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ABSTRACT

Background and study aims Endoscopic ultrasound

(EUS)-guided fine needle aspiration (FNA) is traditionally

considered a first-line strategy for diagnosing pancreatic le-

sions; however, given less than ideal accuracy rates, fine-

needle biopsy (FNB) has been recently developed to yield

histological tissue. The aim of this study was to compare di-

agnostic yield and safety between EUS-FNA and EUS-FNB in

sampling of pancreatic masses.

Patients and methods This was a multicenter retrospec-

tive study to evaluate efficacy and safety of EUS-FNA and

EUS-FNB for pancreatic lesions. Baseline characteristics in-

cluding sensitivity, specificity, and accuracy, were evaluat-

ed. Rapid on-site evaluation (ROSE) diagnostic adequacy,

cell-block accuracy, and adverse events were analyzed.

Subgroup analyses comparing FNA versus FNB route of tis-

sue acquisition and comparison between methods with or

without ROSE were performed. Multivariable logistic re-

gression was also performed.

Results A total of 574 patients (n =194 FNA, n=380 FNB)

were included. Overall sensitivity, specificity, and accuracy

of FNB versus FNA were similar [(89.09% versus 85.62%; P=

0.229), (98.04% versus 96.88%; P=0.387), and 90.29% ver-

sus 87.50%; P=0.307)]. Number of passes for ROSE ade-

quacy and cell-block accuracy were comparable for FNA

versus FNB [(3.06±1.62 versus 3.04±1.88; P=0.11) and

(3.08±1.63 versus 3.35±2.02; P=0.137)]. FNA+ROSE was

superior to FNA alone regarding sensitivity and accuracy

[91.96% versus 70.83%; P <0.001) and (91.80% versus

80.28%; P=0.020)]. Sensitivity of FNB+ROSE and FNB alone

were superior to FNA alone [(92.17% versus 70.83%; P <

0.001) and (87.44% versus 70.83%; P <0.001)]. There was

no difference in sensitivity though improved accuracy

between FNA+ROSE versus FNB alone [(91.96% versus

87.44%; P=0.193) and (91.80% versus 80.72%; P=0.006)].

FNB+ROSE was more accurate than FNA+ROSE (93.13%

versus 91.80%; P=0.001). Multivariate analysis showed

ROSE was a significant predictor of accuracy [OR 2.60 (95%

CI, 1.41–4.79)]. One adverse event occurred after FNB re-

sulting in patient death.

Conclusion EUS-FNB allowed for more consistent cell-

block evaluation as compared to EUS-FNA. EUS-FNA+ROSE

was found to have a similar sensitivity to EUS-FNB alone

suggesting a reduced need for ROSE as part of the standard

algorithm of pancreatic sampling. While FNB alone pro-

duced similar diagnostic findings to EUS-FNA+ROSE, FNB+

ROSE still was noted to increase diagnostic yield. This find-

ing may favor a unique role for FNB+ROSE, suggesting it

may be useful in cases when previous EUS-guided sampling

may have been indeterminate.
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Introduction
Pancreatic cancer is the fourth leading cause of cancer-related
death in Western countries with an overall 5-year survival rate
of 5% to 6% and a median survival of 3 to 5 months after diag-
nosis of metastatic disease. Accurate diagnosis of pancreatic le-
sions is crucial to ensure that proper treatment is provided and
the optimum prognosis achieved [1–4].

Diagnosis of pancreatic lesions was significantly improved
with application of endoscopic ultrasound (EUS). EUS-guided
fine-needle aspiration (FNA) has been the mainstay for tissue
acquisition for evaluation of pancreatic lesions since 1990s,
with sensitivity varying from 88% to 100% and specificity of up
to 100% [5–9]. Despite the success of EUS-FNA, the diagnostic
sampling technique has several limitations. The most impor-
tant limitation of FNA is that cytology specimens may be of lim-
ited value in certain disease entities for which diagnosis relies
on tissue architecture or ancillary studies [3–5]. For example,
cytological analysis alone may not distinguish inflammation
from well-differentiated neoplasia because inflammation re-
sults in a reactive and regenerative process leading to cellular
changes. In addition, certain conditions, such as lymphoma,
neuroendocrine tumors, autoimmune pancreatitis, and stromal
tumors, require histological specimens with preserved archi-
tecture, necessitating immunohistochemical (IHC) staining
and histologic diagnosis [10–13]. Furthermore, EUS-FNA often
requires multiple passes to obtain adequate tissue and rapid
on-site evaluation (ROSE) for optimal yield, although it remains
unclear to what extent ROSE impacts diagnostic accuracy [7,
14, 15].

To overcome limitations associated with EUS-FNA cytology
and improve diagnostic accuracy, a 19G trucut needle biopsy
(EUS-TNB) was designed to procure larger amounts of tissue
with conserved architecture, thus enabling histological analy-
sis. Although EUS-TNB has shown greater diagnostic accuracy
compared with EUS-FNA for submucosal lesions and lympho-
ma, and potentially required fewer needle passes for solid pan-
creatic neoplasms, this first generation fine-needle biopsy
(FNB) device failed to demonstrate superiority over traditional
FNA. Moreover, the technical failure rate was high, especially
when TNB was attempted with an angulated scope position
such as a transduodenal approach due to the stiffness of the
device [16, 17]. Consequently, more flexible second-generation
core biopsy needles have been developed, and are being in-
creasingly utilized for tissue acquisition – providing not just cy-
tological aspirates but also histologic core samples.

These include reverse bevel needles, side-open needles, and
fork-tip needles to collect core sample. These needles are avail-
able in several sizes including 19G, 20G, 21G, 22G, and 25G
needles and enable approaches such as a transduodenal ap-
proach, which is important for lesions in the head and uncinate
process of the pancreas [3–5, 7]. Core tissue samples obtained
with these newer FNB needles may improve diagnostic yield
and obviate the need for ROSE; however, data is limited. A pre-
vious meta-analysis reported that EUS-FNB is a reliable diagnos-
tic tool for solid pancreatic masses with sensitivity and specifi-
city of 84% and 98%, respectively [18]; however, high-quality

studies comparing these second generation FNB needles with
standard FNA needles have reached different conclusions [2, 5].

We therefore conducted this large multicenter study, to
compare diagnostic yield and safety between EUS-FNA and
EUS-FNB in sampling of pancreatic masses.

Patients and methods
Material and methods

This was a multi-center, retrospective study conducted at five
hospitals in Massachusetts, United States (Brigham and Wo-
men’s Hospital, Massachusetts General Hospital, Brigham and
Women’s Faulkner Hospital, Newton-Wellesley Hospital, and
North Shore Medical Center) following the STAndards for the
Reporting of Diagnostic accuracy studies (STARD) recommen-
dations (Appendix 1). The study was approved by the Institu-
tional Review Board from Partners Healthcare. All consecutive
patients, age ≥18 years, that had undergone EUS-guided tissue
acquisition of pancreatic masses from January 2016 to January
2019 were identified from a shared prospective registered.
Search terms included: endoscopic ultrasound and pancreatic
mass or pancreatic lesion and fine needle aspiration or fine nee-
dle biopsy. This database contains information on patient de-
mographics (i. e., sex, age, and comorbidities), lesion charac-
teristics (i. e., location, size, heterogeneity, and echogenicity),
and procedure details (i. e., route of tissue sampling, size and
type of the needle, number of passes, diagnostic adequacy of
cytological specimen on rapid on-site evaluation (ROSE) when
it was available, and diagnostic adequacy on cell block and on
slides examination). Additionally, the database contains infor-
mation regarding patient follow-up, including adverse events
(AEs), other diagnostic methods if performed, oncological
treatment, and surgery.

Procedural technique

All EUS-guided tissue sampling procedures were performed
with a linear array echoendoscope (Olympus GF-UCT180,
Olympus, Center Valley, Pennsylvania, United States) under
monitored anesthesia care by experienced endosonographers
or by fellows under expert supervision. Several different nee-
dles were used during these period, including 19G, 22G, and
25G FNA needles (Expect, Boston Scientific Corporation, Na-
tick, MA, USA or Echotip, Wilson-Cook Medical, Winston-Salem,
North Carolina, United States or Beacon, Medtronic Corpora-
tion, Newton, Massachusetts, United States) and 19G, 20G,
21G, 22G, and 25G FNB needles (Acquire, Boston Scientific Cor-
poration, Natick, Massachusetts, United States or SharkCore,
Medtronic Corporation, Newton, Massachusetts, United States
or ProCore, Cook Medical, Winston-Salem, North Carolina, Uni-
ted States). After the lesion was identified and punctured under
EUS guidance, a general fanning technique was performed. In-
dividual operator technique varied from each center, including
stylet slow-pull technique and standard suction.
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Rapid on-site evaluations (ROSE)

ROSE, which may be used to check sample adequacy and estab-
lish a preliminary diagnosis using a rapid stain, was not avail-
able in all cases. In cases where ROSE was performed, FNA spe-
cimens were expressed onto slides and then smeared for onsite
preparation. FNB specimens were prepared using the touch im-
print technique. To accomplish this technique, the tissue sur-
face was slighted pressed onto the slides prior to staining to re-
duce the creation of crushing artifacts. All slides were prepared
using both wet-fixed (placed in 96% ethyl alcohol for Papanico-
laou staining) and air-dried (in some cases stained with Diff-
Quik) techniques.

FNA evaluation

The samples obtained through EUS-FNA were transferred to
three to 12 slides. Each smear was made with slight pressure
to avoid crushing artifacts with half of the slides then placed
immediately in the 96% ethyl alcohol solution and the others
fixed in the air. When possible, part of the material was placed
in formalin solution for the preparation of the cell-block. The
specimen was subsequently sent to the pathology division, for
processing and staining by Papanicolaou method (i. e., slides in
alcohol solution), Diff-Quick Staining Protocol (i. e., air-dried
slides), and hematoxylin and eosin stain (i. e., cell-block). After
these processes, the cytological material was examined by ex-
perienced cytopathologists. IHC analysis was performed in se-
lected cases when needed.

FNB evaluation

FNB samples were fixed in buffered formalin (10% formalin) and
dehydrated before being embedded in paraffin. The tissue was
subsequently sliced into a 4-μm to 6-μm sections and stained
with hematoxylin-eosin. In addition, in some cases, FNB speci-
mens were prepared in slides using the touch imprint tech-
nique. The analyzes were performed by experienced patholo-
gists. IHC analysis was performed in selected cases when need-
ed.

Outcome measures

The primary outcome was the diagnostic yield [i. e., sensitivity,
specificity, positive likelihood ratio (LR+), negative likelihood
ratio (LR–), positive predictive value (PPV), negative predictive
value (NPV), and accuracy] of EUS-FNA and EUS-FNB from cyto-
logic or histologic analysis with and without IHC staining. In-
conclusive specimen results were considered as non-neoplastic
lesions as to not overestimate diagnostic yield. Secondary out-
comes included the proportion of adequate cellularity for ROSE
evaluation, median number of needle passes, diagnostic result
from histologic (cell-block) and cytologic (slides) analysis, as
well as AEs related to the procedure. Surgical resection pathol-
ogy was considered the gold standard for comparison to deter-
mine diagnostic accuracy. However, because most patients did
not undergo surgery due to benign findings or poor surgical
candidacy, patient follow-up for at least 6 months was also con-
sidered as the reference standard.

Statistical analysis

Baseline patient characteristics and procedure characteristics
were summarized as means ± standard deviation for continuous
data and frequencies and proportions for categorical data. As
diagnostic tests were performed on two independent groups
of patients, a bivariate model was used to compute the pooled
sensitivity and specificity, and diagnostic accuracy. Two-sample
t-tests for binomial proportions were used [19]. Continuous
data were compared using the two-sample t-test or Wilcoxon
rank-sum test and categorical data were compared using the
Chi-square or Fisher’s exact test as appropriate [20]. Statistical
significance was defined as a P<0.05.

Subgroup analyses to compare diagnostic yield were per-
formed based upon route of sampling. Additional analyses
were also performed to identify the diagnostic yield of FNA
alone, FNA with ROSE, FNB alone, and FNB with ROSE. From
this data, sensitivity, specificity, PPV, NPV, +LR, –LR, and accu-
racy were compared to determine if ROSE was beneficial. In ef-
fort to identify factors associated with diagnostic performance
between FNA and FNB needle types, a multivariable logistic re-
gression was performed with adjustment for clinically signifi-
cant univariate findings as well as age, gender, needle type,
needle size, and application of ROSE and cell block on. Results
of the regression analysis were expressed as beta-coefficient
(β) and odds ratio (OR). Statistical analyses were performed
using the Stata 13.0 software package (Stata Corp LP, College
Station, TX).

Results
Baseline patient and lesion characteristics

A total of 574 patients (308 male and 266 female) with a mean
age of 60.85±12.81 years old were enrolled in this study be-
tween January 2016 to January 2019. No significant difference
was noted between FNA and FNB cohorts. Technical success
was 100%. Of the 574 patients, 194 underwent FNA and 380
FNB. Most of the lesions were located at the head of the pan-
creas (n=248), followed by body (n =141), tail (n = 109), unci-
nate (n =42), and neck (n =34). The most common route of
sampling was via a transduodenal approach (49.45%) followed
by transgastric (48.91%), with the remaining procedures
requiring both transduodenal and transgastric approaches
(1.64%). Mean size of all lesions was 28.56±13.38mm with no
difference in sizes between FNA and FNB (27.02±14.05mm
versus 29.29±13.01; P=0.066). Complete baseline characteris-
tics for all included patients as well as stratification by FNA or
FNB cohort are demonstrated in ▶Table1.

Needle and sampling characteristics

Multiple needle sizes were used in this study, including, 20G,
21G, 22G, and 25G. The latter two were more commonly uti-
lized (52.89% and 45.71%, respectively). There was a sig-
nificant difference in needle size between FNA and FNB cohorts
(P <0.001) with FNA relying primarily upon 25G and FNB with
22G needle. There was no significant difference in number of
passes between lesions sampled with FNA and FNB (3.04±1.88
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▶Table 1 Baseline patient characteristics, lesion details, and sampling characteristics.

Results Total FNA FNB P value

Patient characteristics

No. of patients 574 194 380

Age (years)  66.69 (11.76)  66.28 (10.75)  66.90 (12.26) 0.633

Gender 0.296

No. of males (%) 308 (53.66%) 110 (56.70%) 198 (52.11%)

No. of females (%) 266 (46.34%)  84 (43.30%) 182 (47.89%)

Pancreatic lesion site 0.819

Head 248  85 (43.81%) 162 (42.89%)

Neck  34   9 (4.64%)  25 (6.58%)

Body 141  45 (23.20%)  96 (25.26%)

Tail 109  40 (20.62%)  69 (18.16%)

Uncinate  42  15 (7.73%)  27 (7.11%)

Lesion size  28.56 (13.38)  27.02 (14.05)  29.29 (13.01) 0.066

Diagnostic sample approach 0.097

Transgastric 269 (48.91%)  88 (48.35%) 181 (49.18%)

Tranduodenal 272 (49.45%)  88 (48.35%) 184 (50.00%)

Both transgastric and transduodenal   9 (1.64%)   6 (3.30%)   3 (0.82%)

Needle size < 0.001

20g   4 (0.70%)   0 (0.00%)   4 (1.06%)

21g   4 (0.70%)   0 (0.00%)   4 (1.06%)

22g 302 (52.89%)  66 (34.20%) 236 (62.43%)

25g 261 (45.71%) 127 (65.80%) 134 (35.45%)

No of passes   3.05 (1.71)   3.04 (1.88)   3.06 (1.62) 0.11

No. of samples with ROSE < 0.001

Yes 251 (43.88%) 122 (62.89%) 129 (34.13%)

No 321 (56.12%)  72 (37.11%) 249 (65.87%)

Adequate sample for ROSE 0.914

Yes 237 (94.42%) 115 (94.26%) 122 (94.57%)

No  14 (5.38%)   7 (5.74%)   7 (5.43%

No. of passes for ROSE adequacy   3.32 (1.82)   3.17 (1.80)   3.46 (1.84) 0.211

No. of samples with cell block < 0.001

Yes 511 (89.02%) 156 (80.41%) 355 (93.42%)

No  63 (10.98%)  38 (19.59%)  25 (6.58%)

No. of passes for cell block diagnosis   3.21 (± 1.87)   3.35 (2.02)   3.08 (1.63) 0.137

ROSE, rapid on-site evaluation
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versus 3.06±1.62; P=0.110). The majority of patients did not
have ROSE performed (56.12%). ROSE was more commonly
performed among FNA samples compared to FNB (62.89% ver-
sus 34.13%; P<0.001). Among patients having ROSE, sample
adequacy for ROSE as well as number of passes was not signifi-
cantly different [(FNA 94.26% versus FNB 94.57%, P=0.914)
and (FNA 3.17±1.80 versus FNB 3.46±1.84; P=0.211), respec-
tively]. Cell-block analysis was more common among FNB le-
sions (93.42% versus 80.41%; P<0.001) with a comparable
number of passes required to achieve a conclusive diagnosis
(FNA 3.33±2.02 versus 3.08±1.63, P=0.137). Further sam-
pling characteristics are illustrated in ▶Table 1.

Comparison of diagnostic characteristics

Overall sensitivity, specificity, and accuracy of FNA and FNB
for pancreatic lesions was 87.96% (95% CI, 84.74 to 90.71),
97.59% (95% CI, 91.57 to 99.71), and 89.35% (95% CI, 86.54
to 91.76). Compared to FNA, FNB resulted in comparable sensi-
tivity [85.62% (95% CI, 79.22 to 90.66) versus 89.09% (95% CI,
85.22 to 92.24); P =0.229] and similar specificity [96.88% (95%
CI, 83.78 to 99.92) versus 98.04% (95% CI, 89.55 to 99.95); P =
0.387]. Accuracy was not different for FNA as compared to FNB
[87.50% (95% CI, 81.97 to 91.82) versus 90.29% (95% CI, 86.86
to 93.07), P=0.307]. PPV and NPV were also similar for FNA ver-
sus FNB [(99.28% (95% CI, 95.21 to 99.89) versus 99.66% (95%
CI, 97.69 to 99.95), P=0.529)] and [(57.41% (95% CI, 47.88 to
66.41) versus 58.14% (95% CI, 50.44 to 65.46), P=0.867],
respectively]. One patient with underlying pancreatitis and a
suspected neuroendocrine tumor underwent EUS-FNB and her
clinical condition worsened after the procedure. This patient
died 5 days after tissue sampling due to worsening pancreatitis.
Complete diagnostic test characteristics are shown in ▶Table 2.

Subgroup analyses

A subgroup analysis was also performed for lesion with subse-
quent surgical resection to confirm the diagnosis. A total of
156 patients (FNA: n =56 vs FNB: n=100) had confirmatory pa-
thology via autopsy or surgical pathology. There was no differ-
ence in sensitivity [FNA: 87.27% (95% CI, 75.52 to 94.73) ver-
sus FNB: 85.71% (95% CI, 77.19 to 91.96), P=0.785] though
FNB was associated with a higher specificity [FNA: 0.00% (95%
CI, 0.00 to 97.50) versus FNB: 100.00% (95% CI, 15.81 to
100.00%); P <0.001]. There was no difference in diagnostic ac-
curacy between FNA versus FNB for patients with confirmed
surgical pathology [FNA: 85.71% (95% CI, 73.78 to 93.62) ver-
sus FNB: 86.00% (95% CI, 77.63 to 92.13%); P =0.960].

Comparison based on EUS-tissue sampling

A comparison between FNA and FNB based on EUS-tissue sam-
pling access was also performed. This analysis showed no dif-
ference in accuracy between needles based on transgastric or
transduodenal approaches (P>0.05). The results of the sub-
group analysis are shown in ▶Table3.

Diagnostic yield with and without ROSE

A comparison between methods with and without ROSE was
also performed. Overall, FNB with ROSE presented the higher
sensitivity, specificity, and accuracy compared to other vari-
ables. FNA with ROSE was superior to FNA alone regarding sen-
sitivity and accuracy [91.96% (95% CI, 85.29 to 96.26) and
91.80% (95% CI, 85.44 to 96.00) versus 70.83% (95% CI,
55.94 to 83.05) and 80.28% (95% CI, 69.14 to 88.78); P<
0.05]. Regarding sensitivity, both FNB and FNB with ROSE
were superior to FNA alone [87.44% (95% CI, 82.26 to
91.56), 92.17% (95% CI, 85.66 to 96.36) versus 70.83% (95%
CI, 55.94 to 83.05); P<0.05)]. FNB with ROSE presented higher

▶Table 2 Summary of results.

Diagnostic test characteristics Total FNA FNB P value

Sensitivity 87.96%
(95% CI, 84.74 to 90.71)

85.62%
(95% CI, 79.22 to 90.66)

89.09%
(95% CI, 85.22 to 92.24)

0.229

Specificity 97.59%
(95% CI, 91.57 to 99.71)

96.88%
(95% CI, 83.78 to 99.92)

98.04%
(95% CI, 89.55 to 99.95)

0.387

Positive likelihood ratio 36.50
(95% CI, 9.28 to 143.58)

27.40
(95% CI, 3.98 to 188.81)

45.44
(95% CI, 6.52 to 316.51)

0.714

Negative likelihood ratio 0.12
(95% CI, 0.10 to 0.16)

0.15
(95% CI, 0.10 to 0.22)

0.11
(95% CI, 0.08 to 0.15)

0.253

Positive predictive value 99.54%
(95% CI, 98.21 to 99.88)

99.28%
(95% CI, 95.21 to 99.89)

99.66%
(95% CI, 97.69 to 99.95)

0.529

Negative predictive value 57.86%
(95% CI, 51.88 to 63.61)

57.41%
(95% CI, 47.88 to 66.41)

58.14%
(95% CI, 50.44 to 65.46)

0.867

Accuracy 89.35%
(95% CI, 86.54 to 91.76)

87.50%
(95% CI, 81.97 to 91.82)

90.29%
(95% CI, 86.86 to 93.07)

0.307

Serious adverse events 1 (0.17) 0 (0.00) 1 (0.26) 0.821

FNA, fine-needle aspiration; FNB, fine-needle biopsy
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accuracy than FNB alone [93.13 (95% CI, 87.36 to 96.81) ver-
sus 80.72 (95% CI, 84.16 to 92.40); P=0.001]. There was no
difference in sensitivity though improved accuracy between
FNA with ROSE versus FNB alone [(91.96% versus 87.44%; P=
0.193) and (91.80% versus 80.72%; P=0.006)] (▶Table4 and

▶Table 5).

Multivariate logistic regression

Multivariate analysis was then performed controlling for age,
gender, needle type, needle size, use of ROSE, and cell block as-
sessment on diagnostic accuracy. Based upon the results of this
multivariate logistic regression, ROSE was a significant predic-
tor for better accuracy [OR 2.60 (95% CI, 1.41 to 4.79); P=
0.002; β=0.96].

Discussion
The pathological diagnosis of a solid pancreatic lesion is impor-
tant to ensure adequate management and optimize patient
prognosis [11, 13, 21]. In this large, multi-center study, we
compared EUS-FNA and EUS-FNB in many respects. Despite al-
lowing a higher number of cell-block evaluations, EUS-FNB was
comparable to EUS-FNA regarding accuracy, number of passes
required for ROSE and cell-block evaluation, and safety profile.
The addition of ROSE to EUS-FNA provided better accuracy as
compared to EUS-FNA alone and EUS-FNB; however, sensitivity
was not significantly different and EUS-FNB alone possessed a
better specificity. The addition of ROSE to EUS-FNB provided
even higher diagnostic yield suggesting that this may be help-
ful for select cases and those with prior failed diagnosis on EUS-
guided tissue sampling.

EUS-FNA of solid pancreatic lesions is a safe procedure, asso-
ciated with high diagnostic accuracy, usually above 85%, and

▶Table 3 Comparison between FNA and FNB based on EUS-tissue sampling access.

Transgastric access Total FNA FNB P value

Sensitivity 85.40%
(95% CI, 80.11 to 89.73)

84.29%
(95% CI, 73.62 to 91.89)

87.01%
(95% CI, 80.66 to 91.88)

0.546

Specificity 97.78%
(95% CI, 88.23 to 99.94)

100.00%
(95% CI, 81.47 to 100.00)

96.30%
(95% CI, 81.03 to 99.91)

0.977

Positive likelihood ratio 38.43
(95% CI, 5.53 to 267.11)

NA 23.49
(95% CI, 3.43 to 160.94)

NA

Negative likelihood ratio 0.15
(95% CI, 0.11 to 0.21)

0.16
(95% CI, 0.09 to 0.27)

0.13
(95% CI, 0.09 to 0.20)

0.951

Positive predictive value 99.48%
(95% CI, 96.52 to 99.93)

100.00% 99.26%
(95% CI, 95.14 to 99.89)

0.419

Negative predictive value 57.14%
(95% CI, 49.23 to 64.70)

62.07%
(95% CI, 48.75 to 73.79)

56.52%
(95% CI, 46.18 to 66.33)

0.387

Accuracy 87.45%
(95% CI, 82.91 to 91.15)

87.50%
(95% CI, 78.73 to 93.59)

88.40%
(95% CI, 82.81 to 92.67)

0.831

Transduodenal access

Sensitivity 89.12%
(95% CI, 84.471 to 92.77)

85.71%
(95% CI, 75.87 to 92.65)

90.74%
(95% CI, 85.19 to 94.72)

0.214

Specificity 96.97%
(95% CI, 84.24 to 99.92)

90.91%
(95% CI, 58.72 to 99.77)

100.00%
(95% CI, 84.56 to 100.00)

0.943

Positive likelihood ratio 29.41
(95% CI, 4.27 to 202.74)

9.43
(95% CI, 1.45 to 61.24)

NA NA

Negative likelihood ratio 0.11
(95% CI, 0.08 to 0.16)

0.16
(95% CI, 0.09 to 0.28)

0.09
(95% CI, 0.106 to 0.15)

0.482

Positive predictive value 99.53%
(95% CI, 96.87 to 99.93)

98.51%
(95% CI, 91.04 to 99.77)

100.00% 0.991

Negative predictive value 55.17%
(95% CI, 46.00 to 64.00)

47.62%
(95% CI, 33.77 to 61.84)

59.46%
(95% CI, 47.53 to 70.37)

0.902

Accuracy 90.07%
(95% CI, 85.89 to 93.36)

86.36%
(95% CI, 77.39 to 92.75)

91.85%
(95% CI, 86.91 to 95.37)

0.157

FNA, fine-needle aspiration; FNB, fine-needle biopsy; EUS, endoscopic ultrasound
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typically better when ROSE is available [6–8]. However, the di-
agnostic accuracy of EUS-FNA with cytology is insufficient to
verify cellular arrangement and tissue architecture. The limita-
tion in achieving diagnosis using EUS-FNA is the pauci-cellular
nature of the aspirate with a significant proportion of the col-
lected tissue being distorted or consumed during automated
processing and sectioning [17, 22]. Procurement of histological
samples that yield an adequate amount of tissue suitable for
IHC staining is pivotal for personalized management of some le-
sions, such as metastatic lesions or gastrointestinal stromal tu-
mors (GIST), and other uncommon lesions [12, 13, 21, 22]. In
our study, cell-block analysis was possible in 80.41% of patients
after FNA and in 93.42% after FNB (P<0.001). Our results are
similar to a previous systematic review and meta-analysis in-
cluding eight randomized controlled trials (RCTs) that compar-
ed these techniques [5].

In our study, technical success was reported in all patients,
similar to several studies evaluating FNB needles [3, 14, 23,

24]. These results demonstrate that FNB can be easily per-
formed in any location, unlike from the first generation FNB de-
vice (Tru-cut) [25]. Additionally, to confirm this finding we per-
formed a subgroup analysis based on route of tissue sampling.
We compared FNA and FNB performed via a transgastric and
transduodenal route and showed no difference in accuracy be-
tween the two needle types [transgastric (FNA: 87.50% versus
FNB: 88.40%; P=0.831) and transduodenal (FNA: 86.36% ver-
sus FNB: 91.85%; P=0.157)].

Most studies comparing FNA and FNB have demonstrated
that these methods are comparable in terms of diagnostic ac-
curacy, AEs, and technical success. However, FNB typically re-
quires fewer needle passes to achieve adequate sampling for
ROSE and cell-block [3, 5, 24, 26, 27]. A lower number of passes
may be translated into shorter procedure time, less risk of ad-
verse events, and more operational efficiency for both endos-
copy and cytopathology units. However, unlike most previous
studies, in our analysis, the number of passes required to

▶Table 4 Comparison between methods with and without ROSE.

Results FNA alone FNA with ROSE FNB alone FNB with ROSE

Sensitivity 70.83%
(95% CI, 55.94 to 83.05)

91.96%
(95% CI, 85.29 to 96.26)

87.44%
(95% CI, 82.26 to 91.56)

92.17%
(95% CI, 85.66 to 96.36)

Specificity 100.00%
(95% CI, 85.18 to 100)

90.00%
(95% CI, 55.50 to 99.75)

97.06%
(95% CI, 84.67 to 99.93)

100.00%
(95% CI, 79.41 to 100.00)

Positive Likelihood Ratio NA 9.20
(95% CI, 1.43 to 59.09)

29.73
(95% CI, 4.31 to 205.16)

NA

Negative Likelihood Ratio 0.29
(95% CI, 0.19 to 0.45)

0.09
(95% CI, 0.05 to 0.17)

0.13
(95% CI, 0.09 to 0.18)

0.08
(95% CI, 0.04 to 0.15)

Positive Predictive Value 100.00% 99.04%
(95% CI, 94.13 to 99.85)

99.47%
(95% CI, 96.46 to 99.92)

100.00%

Negative Predictive Value 62.16%
(95% CI, 51.39 to 71.86)

50.00%
(95% CI, 34.08 to 65.92)

55.00%
(95% CI, 46.09 to 63.60)

64.00%
(95% CI, 48.780 to 76.90)

Accuracy 80.28%
(95% CI, 69.14 to 88.78)

91.80%
(95% CI, 85.44 to 96.00)

80.72%
(95% CI, 84.16 to 92.40)

93.13%
(95% CI, 87.36 to 96.81)

FNA, fine-needle aspiration; FNB, fine-needle biopsy; ROSE, rapid one-site evaluation

▶Table 5 Statistical analyses between methods with and without ROSE.

FNA vs FNA+

ROSE

(Pvalue)

FNA vs FNB

(Pvalue)

FNA vs FNB+

ROSE

(Pvalue)

FNA+ROSE

vs FNB

(Pvalue)

FNA+ROSE

vs FNB+ROSE

(P value)

FNB vs FNB+

ROSE

(Pvalue)

Sensitivity < 0.001 <0.001 <0.001 0.193 0.951 0.161

Specificity 0.006 0.145 NA 0.004 <0.001 0.048

Positive Likelihood Ratio NA NA NA <0.001 NA NA

Negative Likelihood Ratio 0.741 0.770 0.717 0.916 0.978 0.890

Positive Predictive Value 0.409 0.547 NA 0.634 0.262 0.405

Negative Predictive Value 0.103 0.284 0.796 0.365 0.025 0.091

Accuracy 0.020 0.934 0.006 0.006 0.689 0.001

FNA, fine-need aspiration; ROSE, rapid on-site evaluation; FNB, fine-needle biopsy
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achieve sample for ROSE (FNA: 3.04±1.88, FNB: 3.06±1.62)
and cell-block (FNA: 3.35±2.02, FNB: 3.08±1.63) were similar
between both techniques (P>0.05).

The difference between our results and other studies may be
due to the fact that ROSE is not widely used at all institutions
included in this multi-center study. The fact that ROSE did not
result in a lower number of needle passes, may have contribut-
ed to the overall higher tissue yield in the ROSE group. In our
study, the majority of cases were performed without ROSE.
Similar to our study, Bang et al. also showed no significant dif-
ference in mean number of passes required to establish a diag-
nosis in a RCT [28]. Nevertheless, our study illustrated FNB en-
ables the diagnostic yield of more than 90% for cell-block as-
sessment (FNA: 80.41% vs FNB: 93.42%, P<0.001), showing
that this technique may eliminate the need for ROSE.

Uniquely, in our study we compared both types of needles
with and without ROSE. EUS-FNA with ROSE presented similar
sensitivity and lower specificity to EUS-FNB alone. Similar to
our results, a previous meta-analysis and additional retrospec-
tive study showed that EUS-FNB without ROSE provides a sim-
ilar diagnostic yield than EUS-FNA with ROSE [7, 29]. On sub-
group analyses, we demonstrated that FNB with ROSE further
increased the diagnostic yield (FNB with ROSE: 93.13% versus
FNB alone: 80.72%), suggesting this may be useful in difficult
cases, or in cases with failed diagnosis on prior EUS-tissue sam-
pling. A systematic review including 10 FNB with ROSE studies
and 13 FNB without ROSE studies did not show a significant dif-
ference between FNB with and without ROSE [30]. Presence of
tissue cores was 86% in both groups. Mean sensitivity and spe-
cificity were 96% and 100% for the FNB with ROSE groups
versus 86.6% and 100% in the FNB without ROSE group,
respectively. Diagnostic adequacy and diagnostic accuracy
were 86.5% and 85.5% for FNB with ROSE group versus 89,6%
and 86.1% for FNB without ROSE group. To better understand
the need for ROSE in FNB samples, a multi-center randomized
non-inferiority trial is currently underway (FROSENOR) [31].

Unlike in most studies available in the literature, we analyzed
the sensitivity, specificity, +LR, –LR, PPV, NPV, and accuracy of
EUS-FNA compared to EUS-FNB [3, 14, 23, 28, 32]. EUS-FNB had
a better sensitivity (89.09% versus 85.62%), specificity (98.04%
versus 89.55%), and accuracy (90.29% versus 87.50%) when
compared to EUS-FNA; however, no statistical significance was
found. Our results are similar to a prior RCT that evaluated the
sensitivity, specificity, and accuracy of EUS-FNA versus EUS-FNB
[4]. The sensitivity, specificity, and accuracy of FNA and FNB
was 98.2%, 100%, and 98.3% for FNA and 94.6%, 100%, and
94.8% for FNB. The similar diagnostic yield between both tech-
niques reported in our study is compatible with previous stud-
ies, including a systematic review and meta-analysis based on 8
RCTs [5].

These results may be related to the fact that both proce-
dures have a high accuracy rate, and thus an even larger num-
ber of patients would be necessary to prove superiority of FNB.
After these results, in an attempt to prove that FNB may be su-
perior to FNA, a large randomized trial, including 408 patients,
showed superiority favoring FNB. However, this study included
both pancreatic (n =249 patients) and non-pancreatic masses

(n =159 patients) [14]. Recently, another systematic review
and meta-analysis [2] based on 11 relatively small randomized
trials (three more studies than the previous meta-analysis [5])
showed that FNB was superior to FNA in sampling pancreatic
masses [2]. Due to these heterogeneous results, we believe
that more studies including a larger number of patients, such
as our study are warranted to define the best modality in sam-
pling pancreatic lesions.

Studies diverge on consideration of an inconclusive (non-di-
agnostic) result as benign or in exclude the result from the anal-
ysis. This fact is related to the heterogeneity of the previously
results published in the literature [4, 6, 14]. When excluding in-
conclusive results, an increase in accuracy is observed. In this a-
nalysis we choose to be more rigorous and considered incon-
clusive results as benign lesions. As expected from sampling di-
agnostic modalities, the specificity and PPV were high in both
techniques, showing that a positive result for a malignant le-
sion is very reliable. However, in both groups the sensitivity
and NPV were low, and thus a negative result cannot exclude a
neoplastic lesion. The +LR measures how well a test diagnosis
the lesion. The higher the +LR, the better the test performs in
identifying the precise diagnosis. The –LR of a test measures
how well the test performs in excluding the disease. The lower
the LR-, the better the test performs in excluding a disease. In
our analysis, EUS-FNA and EUS-FNB showed similar +LR and –LR.

In our study, we also performed a multivariate analysis to
find an association between several variables, including age,
gender, needle type, needle size, use of ROSE, and cell block as-
sessment on diagnostic accuracy. In our analysis, ROSE was the
only independent predictor for better accuracy with an OR of
2.60.Different from our study, in a multivariable logistic re-
gression of a series including both pancreatic and non-pancre-
atic solid lesions, FNB and lesion size were associated with the
need to perform only one pass to achieve onsite diagnostic ade-
quacy and were associated with procurement of diagnostically
adequate histological specimens for offsite assessment [22].

The safety of EUS-tissue sampling is well established and few
AEs are encountered in the literature. Severe adverse events are
especially rare [6, 23, 28, 33]. The safety profile of FNB was
comparable to that of FNA, with only one AE encountered in
the entire cohort – though this resulted in the patient’s death.
The AE occurred after an FNB procedure for suspected neuroen-
docrine tumor with active acute pancreatitis, which is a contra-
indication for the procedure. After the procedure, the patient
clinically deteriorated, and passed away. We believe that this
AE was not directly related to FNB as a technique, with any tis-
sue sampling technique possessing the potential to cause this
AE. Therefore, we do not recommend EUS-tissue sampling in
patients with acute pancreatitis. No other AEs were reported.
In the literature, several studies showed no AEs related to EUS-
FNA or EUS-FNB in the diagnosis of solid pancreatic lesions [3,
11, 14].

Despite being the largest study to date to exclusively evalu-
ate solid pancreatic lesions, we recognize there are some lim-
itations to our study. This was a retrospective study with the in-
herent limitations expected with such a design, including po-
tential selection bias, lack of randomization, and loss-to-fol-
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low-up.Although none of the patients with benign disease
demonstrated disease progression at follow-up, we could not
obtain further tissue results for ethical concerns. In addition,
we included different needles sizes for FNA and FNB groups.
However, a meta-analysis including just RCT did not show sig-
nificant difference between different needles sizes [8]. We did
not evaluate the needles regarding the various types of pancre-
atic masses. However, several studies have shown that FNB is
associated with better results compared to FNA in several types
of pancreatic lesions. Elhanafi et al showed that FNB should be
considered when pancreatic adenocarcinoma genotyping is re-
quested, especially for tumors smaller than 3 cm located in the
head/neck of the pancreas [34]. In a retrospective study includ-
ing 91 patients over a 13-year period evaluating FNA and FNB in
neuroendocrine pancreatic tumors, FNB was found to improve
diagnostic sensitivity and conferred additional information to
cytological assessment [35]. In a RCT evaluating FNB needles
in the diagnosis of type 1 auto-immune pancreatitis including
110 patients, the authors found that 36 patients could not be
diagnosed with type 1 auto-immune pancreatitis without FNB
results [36]. Procedural costs were not compared between the
two cohorts in our study. However, recently a randomized trial
showed that the strategy of EUS-FNB was cost saving compared
to EUS-FNA over a wide range of cost and outcome probabilities
[30].

Conclusion
In summary, EUS-FNB allowed for more consistent cell-block
evaluation as compared to EUS-FNA, with similar number of
passes required to achieve adequate sample. EUS-FNA with
ROSE was found to have a similar sensitivity to EUS-FNB alone.
Therefore, the similar sensitivity of EUS-FNA with ROSE compar-
ed to FNB alone suggests a reduced need for ROSE as part of the
standard algorithm of pancreatic sampling. While FNB alone
produced similar diagnostic findings to EUS-FNA with ROSE,
FNB with ROSE still was noted to increase diagnostic yield. This
finding may favor a unique role for ROSE, suggesting it may be
useful in cases where previous EUS-guided sampling may have
been indeterminate.
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