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Introduction
!

Endoscopic ultrasound-guided fine needle as-
piration (EUS-FNA) is the standard of care for tis-
sue sampling of pancreatic masses along with le-
sions within and adjacent to the gastrointestinal
tract [1]. The diagnostic yield of EUS-FNA has
been reported to be between 50% to 98% depend-
ing on the lesion type [2,3]. Techniques to opti-
mize EUS-FNA in a variety of lesion types have
not yet been established. Several technical vari-
ables have been studied, including needle gauge,
use of stylet, and use of suction or capillary
(“slow pull”) techniques. While various observa-
tional studies have shown some impact on EUS-
FNA, alterations within these variables have not
been demonstrated to consistently improve diag-
nostic yield [4–8]. In addition, EUS-FNA has lim-
itations. The adequacy of a specimen may be de-
pendent on the availability of on-site cytopathol-

ogy evaluation [9–13]. Tissue architecture and
morphology is often difficult to maintain in EUS-
FNA samples [14–16]. This may limit immuno-
histochemistry or immunophenotyping, which is
often helpful to establish a diagnosis for neo-
plasms such as lymphoma, metastasis, or subepi-
thelial lesions [17–21].
Given these shortcomings, new approaches have
shifted to the development of EUS-guided fine
needle biopsy (EUS-FNB). Initial experience with
a tru-cut (Quick CoreTM, Cook Medical, Winston-
Salem, NC) biopsy needle was limited by the nee-
dle stiffness and difficulty with the firing mecha-
nism [22]. More recently, a new generation of
core biopsy needles have been introduced (Echo-
tip ProcoreTM, Cook Medical, Winston-Salem, NC).
Multiple prospective cohort studies have suggest-
ed a significant improvement in diagnostic yield
with EUS-FNB, while one RCT and some retro-
spective series have shown varying results [19,
22,23]. To date, there is limited published data
comparing EUS-FNA and EUS-FNB with regard to
diagnostic yield in pancreatic and non-pancreatic
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Background and study aims: Techniques to opti-
mize endoscopic ultrasound-guided tissue acqui-
sition (EUS-TA) in a variety of lesion types have
not yet been established. The primary aim of this
study was to compare the diagnostic yield (DY) of
endoscopic ultrasound-guided fine needle aspira-
tion (EUS-FNA) to endoscopic ultrasound-guided
fine needle biopsy (EUS-FNB) for pancreatic and
non-pancreatic masses.
Patients and methods: Consecutive patients re-
ferred for EUS-TA underwent randomization to
EUS-FNA or EUS-FNB at four tertiary-caremedical
centers. Amaximum of three passeswere allowed
for the initial method of EUS-TA and patients
were crossed over to the other arm based on on-
site specimen adequacy.
Results: A total of 140 patients were enrolled. The
overall DY was significantly higher with speci-

mens obtained by EUS-FNB compared to EUS-
FNA (90.0% vs. 67.1%, P=0.002). While there was
no difference in the DY between the two groups
for pancreatic masses (FNB: 91.7% vs. FNA:
78.4 %, P=0.19), the DY of EUS-FNB was higher
than the EUS-FNA for non-pancreatic lesions
(88.2% vs. 54.5%, P=0.006). Specimen adequacy
was higher for EUS-FNB compared to EUS-FNA
for all lesions (P=0.006). There was a significant
rescue effect of crossover from failed FNA to FNB
in 27 out of 28 cases (96.5%, P=0.0003). Decision
analysis showed that the strategy of EUS-FNB was
cost saving compared to EUS-FNA over a wide
range of cost and outcome probabilities.
Conclusions: Results of this RCT and decision a-
nalysis demonstrate superior DY and specimen
adequacy for solid mass lesions sampled by EUS-
FNB.



masses. In addition, the cost effectiveness of EUS-FNA and EUS-
FNB tissue acquisition techniques has not been previously eval-
uated. We hypothesized that EUS-FNB provides higher diagnostic
yield than EUS-FNA. In this multicenter, prospective, randomized
controlled trial, we aimed to compare the diagnostic yield be-
tween EUS-FNA and EUS-FNB in patients undergoing EUS-guided
tissue acquisition (EUS-TA) for pancreatic and non-pancreatic
masses.

Patients and methods
!

Study design
This prospective, randomized, cross-over, multicenter trial was
conducted at four tertiary-care medical centers: Northwestern
Memorial Hospital, Chicago, IL; California Pacific Medical Center,
San Francisco, CA; Moffitt Cancer Center, Tampa, FL; and Univer-
sity of California Los Angeles, Los Angeles, CA. The study was ap-
proved by the institutional review board at each participating
center.

Study population
Consecutive patients referred for EUS-TA of solid masses (pan-
creas, lymph nodes, metastases, and subepithelial lesions) were
prospectively enrolled from January 2013 through May 2014.
The inclusion criteria included age greater than 18 years and
presence of a solid mass lesion confirmed by at least one single
investigational modality mainly computed tomography, magnet-
ic resonance imaging, or endoscopy. Exclusion criteria were coa-
gulopathy (INR >1.5), thrombocytopenia (<50,000), episode of
acute pancreatitis in the preceding 4 weeks, inability to safely
perform EUS-TA, and refusal or inability to provide informed
consent.

EUS-FNA/FNB procedure
All procedures were performed by experienced endosonogra-
phers, each of whom had performed more than 1000 cases. The
curvilinear array echoendoscope (GF-UC140P or GF-UCT140,
Olympus America, Center Valley, PA) was used in all cases.
EUS-FNA was performed using commercially available needles
(EchotipTM, Cook Medical, Winston-Salem, NC; ExpectTM, Boston
Scientific, Natick MA). Randomization of needle gauge, use of
suction or “slow pull” technique, and use of stylet was not per-
formed for this RCT and left to the discretion of the endosonogra-
pher. After the lesion was identified, it was punctured under
Doppler guidance and approximately 10 to 15 back-and-forth
movements were performed with the FNA needle into the target
lesion using 10mL of suction or the capillary “slow pull” tech-
nique.
EUS-FNB was performed using the (Echotip ProcoreTM, Cook
Medical, Winston-Salem, NC) needle. The ProcoreTM needle is
composed of nitinol, contains a novel reverse cutting bevel design
for procurement of a core specimen, and is available in 19–22-,
and 25-G sizes. The needle gauge was again left to the discretion
of the endosonographer. For FNB, the capillary technique was
used with a stylet (no syringe suction) with approximately 10 to
15 back-and-forth movements in the target lesion to acquire the
core specimen. Endosonographers were not permitted to change
needle gauge or use of suction/stylet during the 3 passes.

Randomization
Patients were centrally randomized to one of two arms: EUS-FNA
or EUS-FNB. Randomization was performed by a computerized
binary random number generator at the primary site (Northwes-
tern University). The order of EUS-TA technique was determined
using an opaque sealed envelope.

Study protocol
After randomization, a needle (FNA/FNB) was selected by the en-
dosonographer. A maximum of three passes were allowed to ob-
tain an adequate specimen as assessed by an on-site cytopathol-
ogist/cytotechnologist. If an adequate specimenwas not obtained
after three passes, the patient was crossed over to the alternate
EUS-TA modality. An additional three passes were permitted in
order to obtain an adequate specimen (●" Fig.1).

Cytopathologic and histologic assessment
After tissue acquisition, the specimens were expressed onto a
slide using a stylet and/or air flush. All FNA and FNB smears
were prepared and assessed for adequacy on site by a cytotechni-
cian/cytopathologist and subsequently confirmed by an experi-
enced cytopathologist. Cytopathologists/cytotechnicans were
not blinded to the tissue acquisition method due to the need for
specialized preparation of the sample depending on the tech-
nique used. Furthermore, the acquisition of a tissue core by EUS-
FNB would be clearly visible, and lead to unblinding of the cyto-
technician/cytopathologist. When performing EUS-FNA, one
slide was air dried and prepared with Diff-Quik stain for on-site
analysis. The second slide was fixed in alcohol solution to be
stained later with Papanicolaou stain. Remaining FNA aspirate
was placed into a standard cytologic solution for cell block prep-
aration. When performing EUS-FNB, core specimens were pre-
pared on slides using either smash or touch preparation accord-
ing to the presence of fragmented tissue or a visible core speci-
men [24]. If the tissue acquired contained a visible core, a stand-
ard touch preparation was utilized. The touch preparation tech-
nique was performed by carefully placing the visible core speci-
men onto a slide and slowly moving the specimen around the
slide before placing the specimen into a container with formalin
for subsequent histologic evaluation. In the event that only frag-
mented or scant tissue was obtained, the smash protocol was
performed: the tissue was put on a slide, and a second slide was
used to gently crush the tissue between the two slides to prepare
an air-dried crush preparation; any residual tissue was fixed in
formalin for subsequent H&E staining and histologic evaluation.

Referral for EUS tissue acquisition

140 Patients enrolled

Patients randomized

FNA (n = 70) FNB (n = 70)

No diagnosis 
obtained (n = 28)

Cross over 
alternative method

No diagnosis 
obtained (n = 12)

Fig.1 Study flow chart
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Each pass was assessed immediately for cellular adequacy and a
final diagnosis was determined after reviewof all FNA or FNBma-
terial. Once an adequate specimen was obtained, the procedure
was terminated. The final diagnosis was categorized as diagnostic
or non-diagnostic (defined to include suspicious and atypical
readings) and was standardized among all participating cytopa-
thologists.

Outcome measures and study definitions
The primary aim of this study was to compare the diagnostic
yield of EUS-FNA and EUS-FNB overall for all lesions. Our second-
ary aims included comparison of: (1) technical success; (2) diag-
nostic yield for pancreas and non-pancreas mass subgroups; (3)
on-site specimen adequacy for EUS-FNA and EUS-FNB; (4) sal-
vage effect of EUS-FNA and EUS-FNB; (5) cost-effectiveness anal-
ysis comparing EUS-FNA and EUS-FNB for pancreatic and non-
pancreatic masses; and (6) adverse events. For this study we
used the following standardized definitions: (1) diagnostic yield:
percentage of the lesions sampled for which a tissue diagnosis is
obtained; and (2) on-site specimen adequacy: the percentage of
lesions sampled in which the obtained material is representative
of the target site.

Sample size and statistical analysis
A sample size calculation was performed to conduct a between-
subjects comparison of EUS-FNA and EUS-FNB. Based on a litera-
ture review of EUS-FNA and EUS-FNB for heterogeneous indica-
tions, we expected a difference in diagnostic yield of 20% for all
lesion types (pancreatic and non-pancreatic) between EUS-FNB
(90%) and EUS-FNA (70%) after three needle passes. Using these
criteria, a total of 140 patients were required with 70 patients in
each arm. Results for continuous variables are expressed by using
mean ± standard deviation. Frequencies and percentages were
calculated for categorical variables. Student's t-test was used to
compare normally distributed continuous variables. Wilcoxon
rank-sum test was used for variables not normally distributed
and χ2analysis was used to compare the association between ca-
tegorical variables and outcomes. McNemar test was used to
compare paired binary data. A P value <0.05 was considered sig-
nificant and all statistical analyseswere conducted using SASver-
sion 9.2 (SAS Institute, Inc., Cary, North Carolina). The results are
reported in accordance with the CONSORT statement [25].

Decision analysis
!

A decision analysis tree was constructed using decision analysis
software (TreeAge Pro, TreeAge Software, Williamstown, MA)
and two competing strategies were evaluated from a third-par-
ty-payer perspective in a hypothetical cohort of patients with
pancreatic and non-pancreatic masses undergoing EUS for EUS-
guided tissue acquisition (●" Fig. 2). Under strategy I, all patients
underwent EUS-FNB without on-site cytopathology evaluation
and specimens obtained were submitted to pathology for histo-
logic evaluation. Under strategy II, all patients underwent EUS-
FNA and slides from each EUS FNA pass were prepared by an on-
site cytology technician and a cytopathologist interpreted the
slides immediately during the procedure to assess for adequacy
and preliminary diagnosis. It was assumed that all cases were
performed under monitored anesthesia care. In this decision a-
nalysis model, unlike the RCT, no cross-over designwas followed.
Under both strategies, repeat EUS was performed if clinically in-
dicated in case the first EUS FNA/FNB was non-diagnostic. The
model did not consider any cost associated with further work-
up beyond two non-diagnostic EUS procedures. Data on param-
eters such as diagnostic yield and adequacy of sampling with
EUS-FNA and FNB and incremental diagnostic yield with second
EUS procedures were obtained from results of this study and
published data. The analysis was performed from a third-party-
payer perspective, and Centers for Medicare and Medicaid Servi-
ces (CMS) data on EUS FNA/FNB procedural reimbursement, pro-
cedural sedation costs with monitored anesthesia care, and pa-
thology interpretation of on-site and off-site cytology slides
were used. Cost parameters in terms of utilization and salary of
the cytology technician were obtained from institutional data.
Baseline estimates (data from the current randomized controlled
trial and available literature) and costs were varied by using a
sensitivity analysis through the ranges as shown in ●" Table1
[26–32]. Monte Carlo simulation analysis was performed in a hy-
pothetical cohort of 1000 patients undergoing EUS and the incre-
mental costs were calculated.

Adequate sample

Diagnostic specimen

Diagnostic specimen

Non-diagnostic specimen:
repeat EUS

Non-diagnostic specimen:
repeat EUS

Diagnostic specimen

Confirmed diagnosis

Confirmed diagnosis

Unconfirmed diagnosis

Diagnostic specimen

Confirmed diagnosis

Unconfirmed diagnosis

* With onsite pathologyDecision node Probability node Outcome node

EUS guided tissue acquisition

Inadequate sample

Adequate sample

Inadequate sample

FNB

FNA*

Fig.2 Decision analysis tree showing the structure
of the decision analysis model comparing the two
competing strategies: EUS-FNB and EUS-FNA. In the
decision tree, squares, circles, and triangles repre-
sent decision, probability and outcome nodes,
respectively.
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Results
!

Patients
A total of 140 (70 EUS-FNA, 70 EUS-FNB) consecutive subjects
were enrolled in the study over a 17-month period. Seventy-
four patients (52.8%) were male. There were no differences in pa-
tient demographics and lesion characteristics between the two
groups. Furthermore, pancreatic and non-pancreatic lesions
were distributed evenly between EUS-FNA and EUS-FNB (●" Ta-
ble2).

Tissue acquisition techniques
EUS-TA was technically successful in all patients without any ad-
verse events. For patients randomized to the EUS-FNA arm, a 22G
needle was used in 48 (68.6%) while a 25G needle was used in 22
(31.4%). For patients randomized to the EUS-FNB arm, a 19G
needle was used in 7 (10%), a 22G needle in 37 (52.8%), and a
25G needle in 26 (37.1%). There was no significant difference in
needle gauge or the number of passes performed (FNA mean ±
[SD] 3.0 ± (1.0), FNB mean ± [SD] 2.8 ± (1.0), P=0.20) with FNA
and FNB techniques (●" Table3).

Diagnostic yield
The overall DY was significantly higher with specimens obtained
by EUS-FNB compared to EUS-FNA (90% vs. 67.1%, P=0.002).
Non-pancreatic lesions were associated with a higher diagnostic
yield with the FNB technique compared to FNA (88.2% vs. 54.5%,
P=0.006). There was no statistically significant difference be-
tween EUS-FNA and EUS-FNB for pancreas masses (91.7% vs.
78.4%, P=0.19). The differences observed were independent of
lesion size, number of passes, use of suction or stylet, or needle
gauge (●" Table3). Final diagnosis by lesion type is listed in sup-
plementary●" Table1.

Specimen adequacy
The overall specimen adequacy was significantly greater for EUS-
FNB compared to EUS-FNA (82.8% vs. 60.0%, P=0.006). Greater
specimen adequacy was observed in non-pancreatic lesions sam-
pled by EUS-FNB (82.4% vs. 51.5%, P=0.019). There was no statis-
tically significant difference in specimen adequacy for pancreatic
masses between EUS-FNA and EUS-FNB (83.3% vs. 67.5%, P=
0.19).

Crossover salvage effect
We also evaluated the salvage effect of the alternative tissue ac-
quisition method when the initial three passes with either EUS-
FNA or EUS-FNB failed to provide an adequate specimen. There
was a significant salvage effect in diagnostic yield for crossover
from failed EUS-FNA to EUS-FNB in 27 out of 28 cases (96.4%, P=
0.0003). This effect was independent of lesion subtype (15 non-
pancreatic vs. 12 pancreatic, P=0.12). In contrast, a diagnosis was
established in only 5/12 cases (41.7%, P=0.99) of failed EUS-FNB
that were crossed over to EUS-FNA. This effect was also indepen-
dent of lesion subtype (3 non-pancreatic vs. 2 pancreatic, P=
0.76).

Table 1 Relevant clinical probability estimates and costs used in the decision analysis.

Clinical probabilities and costs Baseline (range) Source

Cost variables

EUS FNA/FNB reimbursement $ 1315 (900–1500) CMS

Cost of FNB histology interpretation $ 48 (45–60) CMS

Cost of slide interpretation: onsite cytology CMS

a) First slide $ 45.58

b) Subsequent slide each $ 20.56

Annual salary of cytology technician $ 65,000 (40,000 –80,000) Institutional data

National CMS reimbursement 2013, Anesthesiologist per unit $ 21.95 CMS

Clinical probabilities

Number of passes

a) with EUS FNA and onsite cytology 5 (3–7) [13, 19, 26]

b) with EUS-FNB 2 [26]

Pancreatic lesions

Probability of adequate sample with FNB 0.81 (0.54–0.9) Current study, [23, 24, 27–29]

Probability of adequate sample with FNA and onsite cytology evaluation 0.65 (0.5–0.95) Current study, [11, 13]

Diagnostic yield of malignancy with FNB 0.92 (0.7–0.95) Current study, [23, 24, 27–29]

Diagnostic yield of malignancy with FNA 0.78 (0.55–0.85) Current study, [12, 30]

Non-pancreatic lesions

Probability of adequate sample with FNB 0.82 (0.54–0.9) Current study, [19, 23, 24, 28, 29]

Probability of adequate sample with FNA and onsite cytology evaluation 0.52 (0.5–0.95) Current study, [12, 31, 32]

Diagnostic yield of malignancy with FNB 0.88 (0.7–0.95) Current study, [19, 23, 24, 28, 29]

Diagnostic yield of malignancy with FNA 0.55 (0.5–0.85) Current study, [12, 31,32]

Table 2 Patient demographics and lesion characteristics.

Characteristic FNA

(n=70)

FNB

(n=70)

P value

Mean age (SD) 63.7 (14.4) 64.0 (14.4) 0.88

Male (n, %) 34 (48.6) 40 (57.1) 0.24

Caucasian (n, %) 43 (61.4) 44 (62.9) 0.13

Mean lesion size mm (SD) 30.2 (18.7) 29.2 (14.1) 0.71

Pancreatic masses (n, %) 37 (52.9) 36 (51.4) 0.99

Non-pancreatic masses (n, %) 33 (47.1) 34 (48.6) 0.98

Thoracic/abdominal/pelvic mass 16 15 0.78

Lymphadenopathy 10 11 0.88

Subepithelial lesions 7 8 0.67
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Decision analysis results
The results of baseline analysis are shown in●" Table4. Compar-
ing the two strategies for pancreatic and non-pancreatic masses,
strategy II of EUS-FNAwas dominated by strategy I of EUS-FNB in
that it was more expensive. The results of the Monte Carlo analy-
sis for pancreatic masses showed that under strategy I, EUS-FNB
confirmed diagnosis in 988 patients at an average cost of $2,152
(95% CI, 2070–2162) per patient and under strategy II, EUS-FNA
confirmed diagnosis in 921 patients at an average cost of $2,605
(95% CI, 2263–2664) per patient. The results of the Monte Carlo
analysis for non-pancreatic masses showed that under strategy I,
EUS-FNB confirmed diagnosis in 991 patients at an average cost
of $1921 (95% CI, 1874–1968) per patient and under strategy II,
EUS-FNA confirmed diagnosis in 725 patients at an average cost
of $2942 (95% CI, 2901–2985) per patient. ●" Supplementary
Fig.1 is a Tornado diagram showing the results of one-way sensi-
tivity analyses of the important variables impacting the out-
comes of the decision analysis. Besides the costs of the EUS pro-
cedure and sedation, sample adequacy and diagnostic yield of
EUS-FNB had themost influence on the results.●" Supplementary
Fig.2a and b show the results of the two-way sensitivity analyses
when probability of sample adequacy and diagnostic yield with
both tissue sampling techniques are varied simultaneously. The
robustness of the results of this decision analysis is highlighted
by the analyses (with all the reported values of adequacy of sam-
pling and diagnostic yield from the current study and published
data) and suggests that EUS-FNB is potentially more economical
compared to EUS-FNA.

Discussion
The optimal EUS-TA technique has not been clearly defined. This
gap is further underscored by the lower DY for non-pancreatic
mass lesions. However, recent data suggest that EUS-FNB may
improve DY [23,33–35]. In this multicenter, randomized con-
trolled trial with crossover design, we compared the diagnostic

yield of EUS-FNA and EUS-FNB in pancreatic and non-pancreatic
mass lesions. Results of this study demonstrated a significantly
higher overall DYof EUS-FNB over EUS-FNA in non-pancreatic le-
sions.
Data are limited from randomized controlled trials comparing
EUS-FNA to EUS-FNB in non-pancreatic mass lesions. [35,36]
The published diagnostic yield of EUS-FNA for gastric subepithe-
lial masses ranges from 42% to 92% [37,38]. Recently, Kim et al.
conducted a randomized controlled trial of 22 patients with gas-
tric subepithelial tumors. Patients whowere randomized to EUS-
FNB had significantly higher diagnostic yield compared to pa-
tients who underwent EUS-FNA (75% vs. 20%, P=0.010) [28].
Previously published prospective studies have also noted high di-
agnostic accuracy of the FNB technique in non-pancreatic mass
lesions [23,35]. A recent study evaluated 125 patients with non-
pancreatic masses using the 22-G core biopsy needle. They dem-
onstrated a diagnostic yield of 83% [34]. In another prospective
cohort study, Iglesias-Garcia and colleagues evaluated the per-
formance of the 19-G FNB needle in 114 patients. They reported
a diagnostic accuracy of 83.5% in the 67 patients with non-pan-
creatic lesions [23]. Our study results indicate a significantly
greater diagnostic yield with EUS-FNB of non-pancreatic lesions
of 88.2% compared to 54.5% with EUS-FNA (P=0.006), suggesting
that EUS-FNB is the optimal modality for tissue acquisition in
non-pancreatic masses.
The role of EUS-FNA for pancreatic mass lesions is well estab-
lished with diagnostic yield greater than 90% [39]. The pooled
sensitivity from five meta-analyses on EUS-FNA for solid pancre-
atic mass lesions is 85% to 89%, with higher diagnostic accuracy
in prospective, multicenter studies [10,40–42]. In addition, prior
prospective studies comparing FNA and FNB techniques for pan-
creatic mass lesions have failed to show a benefit for the FNB
technique. In another prospective, randomized, controlled trial
of 28 patients, Bang and colleagues evaluated the efficacy of a
22-G FNA and FNB needle [19]. They found no significant differ-

Table 3 Summary of tissue
acquisition results.

Characteristic FNA

(n=70)

FNB

(n=70)

P value

Mean no. of passes mean (SD) 3.0 (1.0) 2.8 (1.0) 0.20

Needle Size (n, %) 0.051

19-G 0 (0) 7 (10)

22-G 48 (68.6) 37 (52.9)

25-G 22 (31.4) 26 (37.1)

Diagnostic yield (n, %) 47/70 (67.1) 63/70 (90) 0.002

Pancreatic 29/37 (78.4) 33/36 (91.7) 0.19

Non-pancreatic 18/33 (54.5) 30/34 (88.2) 0.006

Specimen adequacy (n, %) 42/70 (60.0) 58/70 (82.8) 0.006

Pancreatic 25/37 (67.5) 30/36 (83.3) 0.19

Non-pancreatic 17/33 (51.5) 28/34 (82.4) 0.019

Crossover diagnostic yield (n, %)

FNA to FNB (n =28) 27 (96.4%) 0.0003

FNB to FNA (n = 12) 5 (41.7)% 0.99

Table 4 Results of baseline
analysis.

Baseline analysis Cost ($) per procedure Incremental cost

Pancreatic lesions

FNB $1926

FNA with on-site cytopathology $ 2538 $612

Non-pancreatic lesions

FNB $1931

FNA with on-site cytopathology $ 2926 $995
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ence in diagnostic yield or number of passes required to obtain a
diagnosis between the two techniques. However, this study was
limited by a very small sample size. In a prospective cohort study
of 32 patients with solid pancreatic masses comparing FNA cytol-
ogy to FNB core histology, Strand et al. actually found that the
FNB technique with a 22-G needle was associated with a signifi-
cantly reduced diagnostic yield compared to FNA (FNA: 93.8%,
FNB: 28.1%, P<0.001) [43]. However, this study used suction dur-
ing procurement of FNB, which may have increased the bloodi-
ness and contamination of specimens. Two recently published
prospective, randomized trials have also shown no difference in
diagnostic yield between EUS-FNA and EUS-FNB for pancreas
mass lesions [44,45]. Consistent with the previously published
literature, results from this randomized controlled trial also
showed no difference in diagnostic yield between EUS-FNA and
EUS-FNB for pancreatic masses (FNB: 91.7%, FNA: 78.4%, P=
0.19).
False-negative diagnoses during EUS-FNA have been reported in
4% to 45% of solid pancreatic masses and 6% to 14% of lymph
nodes [46]. False-negative cytology is most often due to inaccu-
rate tissue sampling, lesion characteristics (e.g. necrosis), insuffi-
cient endosonographer experience, or misinterpretation of speci-
mens [3]. Our study not only highlights the value of EUS-FNB in
non-pancreatic lesions, but also demonstrates the value of an
FNB specimen as salvage for inadequate FNA. Furthermore, this
effect was not dependent on lesion subtype. Therefore, it is im-
portant to recognize the lesion characteristics that may pose a
challenge to obtaining a tissue diagnosis and use the most appro-
priate tissue acquisition technique.
Using probabilities from published data and results from this
randomized controlled trial, a cost-effectiveness analysis from a
societal perspective showed that EUS-FNB (strategy of EUS-
FNB – two passes without on-site cytopathology evaluation) was
more cost-effective than EUS-FNA (strategy of FNA – passes dic-
tated by on-site cytopathology evaluation) of pancreatic and
non-pancreatic masses. While the strategy of EUS-FNB was
more cost effective, the authors acknowledge that the decision a-
nalysis does not mirror the methodology of the current random-
ized controlled trial. The strategies used in this decision model
reflect current clinical practice with regard to the use of these
EUS tissue acquisition techniques. These results were even more
pronounced when probabilities regarding specimen adequacy
and diagnostic yield from this study were used for the decision
model. Results from the Monte Carlo analysis and sensitivity a-
nalysis confirmed the above results. Variables with the maximal
impact on the results were cost of EUS procedure and sedation,
specimen adequacy, and diagnostic yield associated with EUS-
FNB.
Our study has several inherent strengths. The studywas designed
as a prospective, multicenter, randomized controlled trial, there-
by minimizing selection and assignment bias. Our sample size
was heterogeneous with nearly proportionate number of pancre-
atic and non-pancreatic masses. There are a few limitations to
this study that warrant mention. Patients in the study were not
followed longitudinally and, in the absence of a gold standard re-
ference of surgical specimens, accuracy rates could not be deter-
mined. Previous data have established the optimal number of
passes as seven for EUS-FNA without on-site cytopathology, and
three in the presence of on-site cytopathology [6,47]. No further
significant yield was demonstrated above these threshold num-
bers. As a result, we allotted three passes per technique prior to
crossover. This is potentially responsible for the lower specimen

adequacy and DY of EUS-FNA for pancreatic and non-pancreatic
masses than what is seen in clinical practice. However, given the
standardization across both arms, the effect of this design on the
difference in DY is likely minimal [13]. Our study was powered to
compare diagnostic yield for EUS-FNA and EUS-FNB for pancreat-
ic and non-pancreatic masses combined. Therefore, it was under-
powered to detect differences for the subgroup of pancreatic
mass lesions, leading to a possible type II error. Our diagnostic
yield of EUS-FNA of 78% for pancreatic lesions is lower than re-
ported in recent randomized trials [19]. However, studies with
comparable methodologies have reported similar diagnostic
yield [48]. Furthermore, our DY for EUS-FNA is higher than the
recommended threshold of 70% for quality indicators in EUS
[49]. The FNA technique and use of needle gauge was not stand-
ardized in our study, but rather, left at the discretion of the endo-
sonographer in this multicenter RCT in order to best simulate
true clinical practice in addition to the fact that there is lack of
level 1 evidence that these variables significantly affect the diag-
nostic yield. Meta-analysis data has demonstrated increased di-
agnostic yield of 25-G needles for pancreatic mass lesions, ho-
weve,r in our RCT there was no significant difference between
needle gauge in the FNA and FNB groups in our study, thus elim-
inating any potential bias or benefit in either group [30,50]. Our
study was performed at high-volume tertiary centers, therefore,
there was a bias toward malignant lesions. EUS-FNA was per-
formed in patients with a high pretest probability of malignancy
(mass on cross sectional imaging, jaundice, weight loss, elevated
CA 19–9) as there is increasing utilization of neoadjuvant che-
motherapy in the United States which requires a tissue diagnosis.
This may limit the broad application of our results to practice set-
tings outside of tertiary centers in the United States.
Lastly, it was not possible to mirror the methodology of the deci-
sion analysis with that of the randomized controlled trial, how-
ever, the decision analysis adds credence to the RCT results and
our recommendations.
In summary, the current RCT demonstrates superior diagnostic
yield of EUS-FNB over EUS-FNA. The difference was primarily
due to the significantly greater DYof EUS-FNB for non-pancreatic
masses. Our results also provide further evidence for the contin-
ued use of EUS-FNA for tissue acquisition in pancreatic mass le-
sions. However, EUS-FNB should be considered as the initial sam-
pling technique for non-pancreatic masses and as a salvage tech-
nique when on-site assessment of cytology samples is inade-
quate. Based on these results, the investigators propose an algo-
rithmic approach to EUS-TA in patients with pancreatic and non-
pancreatic masses [3]. These results and the approach to EUS-TA
need to be validated in future prospective, multicenter, random-
ized controlled trials.
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Supplementary Fig.2a and b Results of a two-way sensitivity analysis
with the X axis showing probability of adequate sampling by EUS-FNB and
the Y axis showing probability of adequate sampling of EUS-FNA. When
both these variables are simultaneously varied in the model, and the out-
put of the model is plotted, any point in the blue shaded area favors EUS-
FNB-based strategy and any point in the green cross-hatched area favors
EUS-FNA-based strategy. Similarly, Supplementary Fig.2b shows the re-
sult of a two-way sensitivity analysis with the X axis showing probability of
diagnostic yield by EUS-FNB and the Y-axis showing probability of diagnos-
tic yield of EUS-FNA. Blue circles in both figures represent when the data
from the current RCTwere plotted. It is evident that in a wide range of
possibilities of these parameters around the point derived from this study,
the EUS-FNB-based strategy is more economical. Similar results were noted
for pancreatic and non-pancreatic masses.

–$ 2700 –$ 2500 –$ 2300 –$ 2100 –$ 1900

Cost of EUS

Cost of sedation

Probability of adequate 
sample with FNB

Probability of diagnostic 
sample with FNB

Probability of diagnostic 
sample with FNA

Probability of adequate 
sample with FNA

–$ 1700 –$ 1500
Cost per patient

Supplementary Fig.1 Tornado diagram examin-
ing the impact of important cost and outcome
variables on the results of the decision analysis, with
cost per patient along the X axis. In the tornado
diagram, the uncertainty in the parameter asso-
ciated with the largest bar, the one at the top of the
chart has the maximum impact on the result, with
each successive lower bar having a lesser impact.
Also, thick vertical lines in the tornado diagram
identify the threshold points where EUS-FNA be-
comes more economical (i. e. model conclusion is
reversed). When the probability of adequate sam-
pling by EUS-FNB falls below 0.38, probability of di-
agnostic yield of EUS-FNB falls below 0.65 and the
probability of diagnostic yield of EUS-FNA is higher
than 0.87. Similar results were noted for pancreatic
and non-pancreatic masses.

Supplementary Table 1 Final diagnosis by lesion type.

Pancreatic lesions (n =73) n (%)

Adenocarcinoma 42 (57.5)

Pancreatic neuroendocrine tumor 9 (12.3)

Metastatic adenocarcinoma 9 (12.3)

Benign lymphoid cells (reactive LN) 6 (8.2)

Abscess 1 (1.4)

Chronic pancreatitis 1 (1.4)

Leiomyoma 1 (1.4)

Non-diagnostic 4 (5.5)

Non-pancreatic lesions (n =67) n (%)

Benign lymphoid cells (reactive LN) 14 (20.9)

GIST 12 (17.9)

B-cell Lymphoma 6 (9.0)

Adenocarcinoma

Metastatic adenocarcinoma of unknown primary 7 (10.5)

Metastatic pancreas adenocarcinoma 4 (6.0)

Lung adenocarcinoma 3 (4.5)

Gallbladder adenocarcinoma 1 (1.5)

Metastatic colon adenocarcinoma 1 (1.5)

Metastatic breast adenocarcinoma 1 (1.5)

Leiomyoma/leiomyomasacroma 3 (4.5)

Hepatocellular carcinoma 2 (3.0)

Myxoid tumor 1 (1.5)

Paraganglioma 1 (1.5)

Abscess 1 (1.5)

Pseudopapillary tumor 1 (1.5)

Non-diagnostic 9 (13.4)
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