAL
trials serious|| (70.9%) (82.5%) (.21-1.45) 327 fewer to 47 more) Low

Sample adequacy: FNA with ROSE vs FNA without ROSE

3 Randomized Not Not serious  Not serious  Serioust+ None 201/227 193/221 OR 1.13 13 more per 1000 (from @PHEPO IMPORTANT
trials serious (88.5%) (87.3%) (.53-241) 88 fewer to 70 more) ~ Moderate

Sample adequacy: FNB sampling with ROSE vs FNB sampling without ROSE

2 Randomized Not Not serious  Not serious  Serioust+ None 279/396 310/397 OR .67 76 fewer per 1000 (from @PPHEPO IMPORTANT
trials serious (70.5%) (78.1%)  (49-92) 145 fewer to 15 fewer)  Moderate

Need for repeated biopsy sampling

3 Randomized seriousii Not seriousf  Not serious Very None 9/469  12/466  OR .73 7 fewer per 1000 (from  @OOCO  CRITICAL
trials serious§§ (19%) (2.6%) (.30-1.80) 18 fewer to 20 more) Very low

Mean number of needle passes

5 Randomized Not Very Not serious  SeriousYq None 743 733 = MD 1.06 fewer (2.18 SOO0O  CRITICAL
trials serious|| serious|||| fewer to .06 more) Very low

Mean duration of the procedure

6 Randomized Not Very Not serious Not None 743 733 = MD 2.29 min more (1.84 @@GOO IMPORTANT
trials serious|| serious|||| serious™** fewer to 6.42 more) Low

Mean duration of the procedure: FNA with ROSE vs FNA without ROSE

3 Randomized Not serious| Not serious  Seriousiii None 227 221 = MD 1.66 min fewer (772 @@OO IMPORTANT
trials serious fewer to 4.39 more) Low

Mean duration of the procedure: FNB sampling with ROSE vs FNB sampling without ROSE

2 Randomized Not Not serious  Not serious  Not serious None 396 397 — MD 6.99 min more (3.97 PP IMPORTANT
trials serious more to 10.02 more) High

Adverse events

4 Randomized Not Serious§§§ Not serious Very None 16/611  11/602 OR 1.48 9 more per 1000 (from @OOCO  CRITICAL
trials serious* serious§ (2.6%) (1.8%) (46-4.80) 10 fewer to 64 more) Very low

ROSE, Rapid on-site evaluation; Cl, confidence interval; FNB, fine-needle biopsy; MD, mean difference; OR, odds ratio; —, unable to calculate the relative effect for this continuous
outcome.

*One study (Crino et al, 2021°") was judged to be at high risk bias, but there was no difference between estimates from low risk studies and this study.

7 = 0% and in most studies the point estimates and 95% Cls overlap considerably.

iLimits of Cl suggest a better diagnostic accuracy associated with using ROSE in 1 extreme and worse diagnostic accuracy on the other extreme.

§A small number of events not meeting optimal information size criteria. Limits of Cl suggest a small benefit in 1 extreme for ROSE and benefit important to patients in the other
for not using ROSE.

[[Two studies were judged to have some concerns for overall risk of bias (Crino et al [20211°" and Magdaleno et al [2020]°%), but a test of the interaction showed no difference
between estimates from low-risk studies and those at high risk of bias.

g Considerable heterogeneity (> = 88%). The Cl of some studies do not overlap with those of some studies and/or the point estimate of some of the included studies and the
direction of the effect is not consistent between the included studies.

**Limits of Cl suggest a large benefit in favor of using ROSE in 1 extreme and a large benefit in favor of not using ROSE on the other extreme. Because imprecision is linked to
inconsistency and use of a random-effects model, certainty of the evidence was rated down by only 1 level.

tTLimits of Cl cross 1.

$1Two of 3 included studies (Crino et al [2021]°' and Magdaleno et al [2020]%%) were judged to have some concerns for an overall risk of bias.

§8Wide 95% Cl with a small number of events not meeting optimal information size criteria.

||||Considerable heterogeneity (* > 90%). The Cls of most studies do not overlap with those of some studies and the direction of the effect is not consistent between the
included studies.

9Wide 95% ClI with its limits suggesting benefits in favor of ROSE in 1 extreme and trivial benefit in favor of no ROSE.

***The limits of the Cl suggest trivial benefit on either extreme.

2 = 91%.

t1fLimits of Cl interval cross 0.

§850ne study (Nebel et al, 2021%%) had a different direction of effect with some overlap of 95% Cl.
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adequacy, and was otherwise no different in other clinical
outcomes as compared with no ROSE. The lower sample
adequacy with ROSE was explained by the reduction of
the overall histologic material and partial use for touch-
imprint cytology required for ROSE.”" These data highlight
that ROSE carries some undesirable effects without advan-
tages when FNB needles are used and can thereby be obvi-
ated with EUS-FNB of solid pancreatic masses. In contrast,
when FNA needles are used, our results demonstrated that
ROSE reduced the number of needle passes as compared
with not using ROSE. However, without a difference in
other outcomes, it is difficult to justify whether the 2 fewer
passes with EUS-FNA with ROSE have any impact in patient
care or unit efficiency.

The panel acknowledged that ROSE may provide some
unmeasured benefits. Although not its primary objective,
ROSE can provide a preliminary diagnosis of malignancy
when performed by a cytopathologist. In clinical practice,
this may aid same-session treatment decisions when
considering placement of uncovered metal biliary or duo-
denal stents, application of CPN, and performing EUS-
guided gastrojejunostomy or EUS-guided choledochoduo-
denostomy if ERCP fails. Formal cost-effectiveness analyses
could be performed to elucidate the potential benefits of
ROSE in these scenarios. A positive preliminary diagnosis
may also allow endosonographers to start the discussion
of pancreatic cancer diagnosis immediately after the pro-
cedure and to initiate prompt coordination of oncologic
care. However, the panel expressed concern with the
use of preliminary diagnosis with ROSE, because this is
not a definitive diagnosis and may change on the final his-
topathologic report. The accuracy of preliminary diagnoses
using ROSE was not reported in any of the RCTs of our sys-
tematic review and deserves future investigation.

This guideline did not specifically assess the optimal
number of passes required with FNB needles when ROSE
is not used. Emerging data, including a recent RCT and
meta-analysis of RCTs,””"" suggested that a minimum of
2 passes with contemporary FNB needles are optimal to
accurately diagnose solid pancreatic masses and to obtain
an adequate sample in the absence of ROSE. In 1 RCT,
the addition of MOSE to guide the number of passes
seemed to reach a similar accuracy as FNB sampling
without ROSE or MOSE; however, MOSE required fewer
number of passes (1 with MOSE vs 3 without MOSE).””
An adequate sample with MOSE is considered when the
sample reveals several worm-like whitish or yellowish cores
clearly longer than 10 mm on visual inspection. If adequacy
with MOSE is doubtful with subjective inspection, the ma-
terial is removed from the container, aligned on a slide,
and the entire length measured using a ruler to ensure
the sample is >10 mm. Future studies are needed to define
if endosonographers should be performing MOSE
routinely in the absence of ROSE; however, current data
do not support the superiority of MOSE over FNB needle

passes without ROSE or MOSE other than potentially

reducing the number of passes.

In summary, based on the moderate to low quality of
the evidence and after considering all desirable and unde-
sirable effects, the panel made a conditional recommenda-
tion against the routine use of ROSE in patients
undergoing initial EUS sampling of a solid pancreatic
mass. This does not mean that ROSE should never be
used; however, its use should not be a routine part of
EUS-TA of pancreatic masses, especially when FNB needles
are used. The panel discussed some circumstances in
which ROSE may be considered when available:

1. Initial nondiagnostic EUS sampling

2. Lesion not clearly seen or obscured by artifact (eg, stent,
pancreatitis changes)

3. Use of an FNA needle (although not recommended in
this guideline, FNA needles may be used when FNB nee-
dles are unavailable)

4. A preliminary diagnosis is desired to guide immediate
treatment decisions and a cytopathologist is willing to
provide an on-site diagnosis

Question 5: In patients with distal malignant biliary
obstruction undergoing ERCP, are SEMS superior to
Dlastic stents?

Recommendation 5: For patients with distal malig-
nant biliary obstruction undergoing ERCP, the ASGE
suggests using SEMS over plastic stents.

(Conditional recommendation/low quality of evi-
dence)

A systematic review and meta-analysis of RCTs was per-
formed to address this question. A single literature search in-
forming PICO questions 5 and 6 was conducted through
February 17, 2022. A PRISMA diagram detailing study
screening is provided in Figure 12. A total of 2814 citations
were found, and 48 full-text manuscripts were reviewed for
eligibility. We identified 15 RCTs that compared SEMS with
plastic stents among 1253 patients with distal malignant
biliary obstruction.” ™’ All studies were full-text publications
and used a parallel RCT design. Eleven studies included var-
iable causes of distal malignant biliary obstruction, with
pancreatic cancer being the predominant etiology (range,
539%-88%). 778082858557 The other 4 RCTs enrolled
only patients with pancreatic cancer.””’%%"** Ten studies
included patients with unresectable malignancy,””*%*%/
whereas 4 studies included resectable or borderline resect-
able disease,””"*%"®! and 1 study included variable stag-
ing.”” The type of SEMS more commonly used was
uncovered in 6 studies’>” %% followed by fully covered
in 4 studies ****"%% and partially covered in 1 study.”” The
remaining 4 studies either did not mention SEMS type or
used variable types. Plastic stents were of 10F diameter in

€18 GASTROINTESTINAL ENDOSCOPY Volume 100, No. 5 : 2024

www.giejournal.org


http://www.giejournal.org

Role of endoscopy in solid pancreatic masses

Studies from databases/registers (n = 2814)

c
S
L
©
g
&
=
[=
()
°

References removed (n = 2050)

Vv
Studies screened (n = 764) >{ Studies excluded (n = 716)
Studies sought for retrieval (n = 48) >| Studies not retrieved (n = 0)

v

Studies assessed for eligibility (n = 48)

Screening

Studies excluded (n = 24)
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Figure 12. Preferred Reporting Items for Systematic reviews and Meta-Analyses diagram showing the studies included in the systematic review evaluating
ERCP with stent placement of distal malignant biliary obstruction (PICO questions 5 and 6). PICO, Population, intervention, comparator, and outcomes.
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Metal
Study Mean SD
Davids 1992 8.98 2.87
Katsinelos 2006 8.38 4.34
Knyrim 1993 6.20 1.90
Soderlund 2006 3.60 2.50
Moses 2013 12.80 1.75
Isayama 2011 9.50 4.45
Schmidt 2014 2.63 1.96
Walter 2015 9.10 6.80

Total (95% Cl)

Plastic
Total Mean SD Total
49 414 390 56
23 4.06 044 24
31 460070 31
49 1.80 250 49
42 510 0.70 43

55 6.70 3.58 58
18 1.68 0.74 16
146 5.70 6.70 73
413 350

Weight
12.5%

MD [95% CI]

Stent patency (months)
4.83[3.53;6.13] ;

—_—

11.6% 4.32[2.54; 6.11] i
13.2% 1.60[0.89; 2.31] B

12.9% 1.80[0.81;2.79] B

13.4% 7.70[7.13; 8.27] : =

Heterogeneity: Tau? = 4.8606; Chi? = 266.52, df = 7 (P < 0.01); 1> = 97%

12.1% 2.80 [ 1.31; 4.29] B
12.9% 0.95 [-0.02; 1.93] ol
11.4% 3.40 [ 1.51; 5.29] —=—
100.0% 3.43 [ 1.83; 5.02] o
e
-5 0 5

Favours Plastic Favours Metal

Figure 13. Forest plot comparing stent patency between metal and plastic biliary stents in patients with distal malignant biliary obstruction. CI, Confi-

dence interval; SD, standard deviation.

Metal Plastic
Study Events Total Events Total Weight
Davids 1992 16 49 30 56 18.7%
Kaassis 2003 11 59 22 59 10.5%
Knyrim 1993 6 27 12 28 6.1%
Prat 1998 6 34 24 33 72%
Soderlund 2006 9 49 22 51 92%
Isayama 2011 13 55 31 58 14.6%
Bernon 2018 1 21 7 19 1.0%
Schmidt 2015 4 18 10 16 4.6%
Walter 2015 19 146 23 73 14.2%
Song 2016 2 43 7 43 1.8%
Tamura 2021 2 1" 8 11 24%
Gardner 2016 10 33 11 21 95%

Total (95% Cl) 545

468 100.0%
Heterogeneity: Tau? = 0; Chi? = 7.92, df = 11 (P = 0.72); 1> = 0%

RR [95% CI] Stent occlusion
0.61[0.38; 0.98]
0.50 [0.27; 0.94] —-
0.521[0.23; 1.18] —e—
0.24[0.11; 0.52] —.—
0.43 [0.22; 0.83] ——
0.44 [0.26; 0.75] -
0.13[0.02; 0.96] ——=———
0.36 [0.14; 0.91] ——
0.41[0.24; 0.71] -
0.29 [0.06; 1.30] —_—
0.25[0.07; 0.92] —a
0.58[0.30; 1.12] —H
0.45 [0.36; 0.55] +
|
04 0512 10

Favours Metal Favours Plastic

Figure 14. Forest plot comparing stent failure rate between metal and plastic biliary stents in patients with distal malignant biliary obstruction. CI, Con-

fidence interval; RR, risk ratio.
11 studies, 8155558 whereas 2 studies used 11.5F plastic
stents””%° and 2 studies did not mention stent diameter or
used variable diameters. No planned stent exchange was
conducted in any of the studies.

Survival

The mean survival in patients undergoing ERCP for
drainage of distal malignant biliary obstruction was similar
with either metal or plastic biliary stents in 6 RCTs (MD, .66
months; 95% CI, —39 to 1.71; I* = 69%) (Supplementary
Fig.  13A, available online at www.giejournal.
org). ?BEELESET 10 g sensitivity analysis after removing
1 RCT with outlier results and a high risk of bias,”” the
mean survival was higher with SEMS as compared with
plastic stents in the remaining 5 RCTs (MD, 1.12 months;
95% CI, .26-1.99; I> = 0%).”>%>%*5>%7 The rate of mortality
at 30 days was not different between SEMS (9.8%, 18/184)
and plastic stents (6.3%, 12/190) in 5 RCTs (OR, 1.65; 95%
Cl, .78-3.49; I’ = 0%) (Supplementary Fig. 13B). %557

Stent patency, cholangitis, and reinterventions

In patients with distal malignant biliary obstruction, SEMS
had 3.4 months longer patency than plastic stents in 8 RCTs
(95% CI, 1.83-5.02; I* = 97%) (Fig. 13).//%77845557 15 12
RCTs, the rate of stent failure was lower with SEMS (18.2%,
99/545) as compared with plastic stents (44.2%, 207/468)
(OR, .45; 95% CI, .36-.55; I* = 0%) (Fig. 14)./>/ /078808287
As a result, patients with SEMS were less likely to develop
acute cholangitis (10.0%, 49/488) than patients with plastic
stents (19.6%, 85/433) in 11 RCTs (OR, .53; 95% CI, .33-.87;
P = 44%) (Fig. 15)./"/0788082855557 1 addition, SEMS
also reduced the need for unplanned endoscopic reinterven-
tions (19.0%, 28/147) as compared with plastic stents (37.3%,
59/158) in 4 RCTs (OR, .58; 95% CI, .40-.85; I = 28%)
(Fig. 16)_“5,80,81,8*

When assessing the causes for stent failure, SEMS were
less likely to get occluded by stones or sludge than plas-
tic stents in 7 RCTs (OR, .14; 95% CI, .09-.23; I* = 0%)

(Supplementary Fig. 15C).ﬁ(”ﬁ8’82’84’8ﬁ As compared with
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Metal Plastic
Study Events Total Events Total Weight RR [95% CI] Cholangitis or sepsis
Davids 1992 12 49 23 56 19.3% 0.60[0.33; 1.07] i
Kaassis 2003 0 59 1 59 21% 0.33[0.01;8.02]
Katsinelos 2006 18 23 15 24 23.1% 1.25[0.86; 1.83] |
Knyrim 1993 4 27 10 28 12.1% 0.41[0.15; 1.16] ——
Soderlund 2006 0 49 2 51 24% 0.21[0.01;4.23] ————=——+——
Moses 2013 4 42 11 43 11.7% 0.37 [0.13; 1.08] —il—
Bernon 2018 0o 21 4 19 26% 0.10[0.01;1.75] ———=—++
Schmidt 2015 2 18 5 16 7.6% 0.36[0.08; 1.59] —
Walter 2015 8 146 5 73 11.5% 0.80[0.27; 2.36] ——
Song 2016 0 43 2 53 24% 0.25[0.01;4.99] ———=—1T—
Tamura 2021 1 11 7 11  5.2% 0.14[0.02; 0.98] ——
Total (95% ClI) 488 433 100.0% 0.53 [0.33; 0.87] <>

Heterogeneity: Tau? = 0.2286; Chi’ = 17.76, df = 10 (P = 0.06); I* = 44% ' ' ' '

0.01 041 1 10 100
Favours Metal Favours Plastic

Figure 15. Forest plot comparing risk of cholangitis or sepsis between metal and plastic biliary stents in patients with distal malignant biliary obstruction.

ClI, Confidence interval; RR, risk ratio.

Metal Plastic
Study Events Total Events Total Weight RR [95% CI] Rate of re—interventions
Davids 1992 15 49 26 56 54.3% 0.66[0.40; 1.09] :
Katsinelos 2006 7 23 16 24 30.2% 0.46[0.23; 0.90] -
Mandai 2021 0 32 10 35 1.8% 0.05[0.00; 0.85]
Song 2016 6 43 7 43 13.8% 0.86[0.31;2.34] —a—
Total (95% CI) 147 158 100.0% 0.58 [0.40; 0.85] <

Heterogeneity: Tau? < 0.0001; Chi? = 4.16, df = 3 (P = 0.25); I> = 28% ' ' ' '

0.01 041 1 10 100
Favours Metal Favours Plastic

Figure 16. Forest plot comparing risk of reintervention rate between metal and plastic biliary stents in patients with distal malignant biliary obstruction.

ClI, Confidence interval; RR, risk ratio.

plastic stents, SEMS were more likely to fail because of tissue
ingrowth (OR, 7.60; 95% CI, 2.05-28.23; I* = 0%)
(Supplementary Fig. 13D).” 5545957 The risk of migration
was similar for SEMS and plastic stents (OR, .81; 95% CI,
21-3.13; I* = 44%) (Supplementary Fig. 13E).”7%8%8487

Post-ERCP adverse events

The rate of post-ERCP adverse events in distal malignant
biliary obstruction was no different for SEMS (12.7%, 31/
245) and plastic biliary stents (8.1%, 19/235) in 7 RCTs
(OR, 1.21; 95% CI, .41-3.56; I* = 62%) (Supplementary
Fig. 13F). %77 7880858% The rate of post-ERCP pancrea-
titis was similar for SEMS (3.1%, 15/481) and plastic stents
(1.4%, 6/416) in 10 RCTs (OR, 1.91; 95% CI, .65-5.63; I* =
16%) (Supplementary Fig. 13G).*/>/#%1555 No differ-
ence in the rate of acute cholecystitis was found after
SEMS (3.7%, 14/374) or plastic stents (1.9%, 6/310) in 8
RCTs (OR, 1.61; 95% CI, .62-4.16; I* = 0%)
(Supplementary Fig. 13H).”¢7879:81:8487

Surgical outcomes
Surgical resectability was comparable between patients
who underwent SEMS (61.3%, 73/119) and plastic stent

(67.3%, 74/110) placement in 4 RCTs (OR, .90; 95% CI,
77-1.05; I* = 20%) (Supplementary Fig. 151).77’78’8”’8] No
differences were found in the rates of postoperative
adverse events between SEMS (38.1%, 24/63) and plastic
stents (30.6%, 22/72) in 3 RCTs (OR, 1.38; 95% CI, .45-
4.25; I = 63%) (Supplementary Fig. 13]).”%%0:8!

Subgroup analysis

We found no differences in the overall results in sub-
group analyses by etiology of malignant obstruction
(studies with pancreatic cancer only vs variable etiology
of distal malignhant obstruction), malignancy staging
(resectable vs unresectable), type of metal stent (covered
vs uncovered), or plastic stent diameter (10F vs 11.5F).

Certainty in the evidence

The risk of bias (Supplementary Fig. 14A and B, avail-
able online at www.giejournal.org) was determined to be
serious for most outcomes, except for 30-day mortality,
stent failure rate, and etiology of stent failure. Inconsis-
tency was concerning for mean survival, post-ERCP adverse
events, and stent migration, because the direction of effect
varied across studies for these outcomes. We also rated
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TABLE 7. Evidence profile for population, intervention, comparator, and outcome question 5: in patients with distal malignant biliary
obstruction undergoing ERCP, are SEMS better than plastic stents?

Certainty assessment No. of patients Effect
No. of Study Risk Other Plastic Relative
studies design of bias Inconsistency Indirectness Imprecision considerations SEMS  stents (95% Cl)  Absolute (95% Cl) Certainty Importance
Mean survival time (mo)
6 Randomized  Serious* Serious T Not serious Serious? None 236 248 = MD .66 mo higher @OOCO  CRITICAL
trials (.39 lower to Very low
1.71 higher)
30-day mortality
5 Randomized Not Not Not serious Very None 18/184  12/190 RR 1.65 41 more per 1000 PHOO  CRITICAL
trials serious§ serious| seriousq| (9.8%) (6.3%) (.78-3.49) (from 14 fewer Low

to 157 more)

Mean stent patency (mo)

8 Randomized  Serious** SeriousTf Not serious Not None 413 350 = MD 3.43 mo higher @POO  CRITICAL
trials serioustt (1.83 higher Low
to 5.02 higher)

Stent failure rate

12 Randomized Not Not Not serious Not Publication 99/545 207/468 RR 45 243 fewer per 1000 HPHEPO  CRITICAL
trials serious§§ serious| serious bias strongly  (18.2%) (44.2%) (.36-.55) (from 283 fewer Moderate
suspected to 199 fewer)

Cholangitis or sepsis

11 Randomized  Serious|||| Not Not serious Serious*** Publication 49/488  85/433 RR .53 92 fewer per 1000 OO0  CRITICAL
trials serious9q bias strongly  (10.0%) (19.6%) (.33-.87) (from 132 fewer Very low
suspected to 26 fewer)

Need for reintervention

4 Randomized  Serioust{{ Not Not serious Serious*** None 28/147  59/158 RR .58 157 fewer per 1000 PEHOO  CRITICAL
trials serious (19.0%) (37.3%) (.40-.85) (from 224 fewer Low
to 56 fewer)

Postprocedure adverse events

6 Randomized  Serious: Serious§§6 Not serious Serious None 31/245 23/235 RR 1.21 21 more per 1000  @OOO  CRITICAL
trials (12.7%)  (9.8%) (.41-3.56) (from 58 fewer Very low
to 251 more)

Post-ERCP pancreatitis

8 Randomized Seriousl||||| Seriousf Not serious  SeriousqYq None 15/481  6/416 RR 191 13 more per 1000 OO0  CRITICAL
trials (3.1%) (1.4%) (.65-5.63) (from 5 fewer Very low
to 67 more)

Post-ERCP cholecystitis

7 Randomized Serious**** Not Not serious  Serious9 9 None 14/374  6/310 RR 1.61 12 more per 1000 HHOO CRITICAL
trials serious (3.7%)  (1.9%) (62-4.16) (from 7 fewer Low
to 61 more)

Surgical resectability

4 Randomized Serious{ Not Not serious SeriousY None 73/119  74/110 RR .90 67 fewer per 1000 PEPHOO  CRITICAL
trials serious (61.3%) (67.3%) (.77-1.05) (from 155 fewer Low
to 34 more)

Postoperative adverse events after resection

3 Randomized Serious: Not Not serious Very None 24/63 22/72 RR 1.38 116 more per 1000 OO0  CRITICAL
trials serious§§56 serious||||||| (38.1%) (30.6%) (.45-4.25) (from 168 fewer Very low
to 993 more)

Stent blockade from sludge/stone

7 Randomized Not Not Not serious Serious*** None 19/359 120/293 RR .14 352 fewer per 1000 PEPEPO IMPORTANT
trials serious§§ serious| (5.3%) (41.0%) (.09-.23) (from 373 fewer Moderate
to 315 fewer)

Stent tissue ingrowth

5 Randomized Not Not Not serious Very None 23/299 0.5/235 RR 7.60 14 more per 1000 HEHOO IMPORTANT
trials serious§§ serious| Serious Y9 (7.7%) (2%)  (2.05-28.23) (from 2 more Low
to 58 more)

(continued on the next page)

€22 GASTROINTESTINAL ENDOSCOPY Volume 100, No. 5 : 2024 www.giejournal.org


http://www.giejournal.org

Role of endoscopy in solid pancreatic masses

TABLE 7. Continued

Certainty assessment No. of patients Effect
No. of Study Risk Other Plastic Relative
studies design of bias Inconsi: y Indirectne: Imprecision considerations SEMS  stents (95% Cl)  Absolute (95% Cl) Certainty Importance
Stent migration
6 Randomized Not Serious§§ Not serious  Seriousq 999 None 10/359 11/296 RR .81 7 fewer per 1000  @PHOO IMPORTANT
trials serious§§ (2.8%) (3.7%) (.21-3.13) (from 29 fewer Low

to 79 more)

SEMS, Self-expandable metal stents; Cl, confidence interval; MD, mean difference; mo, months; RR, risk ratio; —, unable to calculate the relative effect for this continuous outcome.
*Most trials (4/6) had a high risk of bias or had some concern because of risk of bias.

iDespite a partial overlap of 95% Cls, the direction of effect varied across studies.

tLimits of Cl suggest a trivial benefit in favor of metal stents in 1 extreme and a small benefit in favor of plastic stents on the other extreme. Because imprecision is linked to
inconsistency and use of a random-effects model, certainty of the evidence was rated down by only 1 level.

§Two studies were judged to have an overall high risk of bias or some concern because of risk of bias (Davids et al [1992]%” and Prat et al [1998]"%), but a test of the interaction
showed no difference between estimates from low-risk studies and those at a high risk of bias.

[ = .0% and in most studies the point estimates and 95% Cls overlap considerably.

qLimits of Cl suggest a small benefit in favor of metal stents in 1 extreme and a large benefit in favor of plastic stents on the other extreme. A small number of events did not

meet the optimal information size criteria.

**Most studies (5/8) were judged to have an overall high risk of bias or some concerns because of a risk of bias with >60% of weight.

1Considerable heterogeneity (> = 97%). Certainty of the evidence was rated down by only 1 level because a risk of bias was potentially the source of inconsistency and clinical
inconsistency is trivial because the results of most included studies have similar clinical implication.

11The observed imprecision is most likely linked to inconsistency, risk of bias, and use of a random-effects model.

§8Not rated down for risk of bias because an equal number of trials was judged to be at high and low risk of bias, but P value for test of interaction showed no difference

between the 2 estimates.

[|/|Most trials (7/11) were at high risk of bias or had some concern because of the risk of bias.
€9 Considerable heterogeneity (> = 44%). Not rated down because clinical inconsistency was deemed not important because all results of included studies have a similar

clinical implication.
***A small number of events did not meet the optimal information size criteria.

+110nly 1 trial (Song et al, 2016°°) was judged to be at low risk of bias with <15% of weight showing no difference between metal and plastic stents.
11IMost trials (4/6 contributing to pooled estimate) were at high risk of bias or had some concerns.

§85Despite partial overlap of 95% Cls, the direction of effect varied across studies.

[|[l||Most trials (6/9 contributing to pooled estimate) were at high risk of bias or had some concern because of risk of bias.
q99Limits of CI suggest a trivial benefit in 1 extreme and benefit important to patients in the other. This is based on a small number of events not meeting the optimal

information size criteria.
**0nly 1 of 7 contributing trials (Isayama et al, 2011%%) was at a low risk of bias.

TTTTMost trials (3/4) were at a high risk of bias or had some concern because of risk of bias.
$111One study at an overall high risk of bias (Mandai et al, 2022°") and 1 study with some concern because of risk of bias (Tamura et al, 20217%) showed completely opposite

effects.

§856Because the observed heterogeneity (P = 63%) is largely linked to 2 studies with risk of bias problems, certainty of the evidence was not rated down any further.
[I[I]||Limits of CI suggest a large imprecise harm on both extremes based on a small sample size and small number of events. Because imprecision is likely linked to

inconsistency, certainty of the evidence was rated down by only 2 levels.

q9q9Limits of Cl suggest a benefit in favor of metal stents in 1 extreme and a benefit in favor of plastic stents in other. This is based on a small number of events, but because
imprecision is linked to inconsistency and use of a random-effects model, certainty of the evidence was rated down by only 1 level.

down for inconsistency in mean stent patency because of
significant heterogeneity (I* = 97%). Almost all outcomes
were rated down for imprecision except stent patency and
stent failure rate. The concern for imprecision in the out-
comes of cholangitis and need for reinterventions was
because of a small number of events not meeting the
optimal information size criteria. Other outcomes were
rated down for imprecision because the limits of the CI
suggested benefit in favor of metal stents in 1 extreme
and benefit in favor of plastic stents on the other extreme.
Publication bias was suspected in the rates of stent failure
and cholangitis (Supplementary Fig. 15A-C, available online
at www.giejournal.org). There was no concern with indi-
rectness of the evidence for any of the included studies.
The quality of evidence ranged from very low to moderate.
A complete evidence profile is shown in Table 7.

Other considerations
Metal stents are 10 to 15 times more expensive than
plastic stents. Several RCTs have compared the cost-

effectiveness between metal and plastic biliary stents. In
1 RCT, metal stents were more cost-effective than plastic
stents; however, a survival time of 3 to 6 months showed
no difference in cost-effectiveness, and if survival was <3
months, plastic stents were more cost-effective.”> Another
RCT showed that metal stents were more cost-effective in
patients without liver metastasis, whereas plastic stents
were more cost-effective in patients with liver metastasis
(median survival, 2.7 months).”* Another RCT found no
difference in cost-effectiveness between both stents in
the absence of liver metastasis, but plastic stents were
more cost-effective in patients with liver metastasis.”
Three other RCTs reported no difference in the cost-
effectiveness of metal and plastic stents.”””® We found
no studies reporting on patient values and preferences.

Discussion

Over half of patients with pancreatic cancer develop
jaundice because of distal common bile duct obstruction.””
This is associated with pruritus, fatigue, poor quality of life,
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and rarely cholangitis, all of which can be improved with
biliary decompression.”” Although some patients with
obstructive jaundice and resectable disease may not
require preoperative biliary drainage when upfront surgery
is planned within 2 weeks, many patients are not eligible
for upfront surgery and warrant biliary decompression.””!
With increasing use of neoadjuvant therapy among most
patients with borderline resectable and locally advanced
pancreatic cancer, as well as in many patients with resect-
able disease, those with obstructive jaundice benefit from
durable biliary drainage that allows for safe administration
of the treatment regimen.”””* In patients with unresectable
pancreatic cancer, biliary drainage facilitates palliative inter-
ventions and can improve survival as compared with no
biliary interventions.””> When biliary drainage is indicated,
ERCP is the preferred modality because it has been demon-
strated to increase survival, shorten hospital stay, reduce
adverse events, and decrease costs as compared with
percutaneous biliary drainage.”” In patients with distal ma-
lignant biliary obstruction because of confirmed or pre-
sumed pancreatic cancer in whom an ERCP is performed
for biliary drainage, there is still wide variability in the selec-
tion of plastic or metal biliary stents.”

Our systematic review and meta-analysis revealed that in
patients with distal malignant biliary obstruction, SEMS have
longer stent patency than plastic stents, which reduces the
risk of stent failure, cholangitis, and endoscopic reinterven-
tions. These results align with previous published meta-
analyses in distal malignant biliary obstruction.”””® The
shorter patency of plastic stents is because of biofilm forma-
tion and stent occlusion by sludge or stone. Despite the clin-
ical benefits of SEMS, we found no difference in survival or
surgical resectability between metal and plastic stents.
Even though 11 of the 15 RCTs in our meta-analysis included
patients with diverse causes of distal malignant biliary
obstruction, with pancreatic cancer the most common, a
subgroup analysis of the 4 RCTs that enrolled only patients
with pancreatic cancer showed similar results to those with
diverse malignancies. Thereby, our results are generalizable
to distal malignant biliary obstruction with or without a
pancreatic mass. Some outcomes such as rehospitalizations
or chemotherapy interruptions were not measured by the
included RCTs, but our results allow us to infer these are
likely less common with SEMS.

Although SEMS are superior to plastic stents in impor-
tant clinical outcomes, pancreatic masses often do not
have a confirmatory tissue diagnosis at the time of ERCP.
None of the RCTs included in our meta-analysis studied pa-
tients with this clinical situation, and data to guide stent se-
lection in patients with a pancreatic mass without a final
diagnosis are lacking. If the pretest probability of malig-
nancy is high and simultaneous EUS-TA is performed, the
panel favors the use of cSEMS. If the pretest probability
of malignancy is high and EUS is not available, a plastic
stent should be considered during ERCP, in addition to

cytology brushings with intraductal biopsy sampling. In
addition, because of the inferior accuracy of ERCP sam-
pling methods as compared with EUS-FNB for solid
pancreatic masses, patients undergoing ERCP often require
repeated procedures for sampling to establish a diagnosis,
which can be more difficult with a SEMS in place.””

The undesirable effects with SEMS and plastic stents
were not significantly different, including similar risk of
post-ERCP pancreatitis, post-ERCP cholecystitis, and post-
surgical adverse events. However, a SEMS is more costly
than a plastic stent and is less cost-effective when survival
is shorter than 3 months. Prognostic factors that predict
very poor survival in patients with pancreatic cancer
include Karnofsky scores <80 or presence of liver metasta-
ses.” "% When these or other factors suggest life expec-
tancy shorter than 3 months or when the anticipated
timing of a surgical resection is within 3 months, a plastic
stent might be reasonable. If this information is unknown,
endoscopists can consider placing a cSEMS or initiate a
multidisciplinary discussion with oncology and surgical
oncology to guide stent selection.

Question 6: In patients with distal malignant biliary
obstruction undergoing ERCP with SEMS, are covered
SEMS (cSEMS) superior to uncovered SEMS (uSEMS)?

Recommendation 6: Among patients with distal
malignant biliary obstruction undergoing ERCP with
SEMS, the ASGE suggests using cSEMS over uSEMS.

(Conditional recommendation/low quality of
evidence)

For patients with distal biliary obstruction from a
pancreatic mass and unconfirmed malignancy, the
ASGE recommends against uSEMS.

(Strong recommendation/low quality of evidence)

We identified 10 full-text parallel RCTs to address this ques-
tion, encompassing 1337 patients with distal malignant biliary
obstruction.” """ Of these, 3 RCTs enrolled only patients
with pancreatic cancer,””'"*'"” whereas 7 RCTs were in pa-
tients with various malignant etiologies of distal biliary
obstruction, "' %"% with pancreatic cancer the most com-
mon (range, 59%-92%). Eight RCTs were in patients with un-
resectable disease'’’'"” and 2 were in resectable or
borderline resectable malignancy.””'” With regard to the
type of C¢SEMS, 6 RCTs wused fully covered
SEMS’/102105:105.107109 and 4 used  partially covered
SEMS.101’104’106’108

Survival

Survival was similar after placement of cSEMS or uSEMS
in 9 RCTs (MD, —27.1 days; 95% CI, —72.17 to 17.92; I =
88%) (Supplementary Fig. 10A, available online at www.
giejoumal.()1};).'77’“”'“}8
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Covered Uncovered
Study Mean SD Total Mean SD Total Weight MD [95% CI] Stent patency (days)
Isayama 2004 225.00 286.00 57 193.00 199.50 55 16.6% 32.00[-59.06; 123.06] —
Kitano 2013  219.00 159.00 60 167.00 125.00 60 17.5% 52.00[ 0.82; 103.18] f——
Ung 2013 153.00 112.59 34 127.00 93.33 34 17.6% 26.00[-23.16; 75.16] -
Conio 2018 240.00 94.59 78 541.00 327.56 80 17.0% -301.00 [-375.78; —-226.22] —=— :
Sakai 2021 455.00 433.19 44 301.00 411.80 48 13.7% 154.00[-19.08; 327.08] e
Gardner 2016 219.00 80.00 16 88.00 31.50 17 17.7% 131.00[ 89.04; 172.96] P
Total (95% ClI) 289 294 100.0% 12.04 [-118.97; 143.05]

Heterogeneity: Tau? = 24825.9611; Chi? = 100.02, df = 5 (P < 0.01); I> = 95% Frorrorr
A
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Figure 17. Forest plot comparing stent patency between covered metal and uncovered metal biliary stents in patients with distal malignant biliary
obstruction. A, Overall results. B, Sensitivity analysis after removing outlier study of Conio et al'’” (high risk of bias). CI, Confidence interval; SD, standard

deviation; MD, mean difference.

Stent patency, cholangitis, and reinterventions

Stent patency was not different between cSEMS and
uSEMS in 6 RCTs (MD, 12.04 days; 95% CI, -118.97 to
143.05; P = 95%) (Fig. 17A)‘7",l()l,l(}_’,l()s,l()_,l()t% After
excluding 1 outlier study with a high risk of bias,"”” cSEMS
had a longer stent patency of 70.5 days compared with
uSEMS in 5 RCTs (95% CI, 21.09-119.92; I* = 69%)
(Fig. 17B)./10L102195108 \ye found no difference in the
risk of stent failure between cSEMS (26.7%, 179/671) and
uSEMS (28.5%, 190/667) in 10 RCTs (OR, .84; 95% CI,
55-1.27; I* = 60%) (Supplementary Fig. 16B).” 017
The risk of cholangitis was no different between cSEMS
(5.8%, 27/468) and uSEMS (6.3%, 30/474) in 6 RCTs (OR,
90; 95% CI, 52-1.56; I* = 0%) (Supplementary
Fig. 16C).""7'">1% The rate of reinterventions was similar
for cSEMS (23.6%, 61/259) and uSEMS (20.4%, 53/260) in
2 RCTs (OR, 120; 95% CI, .79-1.83; I* = 0%)
(Supplementary Fig. 16D)."*>%?

In 8 RCTs that evaluated the reasons for stent failure,
cSEMS were more likely to get occluded by stones and sludge
(OR, 2.70; 95% CI, 1.50-4.86; I* = 0%) (Supplementary
Fig. 16E) and to migrate (OR, 8.31; 95% CI, 2.68-25.81; P =
0%) (Supplementary Fig. 16F) than uSEMS,'?'!0%100:107
Compared with uSEMS, cSEMS were less likely to fail because
of tissue ingrowth (OR, .14; 95% CI, .05-37; I* = 61%)
(Supplementary Fig. 16G)." 1041919 No significant differ-
ence was found between cSEMS and uSEMS in the risk of tis-

sue outgrowth (OR, 1.77; 95% CI, .83-3.77; I° =
(Supplementary Fig. 16H),'0110+106-109

0%)

Post-ERCP adverse events

Adverse events occurred at a similar rate after ERCP with
cSEMS (17.7%, 78/442) and uSEMS (15.2%, 69/453) in 6
RCTs (OR, 122; 95% CI, .82-1.82; I = 0%)
(Supplementary Fig. 16I).”71919199 The incidence of
post-ERCP pancreatitis was similar for ¢SEMS (2.2%, 14/
651) and uSEMS (1.2%, 8/650) in 9 RCTs (OR, 1.47; 95%
Cl, .60-3.60; I* = 0%) (Supplementary Fig. 16))."0""
The risk of acute cholecystitis was no different for cSEMS
(3.4%, 20/592) and uSEMS (2.0%, 12/614) in 9 RCTs (OR,
1.62; 95% CI, .78336; I* = 0%) (Supplementary
Fig. 16K).w1'109

Surgical outcomes

The type of SEMS did not impact surgical resectability in
1 RCT (P = .99); however, the SEMS were placed at least 2
cm below the hepatic hilum in that study.'”” No RCTs have
compared postsurgical adverse events between cSEMS and
uSEMS.

Subgroup analysis
None of the results differed in subgroup analyses by eti-
ology of malignant obstruction (studies with pancreatic
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TABLE 8. Evidence profile for population, intervention, comparator, and outcome question 6: in patients with distal malignant biliary obstruction

undergoing ERCP, are covered SEMS better than uncovered SEMS?

Certainty assessment No. of patients Effect
No. of Study Risk Other Covered Uncovered Relative Absolute
studies design of bias  Inconsistency Indirectness Imprecision considerations SEMS SEMS (95% CI) (95% CI) Certainty Importance
Mean survival time (days)
9 Randomized  Serious* Seriousf Not Not None 608 607 = MD 27.1 days HPOO  CRITICAL
trials serious serioust fewer (72.17 fewer Low
to 17.92 more)
Mean patency (days) after excluding outlier with high risk of bias
5 Randomized  Serious§ Serious|| Not Not None 211 214 = MD 70.5 days SDHOO  CRITICAL
trials serious serious more (21.09 more Low
to 119.92 more)
Stent failure
10 Randomized  Serious{ Not Not Serious{ i1 None 179/671 190/667 OR .84 34 fewer per APHOO  CRITICAL
trials serious** serious (26.7%) (28.5%) (.55-1.27) 1000 (from 105 Low
fewer to 51 more)
Cholangitis
6 Randomized Not Not Not Serious|||| None 27/468 30/474 OR .90 6 fewer per DPPO  CRITICAL
trials serious§§ serious serious (5.8%) (6.3%) (.52-1.56) 1000 (from 29 Moderate
fewer to 32 more)
Need for reintervention
2 Randomized Not Not Not Very None 61/259 53/260 OR 1.20 31 more per HPOO  CRITICAL
trials seriousq serious serious serious|||| (23.6%) (20.4%) (.79-1.83) 1000 (from 36 Low
fewer to 115 more)
Postprocedure adverse events
6 Randomized Serious*** Not Not Very None 78/442 69/453 OR 1.22 27 more per BAOO0O  CRITICAL
trials serious serious serious|| || (17.6%) (15.2%) (.82-1.82) 1000 (from 24 Very low
fewer to 94 more)
Post-ERCP pancreatitis
9 Randomized  Serious* Not Not Seriousf{t None 14/651 8/650 OR 147 6 more per HSPHOO  CRITICAL
trials serious serious (2.2%) (1.2%) (.60-3.60) 1000 (from 5 Low
fewer to 31 more)
Acute cholecystitis
9 Randomized  Serious* Not Not None 20/592 12/614 OR 1.62 12 more per HPOO  CRITICAL
trials serious serious (3.4%) (2.0%) (.78-3.36) 1000 (from 4 Low
fewer to 43 more)
Surgical resectability
1 Randomized Serious§§ Not Not Not 24/55 25/59 Not = CRITICAL
trials serious serious serious (43.6%) (42.4%) assessable
Stent blockade from sludge or stone
8 Randomized Serious||||| Not Not Serious{{ None 50/617 16/616 OR 2.70 41 more per SDOO IMPORTANT
trials serious serious (8.1%) (2.6%) (1.50-4.86) 1000 (from 12 Low
more to 89 more)
Stent migration
8 Randomized Serious||||| Not Not Very None 27/617 .5/617 OR 831 6 more per BOOO IMPORTANT
trials serious serious serioustif (4.4%) (.1%) (2.68-25.81) 1000 (from 1 Very low
more to 20 more)
Stent tumor ingrowth
8 Randomized Serious||||| Not Not Serious{{ None 19/617 107/616 OR .14 145 fewer per DHPHOO IMPORTANT
trials serious™ serious (3.1%) (17.4%) (.05-.37) 1000 (from 163 Low

fewer to 102 fewer)

cancer only vs variable etiology of distal malignant obstruc-
tion), malignancy staging (resectable vs unresectable), or
type of cSEMS (fully covered vs partially covered).

Certainty in the evidence
A serious risk of bias was found for most outcomes
(Supplementary Fig. 17A and B, available online at www.

(continued on the next page)

giejournal.org), except for cholangitis and rate of reinter-
ventions. We rated down for inconsistency in mean survival
(I* = 88%) and mean stent patency (I = 95%). Most out-
comes were rated down for imprecision except for mean
survival and mean stent patency. No concerns were found
with indirectness of the evidence or publication bias for
any of the included studies (Supplementary Fig. 18A-D,
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TABLE 8. Continued

Certainty assessment No. of patients Effect
No. of Study Risk Other Covered Uncovered Relative Absolute
studies design of bias Inc y Indirectness Imprecision considerations SEMS SEMS (95% CI) (95% CI) Certainty Importance
Stent tumor outgrowth
8 Randomized Serious|||||| Not Not Very None 23/616 11/616 OR 1.77 13 more per DOOO IMPORTANT
trials serious serious serious| (3.7%) (1.8%) (.83-3.77) 1000 (from 3 Very low

fewer to 46 more)

SEMS, Self-expandable metal stents; Cl, confidence interval; MD, mean difference; OR, odds ratio; —, unable to calculate the relative effect for this continuous outcome.
*Most trials (6/9) were at a high risk of bias or had some concern because of risk of bias.

tConsiderable heterogeneity (> > 80%). Certainty of the evidence was rated down by only 1 level because risk of bias is potentially the source of inconsistency and clinical
inconsistency was trivial because the results of most included studies have similar clinical implication.

iLimits of Cl suggest a moderate-to-large benefit in favor of uncovered stents in 1 extreme and a small benefit in favor of covered stents on the other extreme. Because
imprecision is linked to inconsistency and use of a random-effects model, certainty of the evidence was not rated down further.

§Only 1 trial (Ung et al, 2013'%) was judged to be at a low risk of bias with <20% of weight showing no difference between covered and uncovered metal stents.

[P = 69%.

9 Most trials (7/10) were at a high risk of bias or had some concern because of risk of bias.
**Considerable heterogeneity (> = 60%). Not rated down because clinical inconsistency was deemed not important because all results of included studies have a similar clinical

implication.

tiLimits of Cl suggest a small benefit in 1 extreme and a large benefit in the other extreme. Because imprecision is linked to inconsistency and use of a random-effects model,

certainty of the evidence was rated down by only 1 level.
1A small number of events did not meet the optimal information size criteria.

§8Not rated down for risk of bias because an equal number of trials were judged to be at high and low risk of bias, but P value for test of interaction showed no difference

between the 2 estimates.

||||Limits of Cl interval suggest a small imprecise benefit on both extremes based on a small number of events not meeting optimal information size criteria.

€90ne study (Seo et al, 2019'%) at a high risk of bias had <30% of the weight and results similar to the low risk of bias study.

***Most trials (4/6) were at a high risk of bias or had some concern because of risk of bias.

TTtLimits of Cl suggest a trivial benefit in favor of covered stents in 1 extreme and a small-to-moderate benefit in favor of uncovered stents on the other extreme based on a small

number of events not meeting optimal information size criteria.

T1fLimits of Cl suggest a trivial benefit in 1 extreme and a benefit important to patients in the other. This is based on a small number of events not meeting optimal information

size criteria.
§88High risk of bias with the RoB-1 tool.

[|[|||Most trials (6/8) were at a high risk of bias or had some concern because of risk of bias.

available online at www.giejournal.org). The quality of the
evidence ranged from very low to moderate. A complete
evidence profile is shown in Table 8.

Other considerations

cSEMS are 25% to 40% more expensive than uSEMS.
However, c¢SEMS were shown to be more cost-effective in
1 RCT of 112 patients with unresectable distal malignant
biliary obstruction, in which the costs for the stent and rein-
terventions were significantly lower with ¢SEMS (U.S.$3901)
as compared with uSEMS (U.S.$5129, P = .0072)."”
Another RCT showed equivalent cost-effectiveness between
cSEMS and uSEMS in patients with pancreatic head cancer
before neoadjuvant chemotherapy; however, patients as-
signed to the fully covered SEMS had fewer chemotherapy
interruptions because of lower risk of stent occlusion.”” No
studies compared patient values and preferences regarding
cSEMS and uSEMS.

Discussion

There has been debate on what type of metal stent pro-
vides better outcomes in patients with distal malignant
biliary obstruction. The panel discussed the difficulties of
removing a uSEMS after placement because of tissue
ingrowth. This property is important to consider when
the histologic diagnosis of malignancy has not yet been
confirmed. As a result, the panel strongly emphasized

that uSEMS should not be placed in patients with uncon-
firmed malignancy because the prosthesis could become
permanently embedded in the bile duct, which may be
detrimental in patients with a benign condition. This prop-
erty is also relevant in patients with resectable or border-
line resectable disease in whom deployment of uSEMS
within 2 cm of the hepatic hilum may make surgical dissec-
tion and anastomosis creation more difficult.'”’

Our meta-analysis of RCTs showed that c¢SEMS and
uSEMS performed similarly in patients with distal malig-
nant biliary obstruction, except for a longer stent
patency of 70.5 days with c¢SEMS. This difference be-
tween cSEMS and uSEMS was noticed after excluding 1
outlier study favoring uSEMS that was judged to have a
high risk of bias because of a lack of an intention-to-
treat analysis and unclear methods for blinding partici-
pants and outcome assessors.'’’ Similar to our meta-
analysis, a single-center observational study of 454 pa-
tients with distal malignant biliary obstruction recently
reported longer stent patency of ~6 months with
cSEMS, with associated lower rates of stent occlusion
and reinterventions.''’ This advantage of cSEMS over
uSEMS is likely explained by a lower risk of tissue
ingrowth with cSEMS despite their higher rates for occlu-
sion with stone and sludge and migration.

Previous observational studies had reported a higher
risk of acute cholecystitis with cSEMS, suspected to be
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Figure 18. Preferred Reporting Items for Systematic reviews and Meta-Analyses diagram showing the studies included in the systematic review evaluating
celiac plexus neurolysis for pancreatic cancer-related abdominal pain (population, intervention, comparator, and outcome question 7).

caused by mechanical occlusion of the cystic duct.''"'"?

However, in our meta-analysis of RCTs, we found no differ-
ence between uSEMS and c¢SEMS in the development of
acute cholecystitis. Because the risk for acute cholecystitis

after SEMS placement is small (~2%), it is possible that the
lack of difference between uSEMS and cSEMS in our meta-
analysis of RCTs may be from insufficient power and that a
larger sample size is needed to confirm our findings.
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CPN medical management Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kannao 2020 1.3 1.3 17 23 23 19 449%  -1.00[F2.20, 020
Kawamata 1996 245 0.4 10 13 0.8 11 18.48% -0.80[1.33,-0.27] —
Mercadente 1993 322 0.2 g 34 0.z 10 46.5%  -0.18 [F0.36, 0.00] —H
VWong 2004 22 15 40 25 1.6 a7 126%  -0.30[0.95, 0.39] —
Zhang 2008 27 12 29 3 04 27 176%  -0.30[0.85 0.29] —_——
Total (95% CI) 105 104 100.0% -0.37 [-0.65, -0.09] <
Heterogeneity: Tau®= 0.03; ChiF=6.17, df= 4 (P = 0.19); F= 35% %2 51 ] 15 é
Testfor overall effect 2= 2.61 (F = 0.003) Favours CPN  Favours medical managemen
A
CPN medical management Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean 5D Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Lillermoe 19583 23 04 28 9.5 0.6 25 958% -1.20[1.48-082]
Wong 2004 na 11 14 2 22 13 42%  -1.20[-2.53,013]
Total (95% CI) 43 38 100.0% -1.20 [1.47,-0.93] E 3
Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 (P =1.00); F= 0% 12 ?1 5 1= ,j?

Test for overall effect: Z=8.69 (P = 0.00001)

Favors CPN Favors medical management

Figure 19. Forest plot comparing mean pain severity by the visual analog scale between medical analgesic therapy with and without CPN in patients with
pancreatic cancer. A, At 4 weeks. B, At 6 months. CPN, Celiac plexus neurolysis; CI, confidence interval; SD, standard deviation

Considering all the body and quality of the evidence, the
panel made a conditional recommendation in favor of us-
ing cSEMS in patients with distal malignant biliary obstruc-
tion undergoing ERCP. Moreover, the panel recommended
against the use of uSEMS in patients with unconfirmed ma-
lignancy.

Question 7: In patients with pancreatic cancer—
related abdominal pain, is celiac plexus neurolysis
(CPN) better than medical analgesic therapy alone?

Recommendation 7: In patients with unresectable
pancreatic cancer and abdominal pain, the ASGE sug-
gests CPN as an adjunct to medical analgesic therapy.

(Conditional recommendation/low quality of evi-
dence)

To address this question, a systematic review and meta-
analysis of RCTs was conducted. A PRISMA diagram detail-
ing study screening is provided in Figure 18. Our search
yielded 679 citations, of which 23 studies were fully re-
viewed for eligibility. Eight RCTs in 504 patients that
compared CPN with analgesic medical therapy were identi-
fied.""”"?" Al enrolled participants had unresectable
pancreatic cancer and abdominal pain. All studies used a
parallel RCT design. CPN was delivered percutaneously in
5 studies,">""”""® endoscopically using EUS in 2
studies,""”'*" and surgically in 1 study.''* A bilateral injec-
tion approach was used for CPN in all RCTs, using a range
of 7 to 30 mL of 100% alcohol. In the medical therapy
group, 4 studies used analgesics alone' "> %12 and 4
studies used sham CPN followed by analgesics.'' 117119
After CPN, patients were prescribed analgesics in a similar
fashion to those assigned to medical therapy.

Survival

Three RCTs found no difference in survival on patients
receiving CPN or medical analgesic therapy (MD, .11; 95%
CI, -1.13 to 1.35; I* = 0%) (Supplementary Fig. 19A, avail-
able online at www.giejournal.org)." 1120

Pain severity and opioid use

Using VAS scores, the group assigned to CPN had lower
pain severity than the group assigned to medical analgesic
therapy at 4 weeks in 5 RCTs (MD, —37; 95% CI, —.65 to
—.09; I* = 35%) (Fig. 19A)"">!1> 117118120 and at 6 months
in 2 RCTs (MD, —1.2; 95% CI, —1.47 to —.93; I* = 0%)
(Fig. 19B).""*""" At 8 weeks, no difference in pain severity
was found between CPN and medical analgesic therapy in 7
RCTs (MD, -.7; 95% CI, -157 to .17; I* = 99%)
(Supplementary Fig. 19B).""7 12117120 patients receiving
CPN and medical therapy had similar opioid needs by
morphine milligram equivalents at 4 weeks in 5 RCTs
(MD, -3491; 95% CI, -79.01 to 9.19; I* = 99%)
(Supplementary Fig. 19C)" 5 HHHOHE20 and at 8 weeks
in 5 RCTs (MD, —38.31; 95% CI, -93.57 to 16.95; I =
99%) (Supplementary Fig. 19D),!3115116,118,120

Quality of life

Quality of life was no different at 4 weeks in 2 RCTs
(MD, .57; 95% CI, —43 to 1.57; I = 0%) (Supplementary
Fig. 19E)''>'% or at 8 weeks in 4 RCTs (MD, .57; 95%
Cl, -45 to 16, I* = 0% (Supplementary
Fig. 19F).''>!17119120 Daga on quality of life and opioid
use at 6 months were not reported.

Adverse events
Constipation, which is a common side effect of opioids,
occurred less often in patients receiving CPN (32.4%,
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Total (95% CI) 11 110 100.0% 0.23 [0.07,0.74] —canifijiee-
Total events 36 68
Heterogeneity: Tau®= 1.06; Chi*=10.95, df= 4 (P = 0.03); F= 63% =D 01 051 150 1DDD=

Testfor overall effect 2= 2.45 (P =0.01)
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Figure 20. Forest plot comparing constipation between medical analgesic therapy with and without CPN in patients with pancreatic cancer. CPN, Celiac

plexus neurolysis; CI, confidence interval.

36/111) than those assigned to medical therapy (61.8%, 68/
110) in 5 RCTs (OR, .23; 95% CI, .07-.74; I’ 63%)
(Fig. 20)."">"">1% 1n 4 RCTs, transient diarrhea was more
frequent after receiving CPN (16%, 12/75) compared with
medical therapy (2.8%, 2/71); however, this difference
was not statistically significant (OR, 3.73; 95% CI, .99-
14.12; ¥ = 0%) (Supplementary Fig. 19G).''>!Ho118:120
No significant difference in drowsiness was noticed be-
tween CPN (38.3%, 23/60) and medical therapy (28.3%,
17/60) in 2 RCTs (OR, .92; 95% CI, .099.03; I = 56%)
(Supplementary Fig. 19H).'">'!”

Subgroup analysis

Subgroup analyses by the CPN approach (EUS-guided vs
percutaneous or surgical) and by type of control (analge-
sics alone vs sham CPN) showed similar effects of CPN
on the overall results.

Certainty in the evidence

Risk of bias was rated as serious for most outcomes
(Supplementary Fig. 20A and B, available online at www.
giejournal.org), except for pain at 6 months and drowsi-
ness. We rated down for inconsistency in pain severity at
8 weeks, opioid use at 4 weeks, opioid use at 8 weeks,
and quality of life at 8 weeks (I* > 75%). All outcomes
were rated down for imprecision. No concerns were found
with indirectness of the evidence or publication bias for
any of the included studies (Supplementary Fig. 21A-G,
available online at www.giejournal.org). The quality of evi-
dence ranged from very low to moderate. A complete evi-
dence profile is shown in Table 9.

Other considerations

Data comparing CPN with medical therapy on costs and
cost-effectiveness are lacking. The costs of CPN depend on
the route of administration. Although all forms of CPN
share the costs for alcohol at 100% concentration, EUS-
guided CPN involves costs of EUS, FNA needles, and anes-
thesia time, whereas the percutaneous approach incurs
costs of percutaneous needles, radiologic images, and
administration of moderate sedation. It is unclear if these
costs offset the costs of using medical analgesic therapy

alone. However, because the need for opioids does not
seem to differ for either group at follow-up, it is possible
that the costs of CPN surpass the costs of medical therapy
alone. Data on patient values and preferences are lacking
for the comparison of CPN and medical analgesic therapy.
Our patient representative considered CPN as an attractive
intervention that seemed to reduce pain severity and
constipation.

Discussion

Abdominal pain is reported by ~80% of patients with
pancreatic cancer.'”" The pathophysiology of pain in
pancreatic cancer is complex and multifactorial, involving
mechanisms of tissue damage, inflammation, luminal or
ductal obstruction, and/or perineural tumor invasion.'**'*’
Cancer-related pain is often severe and linked to decreased
survival, low performance status, impaired quality of life,
poor tolerability to anticancer therapy, fatigue, anxiety,
and depression.'”* As a result, interventions to reduce
pain are essential in the multidisciplinary management of
patients with pancreatic cancer. Curative surgical resection
alleviates pain and increases patient survival; however, less
than 20% of patients with pancreatic cancer are eligible for
this."**'*> As a result, most patients are managed with
pharmacologic interventions, which mostly rely on opi-
oids."** Unfortunately, opioid analgesia is sometimes ineffec-
tive and can lead to several adverse events (eg, tolerance,
constipation, confusion), making alternative analgesic strate-
gies necessary. CPN, which consists of irreversibly ablating
the celiac plexus with a neurolytic agent, can be used as
an alternative or adjunct to opioids in patients with pancre-
atic cancer. Traditionally, CPN was performed using a percu-
taneous posterior approach guided by fluoroscopy or CT.
With the development of linear echoendoscopes, CPN
became possible with EUS and has been used over the
past 3 decades.””” Thereby, endoscopy plays a crucial role
in the management of pain in patients with pancreatic
cancer.

Our meta-analysis of 8 RCTs showed that adding CPN
was more effective than medical analgesic therapy alone
in reducing pain severity at 4 weeks and 6 months, with
comparable results in survival and quality of life and with
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TABLE 9. Evidence profile for population, intervention, comparator, and outcome question 7: in patients with pancreatic cancer-related
abdominal pain, is celiac plexus neurolysis better than medical analgesic therapy?

Certainty assessment No. of patients Effect
Celiac
No. of Study Risk Other plexus Medical Relative Absolute
studies design of bias  Inconsistency Indirectness Imprecision considerations neurolysis therapy (95% CI) (95% CI) Certainty Importance
Mean survival time (mo)
3 Randomized  Serious* Not serious  Not serious Serioust None 104 107 = MD .11 more DSPOO  CRITICAL
trials (1.13 fewer Low
to 1.35 more)
Pain severity (follow-up: mean 4 wk; assessed with 10-point VAS)
5 Randomized Seriousi  Not serious§  Not serious Serious| None 105 104 = MD .37 lower DPOO  CRITICAL
trials (.65 lower Low
to .09 lower)
Pain severity (follow-up: mean 8 wk; assessed with 10-point VAS)
7 Randomized  Seriousi Serious{ Not serious Serious™* None 214 169 = MD .7 lower HOOO  CRITICAL
trials (1.57 lower Very low
to .17 higher)
Pain severity (follow-up: mean 6 mo; assessed with 10-cm VAS)
2 Randomized Not Not serious ~ Not serious  Serious** None 43 38 — MD 1.2 lower DODO  CRITICAL
trials serioustf (1.47 lower Moderate
to .93 lower)
Opioid use (follow-up: mean 4 wk; assessed with morphine mg equivalent)
5 Randomized  Serious* SeriousY Not serious Serious** None 78 79 = MD 3491 lower @OOO  CRITICAL
trials (79.01 lower Very low
to 9.19 higher)
Opioid use (follow-up: mean 8 wk; assessed with morphine mg equivalent)
5 Randomized  Serious* SeriousY Not serious Very None 62 61 = MD 3831 lower HOOO  CRITICAL
trials serious™ (93.57 lower Very low
to 16.95 higher)
Quality of life (follow-up: mean 4 wk; scale 0-10)
2 Randomized  Serious* Not serious Not serious Very None 26 30 = MD .57 higher HOOO  CRITICAL
trials serioustt (43 lower Very low
to 1.57 higher)
Quality of life (follow-up: mean 8 wk; scale 0-10)
4 Randomized  Serious: Serious Not serious Very None 123 81 = MD .57 higher HOOO  CRITICAL
trials serious™* (45 lower Very low
to 1.6 higher)
Constipation
5 Randomized Seriousi  Not serious§§  Not serious  Serious|||| None 36/111 68/110 OR .23 347 fewer per 1000 EHOO IMPORTANT
trials (32.4%) (61.8%)  (.07-.74) (from 516 fewer Low
to 73 fewer)
Diarrhea
4 Randomized  Serious* Not serious Not serious Very None 12/75 2/71 OR3.73 69 more per 1000 POOCO IMPORTANT
trials seriousq (16.0%) (2.8%) (.99-14.12) (from 0 fewer Very low

to 262 more)

a lower risk of constipation. These results align with a Co-
chrane review from 2011 that included 6 of the 8 RCTs in
our meta-analysis.'** Although a meaningful clinical differ-
ence in the 11-point VAS is unknown among patients with
pancreatic cancer, studies in chronic pain have shown that
a difference of at least 1.7 points is needed to be meaning-
ful.'*” The superiority of adding CPN to medical analgesic
therapy in our meta-analysis was only 1.2 points in the VAS,
which is likely not clinically relevant. This may explain the
similar opioid requirements at 4 and 8 weeks between pa-
tients who did or did not receive CPN.

(continued on the next page)

When considering the undesirable effects of adding
CPN and medical analgesic therapy alone, we found that
adding CPN significantly reduced the risk of constipation
by 76%. However, several outcomes of interest were not
captured by our meta-analysis given the intrinsic differ-
ences between CPN and medical therapy. In a systematic
review of 16 studies (n = 817), CPN was associated with
transient adverse events such as diarrhea (9%), pain exac-
erbation (8%), and hypotension (6%)."”" A rare, long-
term, serious adverse event of CPN is spinal cord infarc-
tion and paralysis, which has been reported in .2% of

www.giejournal.org

Volume 100, No. 5 : 2024 GASTROINTESTINAL ENDOSCOPY €31


http://www.giejournal.org

Role of endoscopy in solid pancreatic masses

TABLE 9. Continued

Certainty assessment No. of patients Effect
Celiac

No. of Study Risk Other plexus  Medical Relative Absolute

studies design of bias  Inconsistency Indirectness Imprecision considerations neurolysis therapy (95% Cl) (95% CI) Certainty Importance
Drowsiness

2 Randomized Not Not seriousff{ Not serious Very None 23/60 17/60 OR .92 17 fewer per 1000 EHOCO IMPORTANT

trials serious*** seriousfif (38.3%) (28.3%)  (.09-9.03) (from 249 fewer Low
to 498 more)

Cl, Confidence interval; MD, mean difference; OR, odds ratio; VAS, visual analog scale; —, unable to calculate the relative effect for this continuous outcome.

*All studies were at high risk of bias or had some concern because of risk of bias.

tLimits of Cl suggest a trivial effect at both extremes based on a small sample size and small number of events.

Only 1 study (Wong et al, 2004'"’) was judged to be at a low risk of bias.

§Considerable heterogeneity (> = 35%). Not rated down because clinical inconsistency was deemed not important because all results of the included studies have similar

clinical implication.

||Limits of CI suggest a trivial benefit (less than minimally clinical important difference of 1 cm on a 10-cm VAS) based on a small sample size not meeting optimal information

size criteria.

€Point estimates vary widely with ClIs of some studies not overlapping with those of most included studies and a high * (>75%).

**Cl suggests a trivial unimportant benefit in 1 extreme and a large benefit that patients might consider important in other extreme. Because this imprecision was a result of
inconsistency and small sample sizes of the included studies, certainty of the evidence was rated down by only 2 levels.

10ne study (Lillemoe et al, 1993'"%) at a high risk of bias had <5% of the weight and results similar to the low risk of bias study.

TiLimits of Cl suggest a trivial benefit in 1 extreme in favor of celiac plexus neurolysis and a small-to-moderate benefit on the other extreme in favor of medical management

based on a small sample size.

§6Considerable heterogeneity (> = 63%). Not rated down because clinical inconsistency was deemed not important as all results of the included studies have similar clinical

implication.

[|[|Limits of Cl suggest a trivial-to-small benefit in 1 extreme and a large benefit in the other extreme. Because imprecision is linked to inconsistency and use of a random-effects

model, certainty of the evidence was rated down by only 1 level.

q9Limits of Cl suggest no benefit in 1 extreme and a benefit important to some patients in the other based on a small number of events and small sample sizes of the included

studies.

***0One study (Mercadente, 1993''®) at a high risk of bias had 31% of the weight and results clinically similar to the low risk of bias study.
f1tConsiderable heterogeneity (> = 56%). Not rated down because clinical inconsistency was deemed not important as all results of the included studies have similar clinical

implication given the considerable overlap of 95% Cls.

11TA small number of events and sample sizes and included studies with wide 95% Cls for pooled effect.

patients undergoing EUS-guided CPN."”” Other undesir-
able outcomes inherent to the invasive nature of CPN
are sedation adverse events and risk of bleeding with nee-
dle puncture. In addition, it is expected that the costs of
CPN are higher than analgesic therapy alone, especially
because the need for opioid requirements is not different
after CPN. There is a potential risk of retroperitoneal
fibrosis caused by neurolytic agents, which may make
pancreatic surgery more difficult."”" Thereby, only pa-
tients with unresectable disease have been enrolled in
RCTs of CPN, and its effects in resectable pancreatic can-
cer are not well known. Finally, the analgesic effects of
CPN appear to decrease over time and have not been
demonstrated after 6 months of administration in any of
the included RCTs."”

Given the modest benefits in pain severity and potential
undesirable effects with CPN, the panel discussed that
analgesic therapy alone should be preferred as the first-
line strategy to alleviate abdominal pain in patients with
pancreatic cancer. Data are also emerging showing that
chemotherapy and/or radiation have an analgesic role in
patients with pancreatic cancer, which may further
enhance the effect of analgesics."*”'?* The additional
reduction in pain severity with CPN may be relevant in pa-
tients with unresectable pancreatic cancer when medical
therapy is not as effective or when its adverse events are
not well tolerated.

No studies are available that directly compare percuta-
neous and EUS-guided CPN. In a subgroup analysis based
on the method of CPN administration, we found no differ-
ence in results across RCTs using percutaneous or EUS-
guided CPN. Therefore, the route of CPN administration
should be driven by local availability and expertise. In situ-
ations when an EUS or other endoscopic procedure is war-
ranted, the EUS-guided approach should be preferred.
When CPN is done using EUS, 10 to 20 mL of 99% alcohol
should be administered with a 22-gauge or larger gauge
FNA needle using a central (anterior to the celiac artery)
or bilateral (left and right of the celiac artery) approach.
A recent systematic review demonstrated that both EUS ap-
proaches were equally effective, but the bilateral approach
was linked to serious adverse events."”’ Compared with
CPN, 1 RCT has shown that celiac ganglia neurolysis is asso-
ciated with reduced survival and similar clinical outcomes,
and as a result, celiac ganglia neurolysis should not be used
for neurolysis.'”’

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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ROLE OF ENDOSCOPY IN THE DIAGNOSIS AND MANAGEMENT OF SOLID PANCREATIC MASSES
SEARCH STRATEGIES

FNB FNA Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Hassan 2021 126 143 122 143 16.3% 1.28 [0.64, 2.53] -
Oppong 2020 85 108 69 108 17.6% 2.09 [1.14, 3.83] —
Tian 2018 15 18 15 18 5.9% 1.00[0.17, 5.77]
Vanbiervliet 2014 47 80 56 80 16.8% 0.61[0.32, 1.17] —
Total (95% CI) 652 656 100.0% 1.53 [0.94, 2.49] e
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Heterogeneity: Tau? = 0.26; Chi® = 17.77,df = 9 (P = 0.04); I> = 49% ; f t |
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A
FNB FNA Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Alatawi 2015 47 50 37 50 9.9% 5.50 [1.46, 20.76]
Asokkumar 2019 16 20 14 20 8.6% 1.71[0.40, 7.34] -]
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Lee 2014 40 58 21 58 19.4% 3.92 [1.81, 8.47] I
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. " 2 — & 2 _ _ - s - I 1 ! ]
Heterogeneity: Tau® = 0.16; Chi* = 9.87, df = 6 (P = 0.13); I = 39% D01 01 1o 100

Test for overall effect: Z = 4.31 (P < 0.0001)

Favours [FNA] Favours [FNB]

Supplementary Figure 1. Forest plot comparing (A) diagnostic yield, (B) diagnosis at first pass, (C) adverse events, and (D) risk of postprocedure
pancreatitis of FNB versus FNA needles for EUS-guided tissue acquisition of solid pancreatic masses. FNB, Fine-needle biopsy; CI, confidence interval.
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Supplementary Figure 1. Continued
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Supplementary Figure 2. (A) Risk of bias summary and (B) overall quality assessment of included randomized controlled trial comparing fine-needle
biopsy needles versus FNA needles for EUS-guided tissue acquisition of solid pancreatic masses.
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Supplementary Figure 3. Funnel plot comparing (A) diagnostic accuracy of, (B) diagnostic yield of, (C) sample adequacy of, (D) number of needle
passes between, and (E) adverse events between fine-needle biopsy needles versus FNA needles for EUS-guided tissue acquisition of solid pancreatic
masses. SE, Standard error; OR, odds ratio; MD, mean difference.
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229 259 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bang 2018 166 176 170 176 17.8% 0.59[0.21, 1.65] —
Chung 2016 53 56 55 56 3.6% 0.32[0.03, 3.19]
Fabbri 2011 43 50 47 50 9.5% 0.39[0.10, 1.61] —_—
Gimeno-Garcia 2014 66 79 71 79 21.4% 0.57 [0.22, 1.47] —a
Lee 2013 84 94 83 94 23.1% 1.11 [0.45, 2.76] —
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Camellini 2011 0 43 0 41 Not estimable
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Chung 2016 0 56 0 56 Not estimable
Gimeno-Garcia 2014 0 65 0 65 Not estimable
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Supplementary Figure 4. Forest plot comparing (A) diagnostic accuracy of, (B) sample adequacy of, (C) number of needle passes between, (D)
adverse events between, and (E) risk of postprocedure pancreatitis between 22-gauge versus 25-gauge needles for EUS-guided tissue acquisition of solid
pancreatic masses. F, Subgroup analysis comparing diagnostic accuracy between 22-gauge and 25-gauge needles for EUS-guided tissue acquisition of solid
pancreatic masses based on lesion location. Subgroup analysis comparing (G) diagnostic accuracy, (H) histologic adequacy, (I) adverse events, and (J)
post-EUS pancreatitis between 22-gauge and 25-gauge needles for EUS-guided tissue acquisition of solid pancreatic masses based on needle type (FNB vs
FNA). I, Confidence interval; SD, standard deviation; FNB, fine-needle biopsy.
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Subtotal (95% CI) 308 308 51.2% 1.19 [0.65, 2.20] >

Total events 286 282

Heterogeneity: Tau? = 0.00; Chi? = 2.26, df = 3 (P = 0.52); I> = 0%
Test for overall effect: Z = 0.57 (P = 0.57)

Total (95% CI) 613 613 100.0% 0.81 [0.52, 1.25] <
Total events 561 570

ftage 2 .. . 2 _ _ _ .12 — No, ! Il 1
Heterogeneity: Tau = 0.00; Chi* = 5.72, df = 6 (P = 0.45); I = 0% 001 o1 ] 10 100
Test for overall effect: Z = 0.96 (P = 0.34) Favours [25g] Favours [22g]
Test for subgroup differences: Chi? = 3.23, df = 1 (P = 0.07), I> = 69.0%
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229 259 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.9.1 FNA
Bang 2018 166 176 170 176 17.8% 0.59[0.21, 1.65] L
Fabbri 2011 43 50 47 50 9.5% 0.39[0.10, 1.61] I S
Gimeno-Garcia 2014 66 79 71 79  21.4% 0.57[0.22, 1.47] —
Lee 2013 84 94 83 94 23.1% 1.11 [0.45, 2.76] N
Subtotal (95% CI) 399 399 71.8% 0.68 [0.41, 1.13] S
Total events 359 371
Heterogeneity: Tau? = 0.00; Chi? = 1.92, df = 3 (P = 0.59); I> = 0%
Test for overall effect: Z = 1.48 (P = 0.14)
2.9.2 FNB
Chung 2016 53 56 55 56 3.6% 0.32[0.03, 3.19]
Oh 2021 70 70 68 70 2.0% 5.15[0.24, 109.15] >
Tomoda 2021 79 88 76 88 22.5% 1.39 [0.55, 3.48] o
Subtotal (95% CI) 214 214 28.2% 1.23[0.47, 3.27] ‘
Total events 202 199
Heterogeneity: Tau? = 0.11; Chi? = 2.22, df = 2 (P = 0.33); I> = 10%
Test for overall effect: Z = 0.42 (P = 0.67)
Total (95% CI) 613 613 100.0% 0.81 [0.52, 1.25] R
Total events 561 570
Heterogeneity: Tau? = 0.00; Chi? = 5.72,df = 6 (P = 0.45); 1> = 0% k t t {
Test fo(-;j over;’ll effect: Z = 0.96 (P = 0.34) : ) il 0.1 10 200
- . Favours [25g] Favours [229]
Test for subgroup differences: Chi? = 1.14, df = 1 (P = 0.29), I> = 12.3%
G
22g 259 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 FNA
Bang 2018 134 176 123 176 30.4% 1.37 [0.86, 2.21] T
Camellini 2011 33 43 36 41  13.5% 0.46 [0.14, 1.48] —
Carrara 2016 42 46 51 53 7.5% 0.41[0.07, 2.36] — 1
Subtotal (95% CI) 265 270 51.4% 0.80 [0.33, 1.93] i
Total events 209 210
Heterogeneity: Tau? = 0.32; Chi? = 4.21, df = 2 (P = 0.12); I> = 53%
Test for overall effect: Z = 0.49 (P = 0.62)
2.1.2 FNB
Chung 2016 46 56 49 56 15.7% 0.66 [0.23, 1.87] A
Oh 2021 68 70 61 70 8.9% 5.02 [1.04, 24.13] L —
Tomoda 2021 69 88 62 88 24.0% 1.52 [0.77, 3.02] T
Subtotal (95% CI) 214 214 48.6% 1.49 [0.59, 3.73] ’
Total events 183 172
Heterogeneity: Tau®? = 0.37; Chi? = 4.62, df = 2 (P = 0.10); I = 57%
Test for overall effect: Z = 0.85 (P = 0.40)
Total (95% CI) 479 484 100.0% 1.11 [0.65, 1.88] S 4
Total events 392 382
s 2 _ . 2 _ _ _ 12 = 9 I 1 ' |
Heterogeneity: Tau’ = 0.18; Chi®* = 9.27, df = 5 (P = 0.10); I° = 46% o1 01 0 100

Test for overall effect: Z = 0.38 (P = 0.70)
Test for subgroup differences: Chi? = 0.91, df = 1 (P = 0.34), I? = 0%
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229 259 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
2.7.1 FNA
Bang 2018 7 176 17 176 27.8% 0.39[0.16, 0.96] —
Camellini 2011 0 43 0 41 Not estimable
Carrara 2016 3 46 1 53 14.6% 3.63 [0.36, 36.15] "
Gimeno-Garcia 2014 0 65 0 65 Not estimable
Lee 2013 10 94 3 94  23.4% 3.61[0.96, 13.57] s
Siddiqui 2009 0 64 0 67 Not estimable
Vilmann 2013 1 28 0 31 9.4% 3.44[0.13, 87.85] -
Subtotal (95% CI) 516 527 75.3% 1.65 [0.37, 7.36] o ——
Total events 21 21

Heterogeneity: Tau? = 1.46; Chi’ = 9.59, df = 3 (P = 0.02); I> = 69%
Test for overall effect: Z = 0.65 (P = 0.51)

2.7.2 FNB

Chung 2016 0 56 0 56 Not estimable

Oh 2021 1 70 0 70 9.5% 3.04 [0.12, 75.99] N

Woo 2017 4 85 1 85 15.2% 4.15 [0.45, 37.91] -
Subtotal (95% CI) 211 211 24.7% 3.76 [0.61, 23.25] e
Total events 5 1

Heterogeneity: Tau? = 0.00; Chi? = 0.02, df = 1 (P = 0.88); I> = 0%
Test for overall effect: Z = 1.42 (P = 0.15)

Total (95% CI) 727 738 100.0% 1.94 [0.60, 6.27] ‘
Total events 26 22

Saciai 2 _ . 2 _ — _ 12 0, : : :
Heterogeneity: Tau = 1.07; Chi* = 11.46, df = 5 (P = 0.04); I° = 56% 01 X 0 100
Test for overall effect: Z = 1.11 (P = 0.27) Favours [22g] Favours [25]
Test for subgroup differences: Chi2 = 0.47, df = 1 (P = 0.49), 1> = 0%

|

229 25g Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.10.1 FNA
Camellini 2011 0 43 0 41 Not estimable
Gimeno-Garcia 2014 0 65 0 65 Not estimable
Lee 2013 6 94 1 94  50.4% 6.34 [0.75, 53.73] ]
Siddiqui 2009 0 64 0 67 Not estimable
Vilmann 2013 0 28 0 31 Not estimable
Subtotal (95% CI) 294 298 50.4% 6.34 [0.75, 53.73] ==
Total events 6 1

Heterogeneity: Not applicable
Test for overall effect: Z = 1.69 (P = 0.09)

2.10.2 FNB

Chung 2016 0 56 0 56 Not estimable

Oh 2021 1 70 0 70  24.8% 3.04 [0.12, 75.99] =
Woo 2017 0 85 1 85 24.8% 0.33 [0.01, 8.20] L

Subtotal (95% CI) 211 211  49.6% 1.00 [0.10, 9.72] e -
Total events 1 1

Heterogeneity: Tau? = 0.00; Chi? = 0.92, df = 1 (P = 0.34); I> = 0%
Test for overall effect: Z = 0.00 (P = 1.00)

Total (95% ClI) 505 509 100.0% 2.53[0.47, 13.63] —’-—
Total events 7 2

Heterogeneity: Tau? = 0.27; Chi? = 2.26, df = 2 (P = 0.32); I> = 12% f
Test for overall effect: Z = 1.08 (P = 0.28)

Test for subgroup differences: Chi? = 1.35, df = 1 (P = 0.25), I = 25.7%
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Supplementary Figure 5. (A) Risk of bias summary and (B) overall quality assessment of randomized controlled trials comparing 22-gauge versus 25-

gauge needle for EUS-guided tissue acquisition of solid pancreatic masses.
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Supplementary Figure 6. Funnel plot comparing (A) diagnostic accuracy of, (B) sample adequacy of, (C) number of needle passes of, and (D) adverse
events between 22-gauge versus 25-gauge needles for EUS-guided tissue acquisition of solid pancreatic masses. SE, Standard error; OR, odds ratio; MD,

mean difference.
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Novel Needle Conventional Needle Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bang 2021 3 96 0 96 27.3% 7.22[0.37,141.78] = >
Crino 2020 0 60 0 60 Not estimable
Karsenti 2020 3 63 2 66 72.7% 1.60 [0.26, 9.91] —i—
Total (95% CI) 219 222 100.0% 2.41[0.51, 11.43] . ==
Total events 6 2

T8 2 _ . Chi2 = - - S 12 = 09 I } t |
Heterogeneity: Tau? = 0.00; Chi®* = 0.74, df = 1 (P = 0.39); I* = 0% o1 o1 0 100

Test for overall effect: Z = 1.11 (P = 0.27) Favours [Novel] Favours [Conventional]

A
Forktip Franseen Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Ashat 2021 34 36 36 39 63.8% 1.42[0.22, 9.01] |
Bang 2021 30 31 30 32 36.2% 2.00[0.17, 23.25] L
Total (95% Cl) 67 71 100.0% 1.61 [0.37, 7.03] i
Total events 64 66
Heterogeneity: Tau? = 0.00; Chi? = 0.05, df = 1 (P = 0.83); I> = 0% I t t |
) 0.01 0.1 10 100
BTest for overall effect: Z = 0.63 (P = 0.53) Favours [Franseen] Favours [Forktip]
Forktip Franseen Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ashat 2021 35 36 37 39 12.6% 1.89 [0.16, 21.80] o
Bang 2018 48 50 46 50 24.8% 2.09[0.36, 11.95] I B E—
Bang 2021 31 31 32 32 Not estimable
Mendozaladd 2021 10 22 12 33  62.6% 1.46 [0.49, 4.38] — i
Total (95% CI) 139 154 100.0% 1.65 [0.69, 3.93] . =
Total events 124 127
Heterogeneity: Tau? = 0.00; Chi? = 0.13, df = 2 (P = 0.94); I*> = 0% f t t {
I B 0.01 0.1 L 10 100
Test for overall effect: Z = 1.13 (P = 0.26) Favours [Franseen] Favours [Forktip]
Forktip Franseen Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ashat 2021 2 36 3 39 63.8% 0.71[0.11, 4.49] i
Bang 2018 0 50 0 50 Not estimable
Bang 2021 1 32 2 31 36.2% 0.47 [0.04, 5.44] =
Mendozaladd 2021 0 22 0 33 Not estimable
Total (95% CI) 140 153 100.0% 0.61 [0.14, 2.66] oz
Total events 3 5
s 2 _ . 2 _ _ _ 12 — 09 I b } |
Heterogeneity: Tau® = 0.00; Chi* = 0.07, df = 1 (P = 0.79); I° = 0% o1 o1 % 100

Test for overall effect: Z = 0.66 (P = 0.51)

D

Supplementary Figure 7. Forest plot comparing (A) adverse events between novel/contemporary versus alternative fine-needle biopsy (FNB) needles

Favours [Forktip] Favours [Franseen]

and (B) diagnostic accuracy of, (C) sample adequacy of, and (D) adverse events between Fork-tip versus Franseen FNB needle for EUS-guided tissue
acquisition of solid pancreatic masses. CI, Confidence interval.
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Supplementary Figure 8. (A) Risk of bias summary and (B) overall quality assessment of randomized controlled trials comparing novel/contemporary

versus alternative fine-needle biopsy needles for EUS-guided tissue acquisition of solid pancreatic masses.
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Supplementary Figure 9. Funnel plot comparing (A) diagnostic accuracy, (B) sample adequacy, and (C) adverse events of novel/contemporary versus
alternative FNB needles for EUS-guided tissue acquisition of solid pancreatic masses. SE, Standard error; OR, odds ratio.
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ROSE No ROSE Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Magdaleno 2020 11 11 11 11 Not estimable
Nebel 2021 27 33 27 32 24.6% 0.83[0.23, 3.06] | E—
Wani 2015 101 121 92 120 75.4%  1.54[0.81,2.91] -+l
Total (95% CI) 165 163 100.0% 1.36 [0.77, 2.41] @
Total events 139 130
. 3 2 — _ _ 4 2 — 0, L | 1 ]
?etfrfogeneltth?; ; (;.6_8,1d0f7— Pl_(PO—Z(;Al), 1= 0% o1 01 1 100
est for overall effect: Z = 1.07 (P = 0.29) Favours [No ROSE] Favours [ROSE]
A
ROSE No ROSE Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chen 2022 47 120 102 115 19.0% 0.08 [0.04, 0.16] —
Crino 2021 272 385 301 386 20.6% 0.68 [0.49, 0.94] —=—
Lee 2016 62 73 63 69 16.8% 0.54 [0.19, 1.54] e
Magdaleno 2020 7 11 9 11 11.2% 0.39 [0.05, 2.77] ol
Nebel 2021 30 33 26 32 14.0% 2.31[0.52, 10.16] e
Wani 2015 109 121 104 120 18.4% 1.40[0.63, 3.10] —r
Total (95% ClI) 743 733 100.0% 0.56 [0.21, 1.45] e 4
Total events 527 605
. 2 __ 5 22 _ — L2 0, : : : :
?eterfogenEItyl.lTa;;J = Zli31 (Zigl P—_4(()).;;5, df = 5 (P < 0.00001); I* = 88% o1 o1 i 0 100
est for overall effect: Z = 1.20 (P = 0.23) Favours [No ROSE] Favours [ROSE]
B
ROSE No ROSE Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Crino 2021 5 385 9 386 66.0% 0.55 [0.18, 1.66] —l—
Lee 2016 4 73 3 69 34.0% 1.28[0.27, 5.92] N | —
Magdaleno 2020 0 11 0 11 Not estimable
Total (95% CI) 469 466 100.0% 0.73 [0.30, 1.80] e
Total events 9 12
o 2 _ CChi2 — _ - 212 — 09 | } } {
?eterfogeneltyI.IT?? = 2900 (égl p_—067§6df =1(P=0.38);1°=0% o1 o i 0 100
est for overall effect: Z = 0.68 (P = 0.50) Favours [ROSE] Favours [No ROSE]
C
ROSE No ROSE Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI 1V, Random, 95% CI
Chen 2022 3 1.1 120 23 0.6 115 20.1% 0.70[0.47, 0.93] -
Crino 2021 29 0.4 385 3 0.3 386 20.2% -0.10[-0.15, -0.05] g
Lee 2016 5 0.75 73 7 0.01 69 20.1% -2.00[-2.17,-1.83] -
Magdaleno 2020 6 0.5 11 4 0 11 Not estimable
Nebel 2021 2.6 0.8 33 3.5 0.8 32 19.7% -0.90 [-1.29, -0.51] -
Wani 2015 4 1.7 121 7 0.7 120 19.9% -3.00[-3.33,-2.67] -
Total (95% CI) 743 733 100.0% -1.06 [-2.18, 0.06] e
Heterogeneity: Tau? = 1.62; Chi? = 780.65, df = 4 (P < 0.00001); I* = 99% _14 _:2 S t 1

Test for overall effect: Z = 1.85 (P = 0.06)

D

2
Favours [ROSE] Favours [No ROSE]

Supplementary Figure 10. Forest plot comparing (A) diagnostic yield, (B) sample adequacy, (C) need for repeated biopsy sampling, (D) number of
needle passes, (E) procedure duration, and (F) adverse events of EUS-guided tissue acquisition of solid pancreatic masses with or without ROSE. ROSE,
Rapid on-site evaluation; CI, confidence interval; SD, standard deviation.
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ROSE No ROSE Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Chen 2022 22.7 10.9 120 19.3 8 115 17.6% 3.40 [0.96, 5.84] —
Crino 2021 179 88 385 11.7 6 386 18.5% 6.20 [5.14, 7.26] -
Lee 2016 29 7.25 73 32 5.75 69 17.8% -3.00[-5.15, -0.85] —
Magdaleno 2020 44 7.5 11 34 6.3 11 13.7% 10.00 [4.21, 15.79] - =
Nebel 2021 30 11.3 33 37 7.2 32 15.2% -7.00[-11.59, -2.41] I
Wani 2015 23.8 14.2 121 193 8.2 120 17.1% 4.50[1.58, 7.42] —
Total (95% CI) 743 733 100.0% 2.29 [-1.84, 6.42]
R - J N 2 .12 } Il Il 1
Heterogeneity: Tau? = 23.67; Chi® = 83.81, df = 5 (P < 0.00001); I° = 94% 30 10 5 0 20

Test for overall effect: Z = 1.09 (P = 0.28)

Favours [ROSE] Favours [No ROSE]

E
ROSE No ROSE Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Chen 2022 3 120 0 115 12.8% 6.88 [0.35, 134.70] b >
Crino 2021 8 385 4 386 40.6% 2.03[0.61, 6.79] —T

Lee 2016 5 73 3 69 33.7% 1.62 [0.37, 7.04] — T

Nebel 2021 0 33 4 32 12.9% 0.09 [0.00, 1.83] + o

Total (95% CI) 611 602 100.0% 1.48 [0.46, 4.80] i

Total events 16 11

Heterogeneity: Tau? = 0.51; Chi® = 4.68, df = 3 (P = 0.20); I = 36% 50 o1 051 I 1}0 100’

Test for overall effect: Z = 0.65 (P = 0.51)

F

Supplementary Figure 10. Continued
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Supplementary Figure 11. (A) Risk of bias summary and (B) overall quality assessment of randomized controlled trials comparing EUS-guided tissue
acquisition of solid pancreatic masses with and without rapid on-site evaluation.
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Supplementary Figure 12. Funnel plot comparing (A) diagnostic accuracy, (B) diagnostic yield, (C) sample adequacy, (D) need for repeated biopsy
sampling, (E) number of needle passes, (F) procedure duration, and (G) adverse events of EUS-guided tissue acquisition of solid pancreatic masses with
and without rapid on-site evaluation. SE, Standard error; OR, odds ratio; MD, mean difference.
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Supplementary Figure 12. Continued
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Metal Plastic

Study Mean SD Total Mean SD Total Weight MD [95% CI] Survival time (months)

Davids 1992 575 369 49 483 336 56 20.8% 0.92[-0.44; 2.28] TE—

Katsinelos 2006 8.94 6.93 23 6.81 395 24 7.9% 2.14[-1.11; 5.38] —_—r

Soderlund 2006 5.30 640 49 390 640 51 11.3% 1.40[-1.11; 3.91] ———-—

Moses 2013 6.30 0.80 42 7.00 0.90 43 30.7% -0.70[-1.06; —0.34]

Isayama 2011 8.156.19 55 759 1.02 58 17.8% 0.56[-1.10; 2.22] —Ti—

Schmidt 2014 4.65 2.87 18 243 4.29 16 11.5% 2.22[-0.27; 4.70] -——'—

Total (95% ClI) 236 248 100.0% 0.66 [-0.39; 1.71] -

Heterogeneity: Tau? = 0.9036; Chi? = 16.13, df = 5 (P < 0.01); I> = 69% I I I !

A -4 2 0 2 4

Favours Plastic Favours Metal
Metal Plastic

Study Events Total Events Total Weight RR [95% CI] 30-day mortality

Davids 1992 7 49 2 56 24.1% 4.00[0.87; 18.36] r

Knyrim 1993 4 3 3 31 28.1% 1.33[0.32; 5.47]

Prat 1998 5 34 3 33 30.8% 1.62[0.42; 6.23] —

Soderlund 2006 0 49 3 51 6.5% 0.15[0.01; 2.80] =

Bernon 2018 2 21 1 19 10.4% 1.81[0.18; 18.39] -

Total (95% Cl) 184 190 100.0% 1.65 [0.78; 3.49] >

Heterogeneity: Tau? < 0.0001; Chi® = 3.97, df =4 (P = 0.41); I = 0% ' ' ' '

B 0.01 0.1 1 10 100
Favours Metal Favours Plastic

Metal Plastic

Study Events Total Events Total Weight RR[95% CI] Blockade from sludge or stone

Davids 1992 4 49 29 56 22.9% 0.16[0.06; 0.42] ——

Knyrim 1993 2 3 10 31 10.5% 0.20[0.05; 0.84] —

Soderlund 2006 1 49 20 51 5.6% 0.05[0.01;0.37] —=——

Isayama 2011 2 55 24 55 11.2% 0.08[0.02; 0.34] —a—

Schmidt 2015 1 18 5 16 5.2% 0.18[0.02; 1.37] —

Walter 2015 8 146 24 73 38.6% 0.17 [0.08; 0.35] -

Tamura 2021 1 11 8 11 6.0% 0.13[0.02; 0.84] ——

Total (95% CI) 359 293 100.0% 0.14 [0.09; 0.23] <>

Heterogeneity: Tau? = 0; Chi? = 2.06, df = 6 (P = 0.91); I> = 0% ' ' ' '

C 0.01 0.1 1 10 100
Favours Metal Favours Plastic

Metal Plastic

Study Events Total Events Total Weight RR [95% CI] Tumor ingrowth

Davids 1992 10 49 0 56 21.8% 23.97[1.44; 398.64] —

Knyrim 1993 4 31 0 31 20.7% 9.00[0.51; 160.28] ——

Isayama 2011 2 55 0 58 18.9% 5.27[0.26; 107.36] —

Schmidt 2015 1 18 0 16 17.6% 2.68[0.12; 61.27] —

Walter 2015 6 146 0 73 21.0% 6.52[0.37; 114.20] ——.—

Total (95% CI) 299 234 100.0% 7.60 [2.05; 28.23] i

Heterogeneity: Tau? = 0; Chi? = 1.15, df = 4 (P = 0.89); I> = 0% ' ' ' '

D 0.01 0.1 1 10 100

Favours Metal Favours Plastic

Supplementary Figure 13. Forest plot comparing (A) survival time, (B) 30-day mortality, (C) risk of stent blockade by stone and/or sludge, (D) risk of
stent tissue ingrowth, (E) risk of stent migration, (F) risk of postprocedure adverse events, (G) risk of post-ERCP pancreatitis, (H) risk of post-ERCP chole-
cystitis, (X) risk of surgical resectability, and (J) risk of postoperative adverse events after surgical resection between metal and plastic biliary stents in
patients with distal malignant biliary obstruction. CI, Confidence interval; SD, standard deviation; MD, mean difference; RR, risk ratio.
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Metal Plastic
Study Events Total Events Total Weight RR [95% CI] Stent migration
Davids 1992 0 49 1 56 12.2% 0.38[0.02; 9.13] L
Knyrim 1993 0o 31 2 31 13.2% 0.20[0.01; 4.00] B—
Soderlund 2006 3 49 2 51 23.0% 1.56[0.27; 8.95] ——
Isayama 2011 5 55 1 58 19.5% 5.27[0.64; 43.71] -—.—
Schmidt 2015 0 18 0 16 0.0%
Walter 2015 1 146 5 73 19.4% 0.10[0.01; 0.84] —.—'
Tamura 2021 17 1 0 11 12.6% 3.00[0.14; 66.23] i
Total (95% CI) 359 296 100.0% 0.81[0.21; 3. 13] ——

Heterogeneity: Tau? = 1.2714; Chi? = 8.99, df =5 (P = 0.11); I = 44% ' ' ' '
0.01 0.1 1 10 100

E Favours Metal Favours Plastic
Metal Plastic

Study Events Total Events Total Weight RR [95% CI] Total adverse events

Kaassis 2003 4 59 1 59 13.5% 4.00[0.46; 34.73] ———

Katsinelos 2006 0 23 4 24 9.6% 0.12[0.01; 2.04] ———&——

Isayama 2011 11 55 4 58 22.8% 2.90[0.98; 8.57] —

Bernon 2018 0 21 0 19 0.0% :

Song 2016 7 43 7 43 23.9% 1.00[0.38; 2.61] —.—

Tamura 2021 2 1" 7 11 20.4% 0.29[0.08; 1.08] —.—

Gardner 2016 7 33 0 21 9.8% 9.63[0.58; 160.06] —-—l—

Total (95% CI) 245 235 100.0% 1.21[0.41; 3.56] —~—

Heterogeneity: Tau? = 1.0273; Chi? = 13.01, df = 5 (P = 0.02); I? = 62% ' ' ' ' '
0.01 0.1 1 10 100

F Favours Metal Favours Plastic
Metal Plastic

Study Events Total Events Total Weight RR [95% CI] Pancreatitis

Kaassis 2003 3 59 0 59 11.8% 7.00[0.37;132.59] ——a—

Katsinelos 2006 0 23 3 24 120% 0.15[0.01; 2.73] —W——+

Soderlund 2006 1 49 0 51 10.3% 3.12[0.13; 74.81] —

Moses 2013 1 42 1 43 13.3% 1.02[0.07; 15.84] ——

Isayama 2011 1 55 0 58 10.3% 3.16[0.13; 76.00] —

Bernon 2018 0o 21 0 19 0.0%

Walter 2015 0 146 1 73 102% 0.17[0.01; 406] —@——

Mandai 2021 4 32 1 35 19.9% 4.38[0.52; 37.12] ———

Song 2016 5 43 0 43 12.3% 11.00[0.63; 192.92] T

Tamura 2021 0o 1 0 11 0.0% :

Total (95% CI) 481 416 100.0% 1.91[0.65; 5.63] —

Heterogeneity: Tau? = 0.3400; Chi? = 8.34, df = 7 (P = 0.30); I = 16% ' ' ' '
0.01 0.1 1 10 100
G Favours Metal Favours Plastic

Supplementary Figure 13. Continued

€58 GASTROINTESTINAL ENDOSCOPY Volume 100, No. 5 : 2024 www.giejournal.org


http://www.giejournal.org

Role of endoscopy in solid pancreatic masses

Metal Plastic

Study Events Total Events Total Weight RR [95% CI] Cholecystitis

Davids 1992 0 49 1 56 9.0% 0.38[0.02; 9.13] L

Moses 2013 4 42 0 42 10.8% 9.00 [0.50; 162.04] —

Isayama 2011 4 55 0 58 10.8% 9.49[0.52;172.16] —

Bernon 2018 0 21 0 19 0.0% :

Schmidt 2015 0 18 1 16 9.2% 0.30[0.01; 6.81] -

Walter 2015 1 146 1 73 11.9% 0.50[0.03; 7.88] —

Mandai 2021 3 32 2 35 30.4% 1.64[0.29; 9.20] —

Tamura 2021 2 1M 1 11 17.9% 2.00[0.21; 18.98] — i

Total (95% ClI) 374 310 100.0% 1.61[0.62; 4.16] <

Heterogeneity: Tau® < 0.0001; Chi® = 5.44, df = 6 (P =0.49); % = 0% ' ' ' ' '

H 0.01 041 1 10 100

Favours Metal Favours Plastic

Metal Plastic

Study Events Total Events Total Weight RR [95% CI] Resectability

Mandai 2021 17 32 22 35 13.2% 0.85[0.56; 1.28] 3

Song 2016 35 43 39 43 76.2% 0.90[0.76; 1.07]

Tamura 2021 7 1 9 11 8.1% 0.78[0.46; 1.32] —-—E——

Gardner 2016 14 33 4 21  24% 2.23[0.85; 5.86] E——o—

Total (95% CI) 119 110 100.0% 0.90 [0.77; 1.05] <

Heterogeneity: Tau? < 0.0001; Chi® = 3.76, df = 3 (P = 0.29); I? = 20% ' ' ' '

| 0.2 0.5 1 2 5

Favours Plastic Favours Metal

Metal Plastic

Study Events Total Events Total Weight RR [95% CI] Surgical adverse events

Mandai 2021 8 17 2 22 28.4% 5.18[1.26; 21.29] ;

Song 2016 14 35 17 39 46.1% 0.92[0.53; 1.58]

Tamura 2021 2 1" 3 11 255% 0.67[0.14; 3.24]

Total (95% CI) 63 72 100.0% 1.38 [0.45; 4.25]

Heterogeneity: Tau? = 0.6361; Chi? = 5.42, df = 2 (P = 0.07); 12 = 63%

J 0.1 051 2 10

Favours Metal Favours Plastic
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Study
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D2: Allocation concealment
D3: Blinding of participants and personnel

D4: Blinding of outcome assessment - Unclear
A D5: Incomplete outcome data
D6: Selective reporting . Low

.0...@....@._..
L JON L O JOIOH JOH J{ JOH J
L JIOIOIOIO)O) JICIOIOIOIO ) JIO)

Risk of bias

00000000000

000000000V OO®®
0000000 000OOGO®S®

[
<
a
Q
]
= 3
]
2

I
&
Ed

D7: Other sources of bias
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Supplementary Figure 14. (A) Risk of bias summary and (B) overall quality assessment of randomized controlled trials comparing EUS-guided tissue
acquisition of solid pancreatic masses with and without rapid on-site evaluation.
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Funnel plot: 12 Studies Reporting Stent occlusion
Begg's test: p = 0.014, Egger's test: p = 0.053

0.255

Standard Error
0.511
1

0.766

1.021

Log Risk Ratio

Funnel plot: 11 Studies Reporting Cholangitis or sepsis
Begg's test: p = 0.88, Egger's test: p = 0.00049
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Supplementary Figure 15. Funnel plot of studies comparing (A) stent failure, (B) cholangitis or sepsis, and (C) post-ERCP pancreatitis between metal
and plastic biliary stents in patients with distal malignant biliary obstruction.
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Covered Uncovered
Study Mean SD Total Mean SD Total Weight MD [95% Cl] Survival time (days)
Isayama 2004 128.00 211.85 57 158.00 157.04 55 10.6% -30.00[-98.90; 38.90] —aT
Kitano 2013  285.00 203.70 60 222.00 197.78 60 10.4% 63.00[ -8.84; 134.84] [ B
Kullman 2010 116.00 177.78 200 172.00 230.37 200 12.7% -56.00[-96.33; -15.67] —'—'-
Telford 2010  227.00 197.04 68 239.00 234.81 61 10.1% -12.00[-87.27; 63.27] —'._
Ung 2013 154.00 112.59 34 157.00 150.37 34 11.1% -3.00[-66.14; 60.14] —
Yang 2015 219.00 232.59 51 245.00 146.67 52 10.1% -26.00[-101.26; 49.26] ——
Conio 2018 134.00 53.63 78 112.00 68.30 80 13.8% 22.00[ 2.88; 41.12] L
Sakai 2021 192.00 263.70 44 206.00 168.89 48 8.9% -14.00[-105.40; 77.40] —'-'-—
Gardner 2016 71.00 47.25 16 241.00 82.75 17 12.3% -170.00 [-215.64; -124.36] —+— :
Total (95% CI) 608 607 100.0% -27.10[-72.12; 17.92] i
Heterogeneity: Tau? = 3737.0398; Chi® = 67.41, df = 8 (P < 0.01); 12 = 88% ' ' '
-200 -100 0 100 200

A Favours uncovered Favours covered

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl

Conio 2018 19 78 10 80 10.4% 2.25[0.97,5.22) 1

Gardner 2016 4 26 5] 17 5.6% 0.35[0.08, 1.50] —

Isayama 2004 ] a7 21 55 9.5% 0.26 [0.10, 0.67] B —

Kitano 2013 14 G0 22 B0 10.8% 0.53[0.24,1.17] —

Kullman 2010 47 200 45 200 145% 1.06 [0.66, 1.69] o

Sakai 2021 10 44 1 48 9.7% 0.38[0.15,0.94) ———

Seo 20149 20 54 17 60 10.9% 1.49 [0.68, 3.27] N

Telford 2010 36 68 27 61 11.9% 1.42[0.71,2.84] I

Ung 2013 4 34 ] 34 B.2% 0.62[0.16, 2.44] —=

Yang 2014 17 51 15 52 10.4% 1.23[0.53, 2.89) B

Total (95% CI) 671 667 100.0% 0.84 [0.55,1.27] il

Total events 179 190

Heterogeneity: Tau®= 0.26; Chi*= 22.70, df= 9 (P = 0.007); F= 0% =EI o 051 150 1EIEI=

Testfor overall effect: Z=0.84 (P = 0.40) ’ " USEMS CcSEMS
B

CSEMS uSEMS Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Caonio 2018 5} a0 B 80 21.4% 1.00[0.31,3.24] —

Kullman 2010 g 200 12 200 353% 0.65 [0.26,1.63] — &

Sakai 2021 2 44 2 48 TA% 1.10[0.15,8.13]

Seon 20149 ] 59 a B0 28.0% 1.17[0.42,3.27] —

Ung 2013 1 34 1] 34 2.8% 3.09[0.12, 78.59]

Yang 2014 1 a1 2 52 5.0% 0.50 [0.04, 5.69]

Total (95% CI) 468 474 100.0% 0.90 [0.52, 1.56] ’-

Total events 27 a0

Heterogeneity: Tau®=0.00; Chi*=1.87, df= 5 (P=0.80); F=0% o 01 10 o0

Testfor overall effect Z=037 (F=0.71)

Cc

USEMS cSEMS

Supplementary Figure 16. Forest plot comparing (A) survival time, (B) stent failure rate, (C) rate of cholangitis, (D) rate of reinterventions, (E) stent
blockade from sludge or stone, (F) stent migration, (G) stent tumor ingrowth, (H) stent tumor outgrowth, (I) rate of postprocedure adverse events, (J)
post-ERCP pancreatitis, and (K) acute cholecystitis between covered metal and uncovered metal biliary stents in patients with distal malignant biliary
obstruction. CI, Confidence interval; SD, standard deviation; MD, mean difference; ©SEMS, uncovered self-expandable metal stents; cSEMS, covered
self-expandable metal stents.
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F

Supplementary Figure 16. Continued

CSEMS uSEMS Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Kullman 2010 46 200 v 200 T4.0% 1.32[0.81,2.14]
Seo 2019 15 a4 16 B0 26.0% 0.94[0.41,2.13]
Total (95% CI) 259 260 100.0% 1.20 [0.79,1.83]
Total events f1 a3
Heterogeneity: Tau®=0.00; Chi*=0.49, df=1 (P =049, F=0% I f T ; 1
Test fa?uvergll effect £= DI.S? (P= l].38I]| ( ’ 0.0 01 ! 1o 100
USEMS cSEMS
D
cSEMS uSEMS Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Conio 2018 g Ta i a0 42% 1941110, 342.37] +
Isayama 2004 2 ar ] a4 IT% 5.00[0.23, 106.54] *
Kitano 2013 11 &0 ] B0 30.3% 2.02[0.69 587 o
Kullman 2010 12 200 4 200 261% 3.13[0.99 987
Sakai 2021 G 44 1] 48 41% 16.38[0.89, 299.84] *
Seo 2019 3 a4 2 B0 10.3% 1.55[0.25, 9.65) N e —
Telford 2010 4 6a 1 B 7.0% 3.75[0.41, 34.51]
Yang 2014 4 a1 3 52 14.4% 1.39[0.30, 6.55) N e E—
Total {95% CI) 617 616 100.0% 2.70 [1.50, 4.86] -
Total events a0 16
Heterogeneity: Tau®= 0.00; Chi®=5.25, df= 7 (P = 0.63); F= 0% =I1I:|1 0?1 1=El 1EIIZ|=
ETest for averall effect: £=3.32 (F = 0.0009) USEMS CcSEMS
cSEMS uSEMS Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Conio 2018 ] Ta 1] g0 1581%  12.05[0.65, 221.66] +
Isayama 2004 1 a7 ] 85 124% 295012, 73.90] =
Kitano 2013 1] 60 1] 60 Mot estimahle
Kullman 2010 6 200 0 200 154% 13.40([0.75, 239.49] *
Sakai 2021 1 44 1] 48 123% 3.34[0.13, 84.28]
Seo 2019 ] a4 1] B0 1581%  12.21[0.66, 225.98] = *
Telford 2010 B 6a 1] 61 153% 1279071, 232.00] = *
Yang 2015 3 51 1] 52 14.4% T.58[0.38, 150.50] = *
Total {(95% CI) 617 616 100.0% 8.31 [2.68, 25.81] . =
Total events 27 1]
Heterogeneity: Tau®= 0.00; Chi®=1.05, df= 6 (P = 0.98); F= 0% f f t i
Test for overall effect: £= 3.66 (P = 0.0002) 0.0 o g 100
USEMS cCSEMS
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CSEMS USEMS Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Conio 2018 1] 7a 10 an 8.0% 0.04 [0.00,0.74] +
|sayama 2004 1] ar 16 a5 81% 0.02[0.00,036
Kitano 2013 1] 60 15 60 g8.1% 0.02[0.00,0.42] #
Kullman 2010 9 200 21 200 20.8% 0.40([0.18, 0.50] —
Sakai 2021 1 14 17 48 11.8% 0.04[0.01,034] ————
Seo 2019 1] a4 10 G0 8.0% 0.04 [0.00,0.71] #
Telford 2010 ] 63 a 61 18.5% 0.64 [0.21,1.87] — 71
Yang 2014 3 a1 10 52 167% 0.26 [0.07,1.02] —
Total (95% CI) 617 616 100.0% 0.14 [0.05, 0.37] .
Total events 18 107
Heterogeneity: Tau®=1.06; Chi*=17.81, df=7 (P =0.01%; F= 61% f t ) f {
Testfor overall effect: £=3.94 (P = 0.0001) G.01 L1 18 L
USEMS cSEMS
G
CSEMS USEMS Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Conio 2018 4 78 1] 80 B.6% 9.72[0.51,183.71] *
Isayama 2004 4 a7 2 55 18.8% 2.00([0.35,11.39] e B
Kitano 2013 3 G0 2 B0 17.1% 1.63[0.25, 9.48] e
Kullman 2010 4 200 5 200 323% 0.80([0.21,3.01] B E—
Sakai 2021 1] 44 0 48 Mot estimable
Seo 2019 1 a8 1 60 7.3% 1.04 [0.06, 16.95]
Telford 2010 3 63 o 61 6.4% 6.57 [0.33, 129.86] +
Yang 2014 4 a1 1 52 11.5% 4.34[0.47,40.24]
Total {95% CI) 616 616 100.0% 1.77 [0.83, 3.77] ol
Total events 23 11
Heterogeneity: Tau®=0.00; Chi*= 4,35, df =6 (P=0.63);, F=0% I f f {
Test fD?nverzl effect Z= 1I.48 (P=01 dlf} I: 4 0.01 0.1 10 100
USEMS cSEMS
H
CcSEMS USEMS Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Conio 2018 19 72 10 TE 19.8% 237 1.01,5.57] —
Gardner 2018 4 16 3 17 5.4% 1.56 [0.29, 8.38] ]
Kullman 2010 14 200 20 200 26.8% 0.68[0.33,1.38] —
Sakai 2021 3 44 4 48 f.3% 0.80[017,3.82] — =
Seo 2019 14 a9 12 B0 18.8% 1.24 [0.52, 2.98] T
Yang 2014 24 a1 20 52 227% 1.42[0.65, 3.11] T
Total (95% CI) 442 453 100.0% 1.22 [0.82,1.82] R
Total events Ta 69
Heterogeneity: Tau®= 0.02; Chi*= 5.47, df= 5 (P = 0.36); F= 9% f t t {
Test for overall effect: 2= 097 {P=0.33) 0.01 0.1 1o 100
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CcSEMS USEMS Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Conio 2018 1] Ta 0 a0 Mot estimahle
Isayama 2004 ] a7 1 85 16.8% 5.19 [0.59, 45.96) -
Kitano 2013 1 G0 0 60 T.7% 3.05([0.12 76.39)
Kullman 2010 3 200 4 200 35.0% 0.75[0.16, 3.38) —
Sakai 2021 1] 44 2 48 8.5% 0.21[0.01, 4.48) 4
Seo 2019 1 a4 0 &0 TT% 3100012, 77.71]
Telford 2010 i fa 1 [} T7% 0.29[0.01, 7.36)
Ung 2013 1 KL 0 34 T.6% 3.09([0.12 78.55]
Yang 2014 3 a1 0 a2 8.9% 7.58[0.38,150.50] +
Total {95% CI) 651 650 100.0% 1.47 [0.60, 3.60] e
Total events 14 g
Heterogeneity: Tau®= 0.00; Chi®= §.35, di= 7 (P = 0.50); F= 0% ) t t |
Test for overall effect: £=0.85 (P =0.40) 51 01 18 110
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Conio 2018 2 T8 1] a0 5.7% 5.26[0.25, 111.37] +
Isayama 2004 2 42 1] a5 5.7% B6.85[0.32, 146.61] *
Kitano 2013 1 G0 2 60 9.0% 0.49[0.04, 557]
kullman 2010 2 200 2 200 13.7% 1.00[0.14,7.17)
Sakai 2021 1 44 1] 48 51% 334013, 84.28]
Seo 2019 4 43 2 42 17.3% 2.08[0.36,11.85] S N S
Telford 2010 3 46 3 45 19.4% 098019 5812 .
Ung 2013 1] 34 1] 34 Mot estimahle
Yang 2014 A 45 3 a0 23.9% 1.96 [0.44, 8.71] — T
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Supplementary Figure 17. (A) Risk of bias summary and (B) overall quality assessment of randomized controlled trials A comparing covered metal and
uncovered metal biliary stents in patients with distal malignant biliary obstruction.
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Supplementary Figure 18. Funnel plot of studies comparing (A) stent failure, (B) acute cholangitis, (C) reintervention rate, and (D) adverse events
between covered metal and uncovered metal biliary stent in patients with distal malignant biliary obstruction. SE, Standard error; OR, odds ratio.
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Supplementary Figure 19. Forest plot comparing (A) mean survival, (B) mean pain severity by the visual analog scale at 8 weeks, (C) opioid use at 4

weeks, (D) opioid use at 8 weeks, (E) quality of life (score 0-10) at 4 weeks,

(G) diarrhea, and (H) drowsiness between medical analgesic therapy with and

without celiac plexus neurolysis (CPN) in patients with pancreatic cancer. F, Forest plot comparing quality of life at 8 weeks between medical analgesic
therapy with and without CPN in patients with pancreatic cancerusing the 7) uniscale (scale, 0-10) and the #7) European Organization for Research and
Treatment of Cancer QLQ-C30 or Functional assessment of cancer therapy, pancreatic cancer (scale, 0-100). CI, Confidence interval; SD, standard

deviation.
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Supplementary Figure 20. (A) Risk of bias summary and (B) overall quality assessment of randomized controlled trials comparing medical analgesic
therapy with and without celiac plexus neurolysis in patients with pancreatic cancer.
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Supplementary Figure 21. Funnel plot of studies comparing (A) survival, (B) pain at 4 weeks, (C) opioid use at 4 weeks, (D) quality of life at 4 weeks,
(E) constipation, (F) diarrhea, and (G) drowsiness between medical analgesic therapy with and without celiac plexus neurolysis in patients with pancreatic

cancer. SE, Standard error; OR, odds ratio; MD, mean difference.
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APPENDIX 1
Filters

Study designs: randomized controlled trials (RCTS),
cohort/observational studies (prospective and retrospec-
tive), systematics reviews, and meta-analyses. Optional:
diagnostic studies and comparative studies.

Search strategies for population, intervention,
comparator, and outcome (PICO) questions 1
to 4: EUS-guided tissue acquisition of solid
pancreatic masses

Database: Ovid MEDLINE ALL.
Search date: February 17, 2022

Limits: RCTs, cohort/observational studies (prospective
and retrospective), systematic reviews, meta-analyses, diag-
nostic studies

Search results: 1508

1 exp "Pancreatic Neoplasms"/di, dg or exp "Pancreatitis, 92947
Chronic"/di, dg or "Digestive System Neoplasms"/di, dg or
((pancreas or pancreatic) adj2 (cancer* or malignan* or
lesion* or mass or masses or tumor* or tumour* or nodule*
or neoplas* or carcinoma* or carcinogen* or growth* or
adenocarcin®)).tw,kf.

2 Endosonography/ or (endoscop* adj2 (ultrasound or

ultrasonograph* or ultrasonic)).tw,kf. or EUS.ti,ab.

1 and 2 5958

4 "Endoscopic Ultrasound-Guided Fine Needle Aspiration"/ or 7103
(("Biopsy, Fine-Needle"/ or "Biopsy, Needle"/) and
("Ultrasonography"/ or exp "Endosonography"/ or
echography.xs.) and "Endoscopy"/) or (((endoscopic-
ultrasound or eus) adj5 (sampl* or biop* or aspirat* or
collect* or acquisit* or procur®)) or (eus adj2 (fna or fnb)) or
eusfna or eusfnb or eus-fna or eus-fnb).tw,kf.

25233

w

5 ((Needles/ or exp Biopsy, Needle/) and (size* or sizing or ? 12653
gauge or ?gauges or 22G or 25G or 22-G or 25-G).ti,ab.) or
(needle* adj3 (size* or sizing or ?gauge or ?gauges or 22G
or 25G or 22-G or 25-G)).ti,ab.

6 ((Rapid adj (on-site or onsite or "on site")) or (rapid adj3 70570

evaluation) or ((on-site or onsite or "on site") adj2
evaluation) or ROSE).tw,kf.

7 Needles/ or (((standard* or core-biop* or type or histology* 630469
or cytology* or fnb or convention* or second-generation or
new-generation*) adj2 needle*) or (needle* adj3 (random*
or blind*)) or (fnb or biop*) or NCB or procore or pro-core or
SharkCore or EchoTip or Forktip or Fork-Tip or fork-shaped
or Franseen or Acquire or ((forward* or reverse*) adj3
bevel*adj needle*)).tw,kf.

8 or/47 707897
9 3and8 3038

10 exp "sensitivity and specificity"/ 630720
11 false negative reactions/ or false positive reactions/ 39874
12 (sensitivity or specificity).ti,ab. 1144108

13 (predictive adj value$1).ti,ab. 14

14 (likelihood adj ratio$1).ti,ab. 17668
15 (false adj (negative$1 or positive$1)).ti,ab. 83840
16 (randomized controlled trial or controlled clinical trial).pt. 648637
17 double blind method/ or single blind method/ 200664
18 practice guideline.pt. 29629

19 consensus development conference.pt. 12264
20 randomsS.ti,ab. 1291960
21 random allocation/ 106611
22 (single blind$3 or double blind$3 or triple blind$3).ti,ab. 182181
23 (review or review academic).pt. 2939376
24 meta analysis.pt. 152986
25 (systematic adj review$).tiab. or (systematic* adj3 254118
search¥).ab.
26 or/10-23 5824737
27 26 and (24 or 25) 229445
28 Randomized controlled trials as Topic/ 152764
29 Randomized controlled trial/ 558809
30 Random allocation/ 106611
31 Double blind method/ 170064
32 Single blind method/ 31602
33 Clinical trial/ 533843
34 exp Clinical Trials as Topic/ 370454
35 or/28-34 1265757
36 (clinic$ adj trial$1).tw. 425628
37 ((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or 186289
mask$3)).tw.
38 Placebos/ 35885
39 Placebo$.tw. 232965
40 Randomly allocated.tw. 32901
41 (allocated adj2 random).tw. 808
42 or/36-41 712400
43 35 or 42 1582352
44 Case report.tw. 355205
45 Letter/ 1170414
46 Historical article/ 367659
47 Review of reported cases.pt. 0
48 Review, multicase.pt. 0
49 or/44-48 1875729
50 43 not 49 1544833
51 Epidemiologic studies/ 9002
52 exp case control studies/ 1285331
53 exp cohort studies/ 2297303
54 Case control.tw. 140833
55 (cohort adj (study or studies)).tw. 262645
56 Cohort analy$.tw. 9984
57 (Follow up adj (study or studies)).tw. 52962
58 (observational adj (study or studies)).tw. 135176
59 Longitudinal.tw. 285367
60 Retrospective.tw. 642876
61 Cross sectional.tw. 435362
62 Cross-sectional studies/ 411516
63 or/51-62 3453308
64 exp "Sensitivity and Specificity"/ 630720
65 sensitivity.tw. 889761
66 specificity.tw. 509954
67 ((pre-test or pretest) adj probability).tw. 2577

68 post-test probability.tw. 671

69 predictive value$.tw. 122718
70 likelihood ratio$.tw. 17717
71 or/64-70 1614186
72 27 or 50 or 63 or 71 5988642
73 9and 72 1597
74 (addresses or biography or case reports or comment or 9332515

directory or editorial or festschrift or interview or lectures or

legal cases or legislation or letter or news or newspaper

article or patient education handout or popular works or

congresses or consensus development conference or

consensus development conference, nih).pt. or (exp

animals/ not humans.sh.)
75 73 not 74 1508
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Database: EMBASE.com (Elsevier).
Search date: February 17, 2022

Limits: RCTs, cohort/observational studies (prospective
and retrospective), systematic reviews, meta-analyses, diag-
nostic studies

Search results: 1056

1 ‘pancreas tumor’/exp/dm_di OR ’chronic
pancreatitis’/exp/dm_di OR ((pancreas OR
pancreatic) NEAR/2 (cancer* OR malignan* OR
lesion* OR mass OR masses OR tumor* OR
tumour* OR nodule* OR neoplas* OR
carcinoma* OR carcinogen* OR growth* OR
adenocarcin®)):ti,ab,kw

2 ‘endoscopic ultrasonography’/de OR (endoscop*

NEAR/2 (ultrasound OR ultrasonograph* OR

ultrasonic)):tiab,kw OR EUS:ti,ab

#1 AND #2

4 ‘endoscopic ultrasound guided fine needle
biopsy’/de OR ((‘needle biopsy’/de OR
‘ultrasound guided fine needle aspiration’/de OR
‘fine needle aspiration biopsy’/de) AND
('echography’/exp OR ‘endoscopic
ultrasonography’/exp OR echography:Ink) AND
‘endoscopy’/de) OR (((endoscopic-ultrasound OR
eus) NEAR/5 (sampl* OR biop* OR aspirat* OR
collect* OR acquisit* OR procur*)) OR (eus NEAR/
2 (fna OR fnb)) OR eusfna OR eusfnb OR eus-fna
OR eus-fnb):ti,ab,kw

5 ((needle’/de OR 'biopsy needle’/exp) AND (size*
OR sizing OR ?gauge OR ?gauges OR 22G OR
25G OR 22-G OR 25-G):ti,ab) OR (needle* NEAR/3
(size* OR sizing OR ?gauge OR ?gauges OR 22G
OR 25G OR 22-G OR 25-G)):ti,ab

6 ‘rapid on site evaluation’/exp OR ('rapid on site
evaluation’ OR ‘rapid on site cytologic
evaluation’ OR rapid onsite evaluation’ OR rapid
on-site evaluation’ OR rapid onsite cytologic
evaluation’ OR 'rapid on-site cytologic
evaluation’):tiab,kw OR (rose AND (biop* OR
specimen OR sampl¥)):ti,ab,kw

7 ‘needle’/de OR (((standard* OR core-biop* OR
type OR histology* OR cytology* OR fnb OR
convention* OR second-generation OR new-
generation*) NEAR/2 needle*) OR (needle*
NEAR/3 (random* OR blind*)) OR (fnb OR biop*)
OR NCB OR procore OR pro-core OR SharkCore
OR EchoTip OR Forktip OR Fork-Tip OR fork-
shaped OR Franseen OR (Acquire AND needle)
OR ((forward* OR reverse*) NEAR/3 bevel* NEAR
needle*)):ti,ab,kw

w

8 #4 OR #5 OR #6 OR #7
9 #3 AND #8
10 ('Clinical trial’/de OR 'Randomized controlled

trial’/de OR ‘Randomization’/de OR ‘Single blind
procedure’/de OR ‘Double blind procedure’/de
OR 'Crossover procedure’/de OR ‘Placebo’/de OR
Randomi?ed controlled trial*:ti,ab,kw OR
Rct:tiab,kw OR Random allocation:ti,ab,kw OR
Randomly allocated:ti,abkw OR Allocated
randomly:ti,ab,kw OR (allocated NEAR/2
random):ti,abkw OR Single blind*:ti,ab,kw OR
Double blind*:ti,abkw OR ((treble OR triple)
NEAR (blind*)):ti,ab,kw OR Placebo*:ti,ab,kw OR
‘Prospective study’/de) NOT (‘Case study’/de OR

11
12

ti,tt OR marmoset*:ti,tt)
AND ‘animal
experiment’/de) OR
(‘animal experiment’/de
NOT (‘human
experiment’/de OR
‘human’/de))

13

14

Case report:ti,ab,kw OR 'Abstract report’/de or
‘letter’/de) OR ‘Clinical study’/de OR 'Case control
study’/de OR ‘Family study’/de OR ’Longitudinal
study’/de OR 'Retrospective study’/de OR
('Prospective study’/de NOT ‘Randomized
controlled trials’/de) OR ‘Cohort analysis’/de OR
(Cohort NEAR (study OR studies)):ti,ab,kw OR
("Case control" NEAR (study OR studies)):ti,ab,kw
OR ("follow up" NEAR (study OR studies)):ti,ab,kw
OR (observational NEAR (study OR
studies)):ti,ab,kw OR (epidemiologic* NEAR
(study OR studies)):ti,ab,kw OR ("cross sectional"
NEAR (study OR studies)):ti,ab,kw OR (‘Meta
Analysis’/exp OR ((meta NEAR analy*) OR
metaanalys*):ti,abkw OR (systematic NEAR
(review*1 OR overview*1)):ti,ab,kw OR
cancerlit:ab OR Cochrane:ab OR Embase:ab OR
(psychlit OR psyclit):ab OR (psychinfo OR
psycinfo):ab OR (cinahl OR cinhal):ab OR science
citation index:ab OR bids:ab OR reference lists:ab
OR bibliograph*:ab OR hand-search*:ab OR
manual search*:ab OR relevant journals:ab OR
((data extraction:ab OR selection criteria:ab) AND
review:it) OR ’sensitivity and specificity’/exp OR
(sensitivity OR specificity OR ((pre-test OR
pretest) NEAR probability) OR post-test
probability OR predictive value* OR likelihood
ratio*):ti,ab,kw OR 'Diagnostic Accuracy’/de/mj)
NOT (letter:it OR editorial:it OR (‘animal’/de NOT
(‘animal’/de AND 'human’/de)))

#9 AND #10

([conference abstract]/lim OR [conference
paperl/lim OR [conference review]/lim OR [data
papers]/lim OR [editorial]/lim OR [erratum]/lim
OR [letter]/lim OR [note]/lim OR [review]/lim OR
[short survey]/lim OR ‘case report’/de OR
‘review’/de) OR ((rat:ti,tt OR rats:ti,tt OR
mouse:ti,tt OR mice:ti,tt OR swine:ti,tt OR
porcine:ti,tt OR murine:ti,tt OR sheep:ti,tt OR
lambs:ti,tt OR pigs:ti,tt OR piglets:ti,tt OR
rabbit:ti,tt OR rabbits:ti,tt OR cat:ti,tt OR cats:ti,tt
OR dog:ti,tt OR dogs:ti,tt OR cattle:ti,tt OR
bovine:ti,tt OR monkey:ti,tt OR monkeys:ti,tt OR
trout:

#11 NOT #12
#13 AND [Embasel/lim

Database: Cochrane Library.
Search date: February 17, 2022

Limits: N/A

Search results: 535

1 [mh "Pancreatic Neoplasms"] OR [mh "Pancreatitis, Chronic"] OR
((pancreas OR pancreatic) NEAR/2 (cancer* OR malignan* OR lesion* OR
mass OR masses OR tumor* OR tumour* OR nodule* OR neoplas* OR
carcinoma* OR carcinogen* OR growth* OR adenocarcin®)):ti,ab,kw
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2 [mh ™Endosonography”] OR (endoscop* NEAR/2 (ultrasound OR
ultrasonograph* OR ultrasonic)):ti,ab,kw OR EUS:ti,ab
#1 AND #2

w

4 [mh™Endoscopic Ultrasound-Guided Fine Needle Aspiration"] OR ((mh

"Biopsy, Fine-Needle"] OR [mh "Biopsy, Needle"]) AND ([mh

"Ultrasonography"] OR [mh "Endosonography"]) and [mh ™Endoscopy"])

OR (((endoscopic-ultrasound OR eus) NEAR/5 (sampl* OR biop* OR

aspirat* OR collect* OR acquisit* OR procur*)) OR (eus NEAR/2 (fna OR

fnb)) OR eusfna OR eusfnb OR eus-fna OR eus-fnb).:ti,ab,kw

5 (([mh ”Needles”] OR [mh “Biopsy, Needle”]) AND (size* OR sizing OR
*gauge OR *gauges):ti,ab) OR (needle* NEAR/3 (size* OR sizing OR
*gauge OR *gauges)):ti,ab

6 ((Rapid NEAR (on-site OR onsite OR "on site")) OR (rapid NEAR/3

evaluation) OR ((on-site OR onsite OR "on site") NEAR/2 evaluation) OR

ROSE):ti,ab,kw

7 [mh ™ Needles”] OR (((standard* OR core-biop* OR type OR histology*
OR cytology* OR fnb OR convention* OR second-generation OR new-
generation*) NEAR/2 needle*) OR (needle* NEAR/3 (random* OR
blind*)) OR (fnb OR biop*) OR NCB OR procore OR pro-core OR
SharkCore OR EchoTip OR Forktip OR Fork-Tip OR fork-shaped OR

Franseen OR Acquire OR ((forward* OR reverse*) NEAR/3 bevel* NEAR

needle*)):ti,ab,kw
8 #4 OR #5 OR #6 OR #7
9 #3 AND #8

Search strategies for PICO questions 5 and 6:
ERCP stent placment for distal malignant
biliary obstruction

Database: Ovid MEDLINE ALL.
Search date: February 18, 2022

Limits: RCTs, cohort/observational studies (prospective

and retrospective), systematic reviews, meta-analyses
Search results: 643

1 exp Pancreatic Neoplasms/ or exp "Digestive System 705965
Neoplasms"/ or ((pancreas or pancreatic) adj3 (cancer* or
malignan* or lesion* or mass or masses or tumor* or
tumour* or nodule* or neoplas* or carcinoma* or
carcinogen* or growth* or adenocarcin®)).tw kf.

2 exp bile ducts/ or exp biliary tract diseases/ or (bile duct* or
biliary).tw,kf.

3 exp constriction, pathologic/ or (constriction or stricture* or
stenos?s or obstruction or occlusion or blockage).tw,kf.

4 2and3

5 exp cholestasis/ or cholestasis.tw,kf. or ((bile duct* or biliary
or anastomotic or non-anastomic or nonanastomic) adj2
(stricture® or obstruction or occlusion or stenos?s or
blockage)).tw,kf. or exp jaundice, obstructive/ or (jaundice
adj3 obstruct®).tw,kf.

6 4or5

1 and 6

8 exp Cholangiopancreatography, Endoscopic Retrograde/ or
"Endoscopy, Gastrointestinal”/ or exp Drainage/ or exp
Suction/ or (ERCP or ERCPs).tw,kf. or (endoscop* adj2
retrograd* adj2 (cholangiopancreatograph* or cholangio-
pancreatograph®)).tw kf. or endoscop*.tw,kf,jn,so. or (drain*
or suction* or aspirate* or aspiration*).tw kf.

9 exp Stents/ or exp Catheters/ or exp Catheterization/

202386

542020

23145
57429

65261
11994
523353

~

280344

11
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

32
33
34
35
36
37
38
39
40
41
42

43
a4
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

(stent* or (catheter* or cannula* or tube* or pipe* or
"SEMS") or (pancreatic duct* adj5 holder*) or (SEM or SEMTs
or SEM or SEMs or FCSEMS)).tw,kf.

9or 10

(metals or plastics).nm. or exp metals/ or exp plastics/ or
metal*.ti,ab. or plastic*.tiab. or exp Coated Materials,
Biocompatible/ or (covered or uncovered or un-covered or
coated or un-coated or uncoated).ti,ab.

9 and 11 and 12

7 and 13

exp "sensitivity and specificity"/

false negative reactions/ or false positive reactions/
(sensitivity or specificity).ti,ab.

(predictive adj value$1).ti,ab.

(likelihood adj ratio$1).ti,ab.

(false adj (negative$1 or positive$1)).ti,ab.
(randomized controlled trial or controlled clinical trial).pt.
double blind method/ or single blind method/
practice guideline.pt.

consensus development conference.pt.
randomS$.ti,ab.

random allocation/

(single blind$3 or double blind$3 or triple blind$3).ti,ab.
(review or review academic).pt.

meta analysis.pt.

(systematic adj review$).ti,ab. or (systematic* adj3
search¥).ab.

or/15-28

31 and (29 or 30)

Randomized controlled trials as Topic/

Randomized controlled trial/

Random allocation/

Double blind method/

Single blind method/

Clinical trial/

exp Clinical Trials as Topic/

or/33-39

(clinic$ adj trial$1).tw.

((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or
mask$3)).tw.

Placebos/

Placebo$.tw.

Randomly allocated.tw.

(allocated adj2 random).tw.

or/41-46

40 or 47

Case report.tw.

Letter/

Historical article/

Review of reported cases.pt.

Review, multicase.pt.

or/49-53

48 not 54

Epidemiologic studies/

exp case control studies/

exp cohort studies/

Case control.tw.

(cohort adj (study or studies)).tw.

Cohort analy$.tw.

(Follow up adj (study or studies)).tw.

(observational adj (study or studies)).tw.
Longitudinal.tw.

Retrospective.tw.

1060078

1171299
2119235

28272
1191
630832
39874
1144285
122636
17677
83851
648768
200699
29631
12266
1292267
106612
182204
2939869
153067
254233

5856028
229886
152808
558939
106612
170096
31605
533881
370519
1265993
425735
186312

35886
232990
32914
808
712545
1582631
355292
1170519
367682
0

0
1875942
1545109
9002
1285757
2297885
140857
262762
9987
52968
135236
285439
643102
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66 Cross sectional.tw. 435513
67 Cross-sectional studies/ 411707
68 or/56-67 3454203
69 32 or 55 or 68 4783973
70 14 and 69 643

Database: EMBASE.com (Elsevier).
Search date: February 18, 2022

Limits: RCTs, cohort/observational studies (prospective
and retrospective), systematic reviews, meta-analyses
Search results: 240

1 ‘pancreas tumor’/exp OR ((pancreas OR pancreatic)
NEAR/3 (cancer* OR malignan* OR lesion* OR mass
OR masses OR tumor* OR tumour* OR nodule* OR
neoplas* OR carcinoma* OR carcinogen* OR growth*
OR adenocarcin®)):ti,ab,kw

2 'bile duct’/exp OR ‘biliary tract disease’/exp OR (bile
duct* OR biliary):ti,ab,kw
3 ‘stenosis, occlusion and obstruction’/exp OR

(constriction OR stricture* OR stenos?s OR
obstruction OR occlusion OR blockage):ti,ab,kw

4 #2 AND #3

5 ‘cholestasis’/exp OR cholestasis:ti,ab,kw OR ((“bile
duct*” OR biliary OR anastomotic OR non-anastomic
OR nonanastomic) NEAR/2 (stricture* OR obstruction
OR occlusion OR stenos?s OR blockage)):tiab,kw OR
‘obstructive jaundice’/exp OR (jaundice NEAR/3
obstruct®):ti,ab,kw

6 #4 OR #5
7 #1 AND #6
8 ‘endoscopic retrograde cholangiopancreatography’/

exp OR ‘gastrointestinal endoscopy’/de OR
‘drainage’/exp OR 'suction’/exp OR (ERCP OR
ERCPs):ti,ab,kw OR (endoscop* NEAR/2 retrograd*
NEAR/2 (cholangiopancreatograph* OR cholangio-
pancreatograph®)):tiab,kw OR endoscop*:ti,ab,kw,jt
OR (drain* OR suction* OR aspirate* OR
aspiration®):ti,ab,kw

9 ‘stent’/exp OR ’catheter’/exp OR ’catheterization’/exp

10 (stent* OR (catheter* OR cannula* OR tube* OR pipe*
OR "SEMS") OR (pancreatic duct* NEAR/5 holder*) OR
(SEM OR SEMTs OR SEM OR SEMs OR
FCSEMS)):ti,ab,kw

11 #9 OR #10

12 (metals OR plastics):tn OR ‘metal’/exp OR
metal*:ti,ab,kw OR plastic*:ti,ab,kw OR
‘biocompatible coated material’/exp OR (covered OR
uncovered OR un-covered OR coated OR un-coated
OR uncoated):ti,ab,kw

13 #9 AND #11 AND #12
14 #7 AND #13
15 (‘Clinical trial’/de OR 'Randomized controlled trial’/de

OR ‘Randomization’/de OR ‘Single blind procedure’/
de OR 'Double blind procedure’/de OR ‘Crossover
procedure’/de OR 'Placebo’/de OR Randomi?ed
controlled trial*:ti,ab,kw OR Rct:ti,ab,kw OR Random
allocation:ti,ab,kw OR Randomly allocated:ti,ab,kw
OR Allocated randomly:ti,ab,kw OR (allocated NEAR/
2 random):ti,ab,kw OR Single blind*:ti,ab,kw OR
Double blind*:ti,ab,kw OR ((treble OR triple) NEAR

16
17

ti,tt OR
marmoset*:ti,tt)
AND ‘animal
experiment’/de) OR
(‘animal
experiment’/de
NOT (‘human
experiment’/de OR
‘human’/de))

18

19

(blind*)):ti,ab,kw OR Placebo*:ti,ab,kw OR
‘Prospective study’/de) NOT (‘Case study’/de OR Case
report:tiab,kw OR ‘Abstract report’/de or ‘letter’/de)
OR ‘Clinical study’/de OR ‘Case control study’/de OR
‘Family study’/de OR ’Longitudinal study’/de OR
‘Retrospective study’/de OR (‘Prospective study’/de
NOT ‘Randomized controlled trials’/de) OR ‘Cohort
analysis’/de OR (Cohort NEAR (study OR
studies)):ti,ab,kw OR ("Case control" NEAR (study OR
studies)):ti,ab,kw OR ("follow up" NEAR (study OR
studies)):ti,abkw OR (observational NEAR (study OR
studies)):ti,ab,kw OR (epidemiologic* NEAR (study OR
studies)):ti,ab,kw OR ("cross sectional" NEAR (study
OR studies)):tiab,kw OR (‘Meta Analysis'/exp OR
((meta NEAR analy*) OR metaanalys*):ti,ab,kw OR
(systematic NEAR (review*1 OR overview*1)):ti,ab,kw
OR cancerlit:ab OR Cochrane:ab OR Embase:ab OR
(psychlit OR psyclit):ab OR (psychinfo OR
psycinfo):ab OR (cinahl OR cinhal):ab OR science
citation index:ab OR bids:ab OR reference lists:ab OR
bibliograph*:ab OR hand-search*:ab OR manual
search*:ab OR relevant journals:ab OR ((data
extraction:ab OR selection criteria:ab) AND review:it)
OR ’sensitivity and specificity’/exp OR (sensitivity OR
specificity OR ((pre-test OR pretest) NEAR probability)
OR post-test probability OR predictive value* OR
likelihood ratio*):ti,ab,kw OR ’‘Diagnostic Accuracy’/
de/mj) NOT (letter:it OR editorial:it OR (‘animal’/de
NOT (‘animal’/de AND 'human’/de)))

#14 AND #15

([conference abstract]/lim OR [conference paper]/lim
OR [conference review]/lim OR [data papers]/lim OR
[editorial]/lim OR [erratum]/lim OR [letter]/lim OR
[note]/lim OR [review]/lim OR [short survey]/lim OR
‘case report’/de OR review’/de) OR ((rat:ti,tt OR
rats:ti,tt OR mouse:ti,tt OR mice:ti,tt OR swine:ti,tt OR
porcine:ti,tt OR murine:ti,tt OR sheep:ti,tt OR
lambs:ti,tt OR pigs:ti,tt OR piglets:ti,tt OR rabbit:ti,tt
OR rabbits:ti,tt OR cat:ti,tt OR cats:ti,tt OR dog:ti,tt OR
dogs:ti,tt OR cattle:ti,tt OR bovine:ti,tt OR monkey:ti,tt
OR monkeys:titt OR trout:

#16 NOT #17
#18 AND [Embase]/lim

Database: Cochrane Library (Wiley). Search date:
February 18, 2022

Limits: N/A

Search results: 101

1 [mh “Pancreatic Neoplasms”] OR [mh "Digestive System Neoplasms"]
OR ((pancreas OR pancreatic) NEAR/3 (cancer* OR malignan* OR
lesion* OR mass OR masses OR tumor* OR tumour* OR nodule* OR
neoplas* OR carcinoma* OR carcinogen* OR growth* OR
adenocarcin®)):ti,ab,kw
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~

11
12

13
14

[mh “bile ducts”] OR [mh “biliary tract diseases”] OR (bile duct* OR

biliary):ti,ab,kw

[mh “constriction, pathologic”] OR (constriction OR stricture* OR
stenos?s OR obstruction OR occlusion OR blockage):ti,ab,kw

#2 AND #3

[mh cholestasis] OR cholestasis:ti,ab,kw OR ((bile duct* OR biliary OR
anastomotic OR non-anastomic OR nonanastomic) NEAR/2 (stricture*

OR obstruction OR occlusion OR stenos?s OR blockage)):ti,ab,kw OR
[mh "jaundice, obstructive"] OR (jaundice NEAR/3 obstruct®):ti,ab,kw

#4 OR #5
#1 AND #6

[mh “Cholangiopancreatography, Endoscopic Retrograde”] OR [mh

"Endoscopy, Gastrointestinal"] OR [mh Drainage] OR [mh Suction] OR

(ERCP OR ERCPs):ti,ab,kw OR (endoscop* NEAR/2 retrograd* NEAR/2
(cholangiopancreatograph* OR cholangio-pancreatograph*)):ti,ab,kw
OR endoscop*:ti,ab,kw OR (drain* OR suction* OR aspirate* OR

aspiration®):ti,ab,kw

[mh Stents] OR [mh Catheters] OR [mh Catheterization]
(stent* OR (catheter* OR cannula* OR tube* OR pipe* OR "SEMS") OR

(pancreatic duct* NEAR/5 holder*) OR (SEM OR SEMTs OR SEM OR

SEMs OR FCSEMS)):ti,ab,kw
#9 OR #10

[mh metals] OR [mh plastics] OR metal*:ti,abkw OR plastic*:ti,ab,kw

OR [mh "Coated Materials, Biocompatible"] OR (covered OR uncovered

OR un-covered OR coated OR un-coated OR uncoated):ti,ab,kw

#9 AND #11 AND #12
#7 AND #13

Search strategies for PICO question 7: celiac
plexus neurolysis for pancreatic cancer-related
abdominal pain

Database: Ovid MEDLINE.

Search date: February 17, 2022

Limits: RCTs, cohort/observational studies (prospective
and retrospective), systematic reviews, meta-analyses,

comparative studies

Search results: 157

exp Pancreatic Neoplasms/ or "Digestive System

Neoplasms"/ or ((pancreas or pancreatic) adj3 (cancer* or

malignan* or lesion* or mass or masses or tumor* or
tumour* or nodule* or neoplas* or carcinoma* or
carcinogen* or growth* or abscess* or
adenocarcin®)).tw,kf. or pdac.tw,kf.

exp Ganglia/ or celiac plexus/ or ("celiac plexus" or "coeliac

plexus" or ganglia or ganglion).tw kf.

exp nerve block/ or (neurolysis or "nerve block$" or
block?).tw,kf.

2 and 3

((("celiac plexus" or ganglia or ganglion) adj5 block$) or

(("coeliac plexus" or ganglia or ganglion) adj5
blocks)).tw kf.

NCPB.ti,ab.

("neurolytic sympathetic plexus" adj5 block$).tw,kf.
or/4-7

1and 8

exp "sensitivity and specificity"/

false negative reactions/ or false positive reactions/
(sensitivity or specificity).ti,ab.

(predictive adj value$1).ti,ab.

(likelihood adj ratio$1).ti,ab.

119559

139253

366652

6319
4084

58

2

8003
392
630720
39874
1144108
14
17668

15
16
17
18
19
20
21
22
23
24
25

26
27
28
29
30
31
32
33
34
35
36
37

38
39
40
41
42
43
a4
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

65

66

67
68

(false adj (negative$1 or positive$1)).ti,ab.

(randomized controlled trial or controlled clinical trial).pt.
double blind method/ or single blind method/

practice guideline.pt.

consensus development conference.pt.

random$.ti,ab.

random allocation/

(single blind$3 or double blind$3 or triple blind$3).ti,ab.
(review or review academic).pt.

meta analysis.pt.

(systematic adj reviewS$).ti,ab. or (systematic* adj3
search*).ab.

or/10-23

26 and (24 or 25)

Randomized controlled trials as Topic/

Randomized controlled trial/

Random allocation/

Double blind method/

Single blind method/

Clinical trial/

exp Clinical Trials as Topic/

or/28-34

(clinic$ adj trial$1).tw.

((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or
mask$3)).tw.

Placebos/

Placebo$.tw.

Randomly allocated.tw.

(allocated adj2 random).tw.

or/36-41

35 or 42

Case report.tw.

Letter/

Historical article/

Review of reported cases.pt.

Review, multicase.pt.

or/44-48

43 not 49

Epidemiologic studies/

exp case control studies/

exp cohort studies/

Case control.tw.

(cohort adj (study or studies)).tw.

Cohort analy$.tw.

(Follow up adj (study or studies)).tw.

(observational adj (study or studies)).tw.
Longitudinal.tw.

Retrospective.tw.

Cross sectional.tw.

Cross-sectional studies/

or/51-62

"Comparative Study"/ or "Comparative Effectiveness
Research"/ or "random allocation"/ or (compar* or vs or
versus or random* or ((double or single) adj3 blind*) or
((choice or chose or choose) adj3 therap*)).ab,ti.

27 or 50 or 63 or 64

(addresses or biography or case reports or comment or
directory or editorial or festschrift or interview or lectures
or legal cases or legislation or letter or news or newspaper
article or patient education handout or popular works or
congresses or consensus development conference or
consensus development conference, nih).pt. or (exp
animals/ not humans.sh.)

65 not 66

9 and 67

83840
648637
200664
29629
12264
1291960
106611
182181
2939376
152986
254118

5824737
229445
152764
558809
106611
170064
31602
533843
370454
1265757
425628
186289

35885
232965
32901
808
712400
1582352
355205
1170414
367659
0

0
1875729
1544833
9002
1285331
2297303
140833
262645
9984
52962
135176
285367
642876
435362
411516
3453308
8125256

10333035

9332515

8464421
157
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Database: EMBASE.com (Elsevier).

Search date: February 17, 2022

Limits: RCTs, cohort/observational studies (prospective

and retrospective), systematic reviews, meta-analyses,
comparative studies

Search results: 106

‘pancreas tumor’/exp OR ((pancreas OR
pancreatic) NEAR/3 (cancer* OR malignan* OR
lesion* OR mass OR masses OR tumor* OR
tumour* OR nodule* OR neoplas* OR carcinoma*
OR carcinogen* OR growth* OR
adenocarcin®)):ti,ab,kw OR pdac:ti,ab,kw
‘ganglion’/exp OR ‘celiac plexus'/exp OR ("celiac
plexus" OR "coeliac plexus" OR ganglia OR
ganglion):ti,ab,kw

‘nerve block’/exp OR (neurolysis OR "nerve block$"
OR block?):ti,ab,kw

#2 AND #3

((("celiac plexus" OR ganglia OR ganglion) NEAR/5
block$) OR (("coeliac plexus" OR ganglia OR
ganglion) NEAR/5 block$)):ti,ab,kw

NCPB:ti,ab

("neurolytic sympathetic plexus" NEAR/5
block$):ti,ab,kw

#4 OR #5 OR #6 OR #7

#1 AND #8

(‘Clinical trial’/de OR 'Randomized controlled trial’/
de OR 'Randomization’/de OR Single blind
procedure’/de OR '‘Double blind procedure’/de OR
‘Crossover procedure’/de OR 'Placebo’/de OR
Randomi?ed controlled trial*:ti,abkw OR
Rct:ti,ab,kw OR Random allocation:ti,ab,kw OR
Randomly allocated:ti,ab,kw OR Allocated
randomly:ti,ab,kw OR (allocated NEAR/2
random):ti,ab,kw OR Single blind*:ti,ab,kw OR
Double blind*:ti,ab,kw OR ((treble OR triple) NEAR
(blind*)):ti,ab,kw OR Placebo*:ti,ab,kw OR
'Prospective study’/de) NOT (‘Case study’/de OR
Case report:ti,ab,kw OR "Abstract report’/de or
‘letter’/de) OR ‘Clinical study’/de OR ‘Case control
study’/de OR ‘Family study’/de OR ‘Longitudinal
study’/de OR 'Retrospective study’/de OR
(‘Prospective study’/de NOT 'Randomized
controlled trials’/de) OR ‘Cohort analysis’/de OR
(Cohort NEAR (study OR studies)):ti,ab,kw OR
("Case control" NEAR (study OR studies)):ti,ab,kw
OR (*follow up" NEAR (study OR studies)):ti,ab,kw
OR (observational NEAR (study OR
studies)):ti,ab,kw OR (epidemiologic* NEAR (study
OR studies)):ti,ab,kw OR ("cross sectional" NEAR
(study OR studies)):tiab,kw OR (‘Meta Analysis'/
exp OR ((meta NEAR analy*) OR
metaanalys*):ti,ab,kw OR (systematic NEAR
(review*1 OR overview*1)):ti,ab,kw OR cancerlit:ab
OR Cochrane:ab OR Embase:ab OR (psychlit OR
psyclit):ab OR (psychinfo OR psycinfo):ab OR
(cinahl OR cinhal):ab OR science citation index:ab

OR bids:ab OR reference lists:ab OR
bibliograph*:ab OR hand-search*:ab OR manual
search*:ab OR relevant journals:ab OR ((data
extraction:ab OR selection criteria:ab) AND
review:it) OR ‘comparative study’/de OR
‘comparative effectiveness’/de OR
‘randomization’/de OR (compar* OR vs OR versus
OR random* OR ((double OR single) NEAR/3
blind*) OR ((choice OR chose OR choose) NEAR/3
therap*)):ti,ab) NOT (letter:it OR editorial:it OR
("animal’/de NOT (‘animal’/de AND 'human’/de)))

11 #9 AND #10

12 ([conference abstract]/lim OR [conference paper]/
lim OR [conference review]/lim OR [data papers]/
lim OR [editorial]/lim OR [erratum]/lim OR [letter]/
lim OR [note]/lim OR [review]/lim OR [short
survey]/lim OR ‘case report’/de OR ‘review’/de) OR
((rat:ti,tt OR rats:ti,tt OR mouse:ti,tt OR mice:ti,tt OR
swine:ti,tt OR porcine:ti,tt OR murine:ti,tt OR
sheep:ti,tt OR lambs:ti,tt OR pigs:ti,tt OR piglets:ti,tt
OR rabbit:ti,tt OR rabbits:ti,tt OR cat:ti,tt OR
cats:ti,tt OR dog:ti,tt OR dogs:ti,tt OR cattle:ti,tt OR
bovine:ti,tt OR monkey:ti,tt OR monkeys:ti,tt OR
trout:

ti,tt OR

marmoset*:ti,tt) AND

‘animal experiment’/

de) OR (‘animal

experiment’/de NOT

(‘human experiment’/

de OR ‘human’/de))

13 #11 NOT #12

14 #13 AND [Embase]/lim

Database: Cochrane Library (Wiley).

Search date: February 17, 2022

Limits: N/A
Search results: 77

u b

O 00 N O

[mh “Pancreatic Neoplasms”] OR [mh "Digestive System Neoplasms"]
OR ((pancreas OR pancreatic) NEAR/3 (cancer* OR malignan* OR lesion*
OR mass OR masses OR tumor* OR tumour* OR nodule* OR neoplas*
OR carcinoma* OR carcinogen* OR growth* OR adenocarcin®)):ti,ab,kw
OR pdac:ti,ab,kw

[mh Ganglia] OR [mh “celiac plexus”] OR ("celiac plexus" OR "coeliac
plexus" OR ganglia OR ganglion):ti,abkw

[mh “nerve block”] OR (neurolysis OR "nerve block$" OR block?):ti,abkw
#2 AND #3

((("celiac plexus" OR ganglia OR ganglion) NEAR/5 block$) OR (("coeliac
plexus" OR ganglia OR ganglion) NEAR/5 blocks$)):ti,ab,kw

NCPB:ti,ab

("neurolytic sympathetic plexus" NEAR/5 block$):ti,abkw

#4 OR #5 OR #6 OR #7

#1 AND #8
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