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Abstract: Background: The inconclusive cytological findings of endoscopic ultrasound-guided fine
needle aspiration (EUS-FNA) remain a major clinical challenge and often lead to treatment delays.
Methods: Patients who had undergone EUS-FNA sampling for solid pancreas lesions between
2014 and 2021 were retrospectively enrolled. The “atypical” and “non-diagnostic” categories of the
Papanicolaou Society of Cytopathology System were considered inconclusive and the “negative
for malignancy” category of malignancy was suspected clinically. We determined the frequency
and predictors of inconclusive cytological finding. Results: A total of 473 first EUS-FNA samples
were included, of which 108 cases (22.83%) were inconclusive. Significant increases in the odds of
inconclusive cytological findings were observed for lesions with a benign final diagnosis (OR 11.20;
95% CI 6.56-19.54, p < 0.001) as well as with the use of 25 G FNA needles (OR 2.12; 95% CI 1.09-4.01,
p = 0.023) compared to 22 G needles. Furthermore, the use of a single EUS-FNA technique compared
to the combined use of slow-pull and standard suction techniques (OR 1.70; 95% CI 1.06-2.70,
p = 0.027) and less than three punctures per procedure led to an elevation in the risk of inconclusive
cytology (OR 2.49; 95% CI 1.49-4.14, p < 0.001). Risk reduction in inconclusive cytology findings
was observed in lesions between 2—4 cm (OR 0.40; 95% CI 0.23-0.68, p = 0.001) and >4 cm (OR 0.16;
95% CI0.08-0.31, p < 0.001) compared to lesions <2 cm. Conclusions: The more than two punctures
per EUS-FNA sampling with larger-diameter needle (19 G or 22 G) using the slow-pull and standard
suction techniques in combination may decrease the probability of inconclusive cytological findings.

Keywords: EUS-FNA; pancreatic cancer; risk of malignancy; inconclusive cytology

1. Introduction

Endoscopic ultrasound (EUS) has recently become a key modality in the identification
of solid pancreatic lesions and in the distinction of their benign and malignant origin;
furthermore, it facilitates the therapeutic decision-making in terms of the precise staging
and determination of resectability. The guideline of the European Society of Gastrointestinal
Endoscopy (ESGE) recommends EUS-guided fine needle aspiration (FNA) as a first-line
sampling technique for suspected solid pancreatic neoplasms [1,2]. Numerous clinical trials
and meta-analyses have demonstrated the efficacy and safety of this procedure, but the
inconclusive (low cellularity or the presence of atypical cells of undetermined significance
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due to technical problems, bloodiness or other artifacts of the smears) cytological results still
remain a major challenge in daily practice, since they do not allow a definitive differential
diagnosis between benign or malignant condition [3-6]. In this situation, the re-evaluation
of the pathology slides and surgery may also be considered in addition to repeated EUS-
FNA sampling [1,7]. Nevertheless, inconclusive cytology often leads to delays in treatment
and increases the burden of the patients and the medical costs due to repeated interventions.

The ideal solution to this problem would be to reduce the proportion of EUS-FNA
samples with inconclusive results as much as possible. Therefore, the aim of our retrospec-
tive study was to assess the frequency and examination- and patient-related risk factors of
these findings, as well as the clinical outcome of patients after the EUS-FNA sampling of
solid pancreatic lesions regarding risk of malignancy.

2. Materials and Methods
2.1. Patient Enrollment and Determination of Subgroups

This is a retrospective, single-center cohort study which was carried out in one of
the Hungarian tertiary-level referral gastroenterology centers in cooperation with the
pathology department. The MedSolution hospital information system was used to collect
the medical documentation of patients. All consecutive patients were enrolled between
January 2014 and December 2021 who underwent EUS-FNA sampling for solid pancreatic
lesions. The patients were divided into two subgroups based on the diagnostic value
of the obtained EUS-FNA samples: subgroups of conclusive and inconclusive cytology.
We considered inconclusive those cytological results which did not help to establish a
definitive diagnosis or to reliably differentiate between the benign or malignant origin of
the lesion. For the objective definition of these cases, we used the Papanicolaou Society
of Cytopathology System for Reporting Pancreaticobiliary Cytology (PSC system), which
facilitates interpretation of the findings by providing information on the evaluability of the
sample and the certainty of the malignant diagnosis [8]. All cytology cases classified in
the “non-diagnostic” (I) and “atypical” (III) categories of the PSC system were included in
the group of inconclusive cases, regardless of the nature (benign or malignant) of the solid
pancreatic lesion suggested by the EUS image. Furthermore, selected cases of the “negative
for malignancy” (II) category were also added to this group if malignancy was suspected
based on the EUS image due to the necessity for further diagnostic steps for validation of
the diagnosis. The “neoplastic: benign” (IVa), “neoplastic: other” (IVb), and “malignant”
(VI) categories of the PSC system were classified into the conclusive cytology subgroup, as
well as the “suspicious for malignancy” (V) category, due to its high risk of malignancy
(ROM) in an appropriate clinical setting [9,10].

2.2. Objectives of the Study and Clinical Validation of Cytological Findings

Two different primary objectives and one secondary objective were established in our
study. Primary objectives were:

(1) To determine the frequency and predictors of inconclusive cytological finding of the
first pancreatic EUS-FNA sampling;
(2) To determine the outcome of disease in patients with inconclusive cytology results.

The secondary objective was the identification of clinical factors that influence the
ROM of EUS-FNA sampling. These were determined in relation to patients irrespective of
the number of EUS-FNA samplings performed during the study period. In assessing the
predictors for the inconclusive cytological results, only the characteristics of the first EUS-
FNA sample of the patient were evaluated to avoid possible bias due to the repetition of
cases/factors. The predictors were identified by assessing the effect of patient-related (age,
gender, location, and size of lesion, benign, or malignant final diagnosis) and procedure-
related factors (investigator, size of needle, number of punctures per procedure, biliary
stent placement prior sampling, diagnosis based on EUS image) on the two outcomes.

The ROM was determined based on the final diagnosis given at the end of patients’
follow-ups, which was made in one of the following modalities: (i) conclusive repeated
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biopsy finding which could be obtained by repeated EUS-FNA, US-guided transabdominal
biopsy, endoscopic biopsy of tumor invading the upper gastrointestinal tract, etc., (ii) surgi-
cal intervention (macroscopic morphology and/or histological examination); (iii) autopsy
finding; and (iv) clinical course of the disease (in malignant cases—tumor progression
or metastasis formation; in cases of inflammation—regression by imaging modalities or
response to treatment, etc.). The clinical course of the disease was assessed after a follow-up
of at least one month, except for those patients who had a clearly tumor-related death
within less than one month due to rapid cancer progression (although no autopsy was
performed). The ROM was defined by the number of malignant cases divided by total
number of cases within each category of clinical predictors. The efficacy data of EUS-FNA
examinations were determined by the comparing the cytological findings with the final
diagnosis. False-positive cases were defined as benign lesions which were incorrectly
diagnosed by cytology as malignant. Similarly, all cases were considered false-negatives
if a malignant neoplasm was incorrectly diagnosed by cytology as benign. Inconclusive
“non-diagnostic” (I) and “atypical” (III) categories were considered as the absence of malig-
nancy, so they were classified as a true-negative in the case of a benign final diagnosis and
a false-negative in malignant cases.

2.3. EUS-FNA Procedure and Pathological Evaluation

EUS-FNA samplings were performed by two experienced endoscopists (Z2.5z. or
L. Cz.) using linear echoendoscope (Olympus GE-UCT 140; Olympus GF-UCT 160; Olym-
pus Optical, Tokyo, Japan) and 19 G, 22 G, and 25 G FNA needles (Echotip Ultra; Cook
Ireland Ltd., Limerick, Ireland; EZ Shot 2 and 3, Olympus Optical, Tokyo, Japan). The
punctures were performed using 5 or 10 mL continuous standard suction (SS) and/or
slow-pull (SP) techniques with the same needle during approximately 7-10 back-and-forth
movements performed in a fanning manner under continuous ultrasound control. The
number of punctures, the suction force, and the size of the needle were not uniform, and
depended on the endoscopist’s preference and the characteristics of the lesion due to the
retrospective nature of the study. The obtained material from the needle was pushed on the
slides with the reinsertion of the stylet, from which the grossly visible coherent pieces of
tissue were removed and placed in a tube filled with 10% buffered formalin (formalin-fixed,
paraffin-embedded (FFPE) cell blocks) without macroscopic on-site evaluation (MOSE). The
direct smears were made from the remaining specimen and fixed in 96% methanol for at
least 10 min. Samples were prepared by EUS nurses or by the gastroenterologists assisting
the endosonographer. Rapid on-site evaluation (ROSE) was unavailable. All cytological
smears and FFPE were stained by hematoxylin-eosin (HE); immunocytochemistry was
performed in most FFPE tissues and in select cases on smears with high cellularity.

2.4. Ethics Approval and Consent to Participate

This study was approved by the Regional and Institutional Human Medical Biological
Research Ethics Committee of the University of Szeged, Hungary (ethics approval number:
3680/2015 SZTE). All the included patients have signed an informed consent form for
the scientific use of their medical data. The study was carried out in accordance with the
Declaration of Helsinki.

2.5. Statistical Analysis

Statistical analysis was performed with R statistical software version 3.6.0 (R Founda-
tion, Vienna, Austria) and with SPSS software version 28 (SPSS Inc., Chicago, IL, USA); p
values of less than 0.05 were considered significant. Descriptive statistics were expressed
as means and medians with ranges. Logistic regression model, Pearson Chi-squared, and
Fisher’s exact tests were applied to identify the clinical factors that can modify the incidence
of inconclusive cytology and that can influence the ROM of pancreatic lesions.
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3. Results
3.1. Characteristics of Patients and EUS-FNA Samplings

A total of 473 patients with solid pancreatic lesion were enrolled who had undergone
521 EUS-FNA examinations during the study period: in forty-four cases two samplings and
in two cases three samplings were performed. For each patient, we assessed the outcome
data from the first sampling. (Figure 1) Based on the EUS image, the endoscopist presumed
the lesion was malignant in 419 cases (88.58%) and benign in 55 cases (11.63%). Most
lesions were localized to the pancreatic head and uncinate process (1 = 322, 68.08%) with a
mean diameter of 33.83 £ 14.18 mm (range 5-90 mm, median 30 mm). (Table 1) Cytological
examination confirmed a definite neoplastic etiology (“malignant” (VI), “suspicious for
malignancy” (V), and “neoplastic: other” (IVb) categories) in 340 cases (71.88%) and only
33 samples (6.98%) were classified as being in the “negative for malignancy” (II) category of
the PSC system. There were no cases classified as “neoplastic: benign” (IVa) in the study co-
hort. In contrast, at the end of the mean follow-up of 13.77 months (range 0.1-106.4 months,
median 5.67 months), the rate of neoplastic lesions was lower, namely 83.51%, of which
392 cases (82.88%) were malignant and 3 cases (0.63%) were neoplastic benign. The final
diagnosis was validated histologically in 185 cases (39.11%), while in 288 patients (60.89%)
the diagnosis was confirmed by the clinical course of the disease with a mean follow-
up period of 10.54 months (range 0.1-106.4 months, median 2.0 months). The histologic
specimens included 45 small biopsy samples with EUS-FNA or other modalities (24.32%),
107 surgical excision or resection specimens (57.84%), and 33 autopsy samples (17.84%). The
sensitivity, specificity, and diagnostic accuracy of patients’ first EUS-FNA sampling were
85.43%, 100.00%, and 87.74%, respectively, which increased to 89.92%, 100.00%, and 91.54%
by repeated EUS-FNA of non-diagnostic cases. (Figure 2) In 36 out of 46 cases, repeated
EUS-ENA sampling was sufficient to establish the diagnosis. EUS-FNA sampling-related
complications were recorded in five cases, which included one case of iatrogenic duodenal
perforation, one case of gastrointestinal bleeding, one case of acute pancreatitis, and two
cases of asymptomatic amylase elevation. Errors in the cytological diagnosis were identified
in five cases. Two ductal adenocarcinomas were incorrectly diagnosed as neuroendocrine
tumors (NET), while in two cases, severe reactive abnormalities accompanying chronic
pancreatitis complicated by acute inflammation were falsely interpreted as malignancies.
Furthermore, one adenocarcinoma was initially reported as low-grade intraductal papillary
mucinous neoplasm (IPMN) due to presumable peritumoral sampling.

Table 1. Clinical characteristics of patients and EUS-FNA examinations (1 = 473).

Characteristics of Patients Characteristics of EUS-FNAs
Male/female 229/244 Examiners A/B: 348/125
66.63 1 11.81 Mean number of puncture per
Age (year) (18-95; median: 68) examination 3444107

Mean size of lesion

Number of puncture per

(mm) 3383+ 14.18 examination
Size of lesion <2 punctures 90 (53.93%)
<20 mm 76 (16.07%) 3—4 punctures 311 (14.78%)
20-40 mm 257 (54.33%) >4 punctures 72 (19.19%)
>40 mm 140 (29.60%)
gz?:irr:;?;l;er of smear pairs per 211+ 1.01
Location of lesion
head 255 (53.91%)
uncinate process 67 (14.16%) Sampling technique
body 90 (19.03%) only slow-pull (SP) 73 (15.43%)
tail 60 (12.68%) only standard suction (SS) 46 (9.73%)
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Table 1. Cont.

Characteristics of Patients

Characteristics of EUS-FNAs

diffuse 1(0.21%) both SP and SS 354 (74.84%)
Histology of lesion
Ductal adenocarcinoma 352 (74.42%) Size of EUS needle
Primary bile duct carcinoma 2 (0.42%) 19G 33 (6.98%)
Solid pseudopapillary npl. 3 (0.63%) 22G 395 (83.51%)
Well-differentiated NET 15 (3.17%) 25G 45 (9.51%)
Neuroendocrine carcinoma 3 (0.63%)
Low-grade IPMN 1(0.21%) Biliary stent 129 (27.27%)
High grade IPMN (clinical 2 (0.42%) Type of lesion based on EUS
suspicion of malignancy) image
Myxofibrosarcoma 1(0.21%) benign 54 (11.42%)
Hematolymphoid tumor 2 (0.42%) malignant 419 (88.58%)
Metastatic carcinoma 15 (3.17%) g;lsttoel rcr)lgical finding based on PSC
Ancient schwannoma 1(0.21%) “non-diagnostic” 72 (15.22%)
Serous cystadenoma 1(0.21%) “benign” 33 (6.97%)
Intrapancreatic spleen 1(0.21%) “atypical” 28 (5.92%)
Acute necrosing pancreatitis 12 (2.54%) “neoplastic: other” 19 (4.02%)
Autoimmune pancreatitis 4 (0.85%)

“suspicious for alignancy”

Chronic pancreatitis

31 (6.55%)

31 (6.55%)

Histologically unverified focal

lesion disappeared during 27 (5.71%) “malignant” 290 (61.31%)
follow-up
EUS-FNA examinations
N=952
i ————— » Extrapancrecdtic lesion and peancreatic cyst: N =431

EUS-FNA of solid pancreatic lesion
N=521

& ----- » Re-EUS-FNA gfter inconclisive

First EUS-FNA sampling of patient
N =473

/\

cytology: N=48

Suspected benign Suspected malignant
lesion lesion
N=54 N=419
. e "neoplastic: other” (PIVB): N=18
. ) .ﬁemgnn (PII). N ~ Ve > “suspicious for malignancy” (PV): N=31
neoplastic: other” (PIVb): N=1 “malignant” (PVI): N=290

Inconclusive cytology Inconclusive cytology

N=28 N=2380

“non diagnostic” (PI); N = :
“atypical” (PII): N =6 “benign” (PII): N =8

“atypical” (PII): N = 22

Figure 1. Patient enrollment in the study.

22 “nomndiagnostic” (PI): N = 50
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Efficacy of EUS-FNA sampling

100% 100% 100% 100%

549
87.74% 91.54%

65.52%
56.39%

SENSITIVITY  SPECIFICITY NPV PPV ACCURACY

® First EUS-FNA sampling By repeated EUS-FNA

Figure 2. Efficacy of the EUS-FNA sampling of solid pancreatic lesions.

3.2. Frequency and Predictors of Inconclusive Cytological Findings

The first EUS-FNA sampling of patients provided inconclusive results in 108 cases
(22.83%), but there was no substantial fluctuation in the proportion of these cases over the
study period. This rate varied between 16.67% and 25.58% over the years. Two examiners
performed EUS-FNA sampling at our institute for whom there was no significant difference
in the efficacy of sampling and in the proportion of inconclusive cases (21.26% vs. 27.20%,
p = 0.176). (Table 2) Inconclusive samples were obtained more frequently for lesions smaller
than 2 cm (43.42%) compared to lesions between 2—4 cm (23.35%, p = 0.001) and larger than
4 cm (10.71%, p < 0.001).

Table 2. Predictors of inconclusive cytological findings (univariable analysis).

Conclusive Inconclusive Odds Ratio Val
n = 365 n =108 (95% CI) p value

Examiner

ExA 274 (78.74%) 74 (21.26%)

ExB 91 (72.80%) 34 (27.20%) 1.38 (0.86-2.20) 0.176
Location of lesion

Head 188 (73.73%) 69 (27.06%)

Uncinate process 50 (74.63%) 17 (25.37%) 0.92 (0.48-1.67) 0.781

Body 72 (80.00%) 18 (20.00%) 0.67 (0.37-1.19) 0.187

Tail 56 (93.33%) 4 (6.67%) 0.19 (0.06-0.49) 0.002
Size of lesion

<20 mm 43 (56.58%) 33 (43.42%)

2040 mm 197 (76.65%) 60 (23.35%) 0.40 (0.23-0.68) 0.001

>40 mm 125 (89.29%) 15 (10.71%) 0.16 (0.08-0.31) <0.001
Size of needle

19G 30 (90.91%) 3 (9.09%) 0.35 (0.08-1.01) 0.088

22G 307 (77.72%) 88 (22.28%)

25G 28 (62.22%) 17 (37.78%) 2.12 (1.09-4.01) 0.023
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Table 2. Cont.

Conclusive Inconclusive Odds Ratio Value
n =365 n =108 (95% CI) p
Sampling technique

Both SP and SS 50 (68.49%) 72 (20.34%)

SP or SS alone 33 (71.74%) 36 (30.25%) 1.70 (1.06-2.70) 0.027
Slow-pull (SP) 83 (69.75%) 23 (31.51%) 1.80 (1.02-3.12) 0.038
Standard suction (SS) 282 (79.66%) 13 (28.26%) 1.54 (0.75-3.02) 0.219

Number of punctures per procedure

<2 punctures 56 (62.22%) 34 (37.78%) 2.49 (1.49-4.14) <0.001

3—4 punctures 250 (80.39%) 61 (19.61%)

>4 punctures 59 (81.94%) 13 (18.06%) 0.90 (0.45-1.71) 0.763

Type of sample
Only direct smears 28 (73.68%) 10 (26.32%) 1.23 (0.55-2.54) 0.594
Direct smears and FFPE 337 (77.47%) 98 (22.53%)
Origin of lesion
Benign 27 (34.62%) 51 (65.38%) 11.20 (6.56-19.54) <0.001
Malignant 338 (85.57%) 57 (14.43%)
EUS morphology
Malignant 339 (80.91%) 80 (19.09%)
Benign 26 (48.15%) 28 (51.85%) 4.56 (2.54-8.25) <0.001
Presence of biliary stent

Absence 256 (77.58%) 74 (22.42%)

Presence 109 (76.22%) 34 (23.78%) 1.08 (0.67-1.71) 0.748
Plastic stent 83 (74.11%) 29 (25.89%) 1.21 (0.73-1.97) 0.453
Metal stent 26 (83.87%) 5 (16.13%) 0.67 (0.22-1.66) 0.720

The use of the 19 G needle proved to be the most advantageous, but the difference
compared to 22 G needles was not statistically significant (OR 0.35, 95% CI [0.08-1.01],
p = 0.088). In contrast, the use of 25 G needles was associated with substantially higher
odds of inconclusive findings (OR 2.12, 95% CI [1.09-4.01], p = 0.023). The combined use
of SP and SS techniques within a single EUS-FNA intervention reduced the proportion
(20.34%) and risk (OR 1.70, 95% CI [1.06-2.70], p = 0.027) of inconclusive cytology findings
compared to the use of a single technique (30.25%). When comparing each technique using
the combined method, a significant difference was detectable only in the case of SP (31.51%;
OR 1.80, 95% CI [1.02-3.12], p = 0.038). The use of three to four punctures per examination
seems to be the most advantageous. Increasing the number of punctures did not reduce
the risk of inconclusive findings (OR 0.90, 95% CI [0.45-1.71], p = 0.763). However, fewer
than three punctures elevated the risk of inconclusive results (OR 2.49, 95% CI [1.49-4.14],
p < 0.001). The mean number of smears obtained per puncture had no influence on the
rate of inconclusive results (p = 0.674). Furthermore, in our cohort, without the use of
MOSE, EUS-FNAs that resulted in both direct smears and FFPE were not associated with a
reduction in the rate of inconclusive cytology compared to samplings resulting in direct
smears only (26.32% vs. 22.53%, p = 0.594). The presence of a biliary stent did not increase
the risk of inconclusive results (OR 1.08, 95% CI [0.67-1.71], p = 0.748). The rate of successful
EUS-FNA sampling was higher after metal stent implantation (absence of stent: 77.58%,
plastic stent: 74.11%, metal stent: 83.87%), but the difference was not statistically significant
(p = 0.420).

The inconclusive results showed the strongest correlation with benign origin of the
lesion determined by the end of follow-up, where their rate was 65.38% compared to 14.43%
as seen in malignant cases (OR 11.20 CI 95% [6.56-19.54], p < 0.001). This may also be due to
the high rate of non-evaluable, particularly bloody, or cell-poor smears (“non-diagnostic” I)
obtained when sampling benign lesions, significantly more often than in malignant lesions
(47.44% vs. 8.86%, p < 0.0001). Further reason for this may be that the smears with intact
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acinar cells or mild inflammatory abnormalities (“benign” II) may raise the possibility of
peritumoral sampling if cross-sectional imaging and/or EUS images suggest suspicion of
malignancy. When examining the effect of localization on the diagnostic value of sampling,
we found that abnormalities in the pancreatic tail were associated with a remarkably low
rate of inconclusive cases (6.67%) compared to other localizations (head 27.06%, uncinate
process 25.37%, and body 20.00%, respectively).

Multivariate analysis confirmed the influence of four predictors on inconclusive find-
ings: pancreas tail localization (OR 0.13 CI 95% [0.03-0.42], p = 0.002), lesion size greater
than 4 cm (OR 0.24 CI 95% [0.10-0.54], p = 0.001), and malignant EUS morphology (OR 0.11
CI95% [0.02-0.38], p = 0.002) were associated with a decrease in risk, whereas the benign
origin of the lesion (OR 56.97 CI 95% [17.40-272.78], p < 0.001) led to an increase in risk.

3.3. Outcome Patients with Inconclusive Cytology Results

At the end of the follow-up period, 57 cases (52.78%) in the inconclusive subgroup were
found to be malignant. The final diagnosis was based on a histopathological examination
(repeated EUS-FNA n = 7; transabdominal US-guided biopsy n = 19, surgical sample
n = 24; autopsy n = 7) in 57 cases (52.78%), while in the remaining 51 cases (47.22%) it
was determined by the clinical course of the disease during a mean follow-up period of
20.50 months (range 0.23-106.4 months, median 8.92 months). In 25 of these patients, the
endosonographic image was suggestive for benign disease and no lesion was detected
during the follow-up EUS examination, requiring repeated sampling. These histologically
unidentified benign lesions were chronic pancreatitis (n = 12), acute necrotizing pancreatitis
(n = 3), and autoimmune pancreatitis (1 = 1), furthermore, in nine cases, disappearance of
the lesion was noted using cross-sectional imaging and/or EUS during follow-up. In 13 of
the 26 cases, when the endosonographic morphology was suspicious for malignancy, benign
disease was presumed based on the results of the cross-sectional imaging and/or repeated
EUS examination (focal lesion disappeared during follow-up n = 7; chronic pancreatitis
n = 3; acute necrosing pancreatitis # = 2; pseudocyst n = 1). The re-biopsy of 13 patients with
a rapidly progressive underlying disease and deteriorating general condition was waived
due to lack of clinical relevance, because they were no longer suitable for oncological
treatment or refused it.

3.4. Clinical Factors Influencing the ROM

In the study cohort, the overall ROM of the EUS-FNA was 83.51% regardless of the
EUS diagnosis which warranted the FNA sampling. The ROM for females and males was
88.11% and 78.60% (p = 0.006), while for the age groups below 60 years, between 60 and
75 years, and over 75 years, the risk was 73.08%, 86.87%, and 85.45%, respectively. The mean
age of the patients with a malignant final diagnosis was significantly higher compared
to patients with a benign diagnosis (67.4 4= 10.9 years vs. 62.4 £ 15.1 years, p = 0.001).
Lesion size had a significant correlation (p < 0.001) with ROM because the abnormalities
smaller than 2 cm were more often benign (39.47%) compared to lesions between 2—4 cm
(13.62%) and larger than 4 cm (9.29%). (Table 3) Elevated CA19-9 (>27 U/mL) and CEA
(>4.7 ng/mL) values above normal were also found more frequently in malignant cases
(89.55% and 91.18%, p < 0.001). The “non-diagnostic” (I) category showed no difference in
the proportion of benign and malignant lesions at the end of follow-up (48.61% vs. 51.39%),
whereas the “atypical” (III) category had a high ROM of 75.00%. The inconclusive subgroup
included only those cytological specimens in the “negative for malignancy” (II) category,
in which malignancy was suspected based on EUS imaging; nevertheless, by the end of
follow-up malignancy was confirmed in only 11.11% of cases. These values were even more
pronounced when the entire study population was evaluated: the ROM for the “negative
for malignancy” categories was 3.03%. Within the inconclusive subgroup, only one case
judged to be benign using the EUS image had a final diagnosis of benign (ROM 3.57%),
whereas the ROM for the EUS image suggestive of malignancy was 70.00%. These values
were also slightly more explicit when we evaluated the entire population: ROM in benign



Diagnostics 2023, 13, 2841

9o0f 16

EUS morphology was 3.70% compared to 93.79% for the ROM seen in malignant EUS
images (p < 0.001).

Table 3. Risk of malignancy (ROM) in patients with solid pancreatic lesion (univariable analysis).
(* Limitation: data on CA19-9 and CEA were only available in 57.08% and 49.89% of patients,
respectively).

A'111=C:7s: s Risk of Malignancy O(C;g;) R(?It)l ° p Value
Gender
Female 88.11% 2.02 (1.23-3.36) 0.006
Male 78.60%
Size of lesion
<20 mm 60.53%
20-40 mm 86.38% 4.14 (2.31-7.42) <0.001
>40 mm 90.71% 6.37 (3.12-13.65) <0.001
PSC category
“non-diagnostic” (PI) 48.61%
“negative for malignancy” (PII) 3.03% 0.03 (0.00-0.17) 0.001
“atypical” (PIII) 75.00% 3.17 (1.25-8.90) 0.020
EUS morphology
benign 3.70% 0.03 (0.00-0.01) <0.001
malignant 93.79%
Tumor markers *
CA19-9 (n = 270) 5.75(2.99-11.22) <0.001
CA19-9 elevation 89.55%
CA19-9 normal 59.42%
CEA (n=236) 3.94 (1.88-9.11) 0.001
CEA elevation 91.18%
CEA normal 72.39%

In the subgroup of inconclusive cytological findings, coexistence of the identified
predictors leads to a further increase in ROM, so, in the “atypical” (III) category, for lesions
with malignant EUS morphology larger than 2 cm, the ROM achieved WAS 94.74%. In
contrast, in the “non-diagnostic” (I) and “negative for malignancy” (II) categories, the ROM
for lesions smaller than 2 cm was only 25.93%, which decreased further for CA19-9 in the
normal range (ROM 0.00%) and for benign EUS morphology (ROM 0.00%).

4. Discussion

In our study, we retrospectively reviewed the data of EUS-FNA samplings in our
tertiary-level referral gastroenterology center to provide guidance for the interpretation
of inconclusive cytological findings and to help further therapeutic decision-making. The
advantage of our study is that it was carried out in close collaboration with experienced
cytologists in the department of pathology and the PSC classification system for solid pan-
creatic tumors was routinely applied during the study period to facilitate interdisciplinary
communication. EUS-FNA sampling was performed by one of the two endosonographers
and the cytological samples were assessed by at least one of the three experienced pathol-
ogists, and in challenging cases by two of them. The small number and similar level of
expertise of doctors involved in the evaluation allowed for the elimination of interobserver
variability. The greatest limitation of our study is its single-center retrospective cohort
nature, which resulted in the restricted availability of clinical data on patients’ symptoms
(abdominal pain, jaundice, weight loss, etc.), and tumor marker findings (CEA, CA19-9,
CgA). The gastroenterological evaluation of pancreatic lesions and EUS-FNA samplings
were performed at our institute as a tertiary-level referral medical center, however, the
patients’ follow-up was frequently performed in primary- or secondary-level medical insti-
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tutions, which limited the availability of these data. Additionally, confirmatory cytological
and/or histological sampling was performed in only a small number of patients, so the
definitive diagnosis was determined mainly based on the behavior of the disease during
follow-up.

The diagnostic accuracy achieved in our study is consistent with the results published
in international studies and high-quality meta-analyses, with a pooled sensitivity of 84-89%
and a specificity of 96-99% [3,11,12]. However, the diagnostic efficacy of the method for
solid nodules in chronic pancreatitis are significantly lower: sensitivity 65% (52.6-75.6%)
and specificity 96.8% (75-99.7%), respectively [13]. Despite the convincing data, the NPV of
EUS-FNA for suspected pancreatic tumors is considered low, and in our study it was also
barely above 50%; furthermore, the inconclusive (atypical cells, suspicious for malignancy),
negative for malignancy, or nondiagnostic results do not allow the definitive diagnosis of
the benign conditions. In this situation, further cross-sectional imaging, another sampling,
or even surgery may be necessary to shorten the diagnostic delay. Our data also show that
repeated EUS-FNA sampling substantially increases the diagnostic accuracy of EUS-FNA
from 87.74% to 91.54%. This is consistent with the meta-analysis published in 2020 by
Lisotti et al. which also demonstrated that repeated EUS-FNA for the diagnosis of solid
pancreatic masses in cases of a previous nondiagnostic or inconclusive result is an effective
diagnostic tool, with 77% (66-86%) sensitivity, 98% (78-100%) specificity, 99% (98-100%)
PPV, and 61% (60-63%) NPV [14]. The additive benefit of rapid onsite evaluation (ROSE)
was also shown by a significant increase in sensitivity (85% vs. 65%) and a reduction in the
number needed to diagnose (1.2 vs. 1.7). The need for ROSE is not yet discussed in detail in
the ESGE guidelines, and there is conflicting evidence in the scientific literature [1,2,15-18].
However, recent studies have emphasized its benefits in terms of both diagnostic yield and
cost-effectiveness [19-21]. Furthermore, a multicenter retrospective study by de Moura et al.
concluded that FNB alone produces a similar diagnostic yield compared to EUS-FNA with
ROSE. Therefore, FNB may be useful in cases where the results of previous EUS-guided
sampling were indeterminate [22]. An alternative solution is the use of self-ROSE, where a
specimen’s adequacy is immediately assessed by a trained endoscopist [23]. In our study,
only EUS-FNA samplings were evaluated, excluding EUS-FNB samplings, but ROSE was
not available, and we have no experience with the self-ROSE technique.

In our study, larger needle diameters were associated with a decrease in the rate of
inconclusive cytological findings. This contradicts the results of a meta-analysis published
in 2019, in which no significant difference was observed between the 22 G and 25 G needles
used during EUS-FNA in the diagnosis of solid pancreatic lesions based on randomized
trials [24]. Although most retrospective cohort studies have shown no difference in the
efficacy of conventional needles of 19 G, 22 G, and 25 G diameter, in recent years, data
from several clinical trials have been published that found the inferiority of conventional
needles compared to new types of FNA and FNB needles. The recently developed Franseen
needles were superior to EUS-guided sampling with a conventional needle with respect
to diagnostic accuracy, particularly in patients who required immunostaining [25]. The
novel fork-tip FNB needles were also found to be superior to FNA needles in term of
proportion graded as a straightforward diagnosis (69% vs. 51%) and median pathology
viewing time (188 vs. 332 s; p < 0.001) [26]. These two FNB needle types achieved the
highest degree of cellularity in a single biopsy, with a diagnostic accuracy greater than
90% [27]. Furthermore, the FNB needles also outperformed FNA needles in the sampling of
pancreatic and nonpancreatic lesions in terms of diagnostic accuracy (87% vs. 80%, p = 0.02)
and tissue core rate (80% vs. 62%, p = 0.002) [28].

In addition to the type of needle applied, the technique of EUS-FNA sampling may also
influence the outcome of the sampling. In our study, the combined use of the SP and SS
techniques in a single examination, along with 34 punctures per sampling, resulted in the
lowest proportion of inconclusive cytology findings. It should be pointed out that the fanning
technique was applied for all EUS-FNA cases irrespective of the suction force, since previous
studies have already demonstrated its superiority over the standard approach [29]. A guideline
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on the technical aspects of the EUS-FNA was published in 2017 and has not been updated
yet [30]. It recommends the use of 10 mL standard suction for the EUS-guided sampling
of solid masses with 25 G or 22 G FNA needles, however, the results of recently published
prospective and retrospective clinical trials have questioned this [31-33]. A meta-analysis
published in 2023, which compared the efficacy of SP, dry-suction, modified wet-suction, and
no-suction techniques has found that the modified wet-suction provided the highest rate of
sample adequacy; furthermore, dry suction was associated with significantly higher rates of
blood contamination as compared with the SP technique (OR 1.44 95% CI [1.15-1.80]) [34].
The number of punctures required to achieve the optimal diagnostic accuracy of EUS-FNA
is still unclear [35]. The ESGE guideline recommends a performance of three to four needle
punctures with an FNA needle or two to three punctures with an FNB needle when ROSE is
unavailable [30]. In contrast, the white paper of the American Gastroenterological Association
(AGA) also considers the size of the lesion when making recommendations based on clinical
trials: in the absence of ROSE, optimally four punctures should be performed to achieve
highest diagnostic accuracy in pancreatic solid lesions >2 cm in size and at least six punctures
in lesions <2 cm [36,37]. Studies published in recent years have reported varying conclusions
regarding the effect of pancreatic tumor size on the diagnostic yield of EUS-FNA. Uehara et al.
highlighted that EUS-FNA was accurate in the evaluation of suspected pancreatic malignancies
regardless of the size and location of lesion [38]. However, in another study, this accuracy was
only achievable when ROSE was available [39]. Similar to several other studies, we have also
verified that the size of the lesion influences the outcomes of EUS-FNA [37,40,41]. In our study,
the rate of inconclusive cytological results was significantly increased for lesions smaller than
2 cm. The lower rate of inconclusive results in larger lesions may be explained by the fact
that they are easier to identify and less frequently sampled peritumorally. Another important
reason for this may be the high ROM of these lesions, and our study has also pointed out that
the most important predictor of inconclusive cytological findings is a benign final diagnosis.
However, it should also be considered that in cases of large lesions the risk of formation of
necrotic areas within the tumor is higher, as cells obtained from these locations are unsuitable
for the establishment of a diagnosis. Furthermore, the sampling of especially vascularized
areas could be also disadvantageous due to massive blood contamination obscuring tumor
cells on the smears. Contrast-enhanced EUS-FNA (CE-EUS-FNA) sampling can eliminate
these problems by providing detailed, visualized information on the blood perfusion of the
lesion, thus avoiding necrotic or particularly vascularized areas. Significantly higher efficacy
was achieved by CE-EUS-FNA compared to conventional EUS-FNA sampling in cases of
pancreatic lesions: pooled diagnostic accuracy was 88.8% (85.6-91.9%) vs. 83.6% (79.4-87.8%),
respectively [42]. The stiffness of the tumor and the degree of fibrosis can also affect the
effectiveness of sampling, as it is assumed that the aspiration of cells of hard, fibrotic cancers
requires a sampling technique using greater suction power [43]. Both pancreatic carcinomas
and chronic pancreatitis are typically hard lesions due to prominent desmoplastic stromal
reactions. A retrospective study performed by Togliani et al. found that the adequacy of
EUS-guided tissue acquisition was negatively affected by the presence of fibrosis (OR 8.37
CI95% [2.33-30.0]), and by the location of the lesion in the head /uncinate process (OR 0.37
CI 95% [0.14-0.99]) [44]. However, the higher presence rate and grading of tissue fibrosis
in lesions located in the head /uncinate process seemed to be responsible for the negative
impact on sample adequacy. In our study, there was no clear correlation between tumor
location and the rate of inconclusive cytology results. The lesions in the pancreatic tail were
associated with a significantly lower rate of inconclusive findings (6.67%) compared to other
location; however, it is questionable whether this factor can be considered a true predictor
of inconclusive cases, since this localization was the least frequent in the study population
(n = 60) and this group had a low rate of benign lesions (13.33%), lesions smaller than 2 cm
(6.67%), and needle diameter of 25 G (1.67%).

In our study, the proportion of conclusive results was not higher in EUS-FNA exami-
nations where both direct smears and FFPE were obtained, compared to those where only
direct smears were obtained. This may also be explained by the fact that the formalin-fixed
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sample was not histologically evaluable in a large proportion of cases; it appeared only
as a blood coagulum. Therefore, the proportion of conclusive cytology findings for FFPE
was only slightly above 70%. The use of MOSE could be an alternative solution for the
assessment of the adequacy of specimens if ROSE is unavailable, potentially enhancing
the diagnostic yield of FFPE. However, during the study period in our institute, MOSE
was not implemented [45,46]. A prospective pilot study by Iwashita et al. determined
that that the ideal cut-off value of the length of the macroscopically visible core on MOSE,
indicating the presence of a histologic core specimen, is >4 mm. This achieved a sensitivity
of 93.1% and specificity of 72.0% [47]. One of the most significant advantages of FFPE,
as opposed to direct smears, is that it provides tissue architectural information in addi-
tion to cytomorphology. Moreover, it is compatible with a wide range of molecular and
immunohistochemical techniques. Immunohistochemistry often proves essential for the
differential diagnosis or prognostic evaluation of tumors, including pancreatic metastases
and neuroendocrine tumors [48,49].

There was a very strong correlation between PSC categories, EUS morphological
diagnosis, and the ROM. The final diagnosis was 75.00% malignant in the “atypical” (III)
category and 3.03% in the “negative for malignancy” (II) category, while the ROM for
benign and malignant EUS morphological diagnoses was 3.70% and 93.79%, respectively.
This may be explained by the fact that the benign diagnosis is made with the utmost
caution by both the gastroenterologist and the pathologist. The pathologists classified
cytological findings as “negative for malignancy” (II) in very select cases, (i.) in the
complete absence of cellular atypia in correlation with EUS findings negative for neoplastic
process and (ii.) in the presence of cytologic features characteristic for specific nonneoplastic
lesions, including autoimmune pancreatitis or ectopic spleen. The situation was similar
for a diagnosis established based on the EUS image by gastroenterologists. The “non-
diagnostic” (PI) cytological findings, however, did not provide any guidance on the choice
of further diagnostic steps to be taken and were not related to the ROM. These results are
in accordance with international data [50,51]. The systematic review of eight studies by
Nikas et al. showed that the ROM of PSC categories varied widely: the ROM of the “non
diagnostic” (I), “negative for malignancy” (PII), and “atypical” (PIII) categories were in
the ranges of 8-50%, 0-40%, and 28-100%, respectively [52]. The largest meta-analysis,
which included 3566 patients from 23 studies, separately assessed the outcomes of atypical
cytological findings of EUS-FNA in solid pancreatic masses and found that the ROM of
this category was 58% (95% CI 47%-69%) [53]. The presence of a mass and absence of a
history of pancreatitis were significant predictors for pancreatic malignancy in cases of the
cytological diagnosis of “atypical cells”, while the absence of a mass in the EUS images or
history of chronic pancreatitis was more likely to be associated with a benign lesion [54].
The authors are in agreement that institutions (both cytopathologists and endoscopists)
should monitor and keep their “atypical” cytology rates low, but there is no consensus
recommendation or guideline that defines atypical cytology rate as a quality indicator or
determines its minimum standard value. In our institute, the rate of “atypical” (III) PSC
category was low, with 5.92%.

5. Conclusions

Our retrospective cohort study confirmed the high diagnostic efficiency of EUS-FNA
in the sampling of solid pancreatic lesions. A positive diagnosis of EUS-FNA correlates well
with the definitive diagnosis of the lesion, while for inconclusive samples, further diagnostic
and therapeutic steps are recommended to determine the nature of the disease based on the
morphological diagnosis of EUS and the PSC category together. The EUS morphology of
lesions showed the closest correlation with ROM, therefore, the endoscopist’s proficiency,
the thoroughness of the examination, and the adequate evaluation of lesions (description,
image documentation) are of critical importance in the interpretation of inconclusive cases.
In the case of EUS morphological signs suggestive for a benign lesion and “negative for
malignancy” (PII) cytological findings, a follow-up with the patient may be sufficient;
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in contrast, repeated sampling is required if malighancy is suspected on the basis of
EUS morphology or in the cases of “non-diagnostic” (PI) and “atypical” (PIII) cytological
categories. In this case, the EUS-FNNA is recommended again, as our results confirmed that
the diagnostic value of this method increases significantly with repetition, and the use of a
larger diameter needle may be advantageous. To reduce the burden on patients and the
healthcare system, in the case of “atypical” (PIII) cytology, clinicopathological consultation
and possible revision of smears with a second pathologist should be considered after
detailed clinical data of the patient have been provided. The rate of inconclusive EUS-
FNA findings can be successfully reduced by using larger diameter needles (22 G and
19 G) and by the combined use of SP and SS techniques within a single intervention. We
recommend three or four punctures per sampling: fewer than two punctures increased the
proportion of inconclusive cases, whereas more than four punctures did not improve the
sampling efficiency.

Author Contributions: Conceptualization, R.B., B.V. and Z.S.; methodology, R.B., B.V. and Z.S;
formal analysis, M.S. and R.B.; investigation, R.B., Z.B., B.V,, AF, TT, ZS.,, KF, MR,, AB., PB.
and T.R.; writing—original draft preparation, R.B. and B.V.; writing—review and editing, R.B., B.V.
and Z.S.; supervision, Z.S. and T.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by the research grants of the National Research, Development
and Innovation Office (Grant ID: K125377 to T.M., K134863 to K.F,, K143549 to T.M.), by the New
National Excellence Program of the Ministry of Human Capacities (UNKP-20-5-SZTE-161 to K.E,,
UNKP-22-3-SZTE-233 to P.B., UNKP-22-5-SZTE-545 to R.B., UNKP-22-4-SZTE-296 to A.F., UNKP-22-
3-SZTE-278 to T.R.), by Janos Bolyai Research Grant (BO/00723/22 to R.B.) and by the Géza Hetényi
Research Grant (to K.F.) by Albert Szent-Gytrgyi Medical School, University of Szeged. The funding
body did not play roles in the design of the study and collection, analysis, and interpretation of data
and in writing the manuscript.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Regional and
Institutional Human Medical Biological Research Ethics Committee of the University of Szeged,
Hungary (ethics approval number: 3680/2015 SZTE).

Informed Consent Statement: All the included patients have signed an informed consent form for
the scientific use of their medical data.

Data Availability Statement: The datasets generated for this study are available on request from the
corresponding authors.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.

Dumonceau, ].M.; Deprez, P; Jenssen, C.; Iglesias-Garcia, J.; Larghi, A.; Vanbiervliet, G.; Aithal, G.P,; Arcidiacono, P.G.; Bastos, P;
Carrara, S.; et al. Indications, results, and clinical impact of endoscopic ultrasound (EUS)-guided sampling in gastroenterology:
European Society of Gastrointestinal Endoscopy (ESGE) Clinical Guideline—Updated January 2017. Endoscopy 2017, 49, 695-714.
[CrossRef] [PubMed]

Pouw, R.E.; Barret, M.; Biermann, K.; Bisschops, R.; Czako, L.; Gecse, K.B.; de Hertogh, G.; Hucl, T.; lacucci, M.; Jansen, M.;
et al. Endoscopic tissue sampling—Part 1: Upper gastrointestinal and hepatopancreatobiliary tracts. European Society of
Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy 2021, 53, 1174-1188. [CrossRef] [PubMed]

Puli, S.R.; Bechtold, M.L.; Buxbaum, J.L.; Eloubeidi, M.A. How good is endoscopic ultrasound-guided fine-needle aspiration in
diagnosing the correct etiology for a solid pancreatic mass? A meta-analysis and systematic review. Pancreas 2013, 42, 20-26.
[CrossRef] [PubMed]

Mohan, B.P.; Madhu, D.; Reddy, N.; Charan, B.S.; Khan, S.R.; Garg, G.; Kassab, L.L.; Muthusamy, A K;; Singh, A.; Chandan, S.;
et al. Diagnostic accuracy of EUS-guided fine-needle biopsy sampling by macroscopic on-site evaluation: A systematic review
and meta-analysis. Gastrointest. Endosc. 2022, 96, 909-917.e11. [CrossRef]


https://doi.org/10.1055/s-0043-109021
https://www.ncbi.nlm.nih.gov/pubmed/28511234
https://doi.org/10.1055/a-1611-5091
https://www.ncbi.nlm.nih.gov/pubmed/34535035
https://doi.org/10.1097/MPA.0b013e3182546e79
https://www.ncbi.nlm.nih.gov/pubmed/23254913
https://doi.org/10.1016/j.gie.2022.07.026

Diagnostics 2023, 13, 2841 14 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Li, D.F; Wang, ].-Y.; Yang, M.-E; Xiong, F; Zhang, D.-G.; Xu, Z.-L.; Luo, M.-H.; Jing, Z.-D.; Wang, K.-X.; Wang, L.-S.; et al. Factors
associated with diagnostic accuracy, technical success and adverse events of endoscopic ultrasound-guided fine-needle biopsy: A
systematic review and meta-analysis. J. Gastroenterol. Hepatol. 2020, 35, 1264-1276. [CrossRef]

Tian, G.; Bao, H.; Li, J.; Jiang, T. Systematic Review and Meta-Analysis of Diagnostic Accuracy of Endoscopic Ultrasound
(EUS)-Guided Fine-Needle Aspiration (FNA) Using 22-gauge and 25-gauge Needles for Pancreatic Masses. Med. Sci. Monit. 2018,
24, 8333-8341. [CrossRef]

Tempero, M. A ; Malafa, M.P,; Al-Hawary, M.; Behrman, S.W.; Benson, A.B.; Cardin, D.B.; Chiorean, E.G.; Chung, V.; Czito, B.;
Chiaro, M.D,; et al. Pancreatic Adenocarcinoma, Version 2.2021, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr.
Canc. Netw. 2021, 19, 439-457. [CrossRef]

Pitman, M.B.; Layfield, L.J. The Papanicolaou Society of Cytopathology System for Reporting Pancreaticobiliary Cytology; Springer
International Publishing: Cham, Switzerland, 2015.

Hoda, R.S.; Finer, E.B.; Arpin, R.N.; Rosenbaum, M.; Pitman, M.B. Risk of malignancy in the categories of the Papanicolaou
Society of Cytopathology system for reporting pancreaticobiliary cytology. J. Am. Soc. Cytopathol. 2019, 8, 120-127. [CrossRef]
Sung, S.; del Portillo, A.; Gonda, T.A.; Kluger, M.D.; Tiscornia-Wasserman, P.G. Update on risk stratification in the Papanicolaou
Society of Cytopathology System for Reporting Pancreaticobiliary Cytology categories: 3-Year, prospective, single-institution
experience. Cancer Cytopathol. 2020, 128, 29-35. [CrossRef]

Hébert-Magee, S.; Bae, S.; Varadarajulu, S.; Ramesh, J.; Frost, A.R.; Eloubeidi, M.A.; Eltoum, I.A. The presence of a cytopathologist
increases the diagnostic accuracy of endoscopic ultrasound-guided fine needle aspiration cytology for pancreatic adenocarcinoma:
A meta-analysis. Cytopathology 2013, 24, 159-171. [CrossRef]

Hewitt, M.J.; McPhail, M.J.; Possamai, L.; Dhar, A.; Vlavianos, P.; Monahan, K.J. EUS-guided FNA for diagnosis of solid pancreatic
neoplasms: A meta-analysis. Gastrointest. Endosc. 2012, 75, 319-331. [CrossRef]

Abdallah, M.A.; Ahmed, K.; Taha, W.; Musa, A.; Reardon, E.E.; Abdalla, A.O.; Trikudanathan, G. Endoscopic Ultrasound Guided
Fine-Needle Aspiration for Solid Lesions in Chronic Pancreatitis: A Systematic Review and Meta-Analysis. Dig. Dis. Sci. 2022, 67,
2552-2561. [CrossRef]

Lisotti, A.; Frazzoni, L.; Fuccio, L.; Serrani, M.; Cominardi, A.; Bazzoli, F.; Fusaroli, P. Repeat EUS-FNA of pancreatic masses
after nondiagnostic or inconclusive results: Systematic review and meta-analysis. Gastrointest. Endosc. 2020, 91, 1234-1241.e4.
[CrossRef]

Guvendir, I.; Zemheri, L.E.; Ozdil, K. Impact of rapid on-site evaluation on diagnostic accuracy of EUS-guided fine-needle
aspiration of solid pancreatic lesions: Experience from a single center. BMC Gastroenterol. 2022, 22, 264. [CrossRef] [PubMed]
Sbeit, W.; Khoury, T. Endoscopic ultrasound fine needle biopsy was not more cost-effective than fine-needle aspiration with rapid
on-site evaluation in gastrointestinal lesions diagnosis. Diagn. Cytopathol. 2021, 49, 944-947. [CrossRef] [PubMed]

Chen, Y.I; Chatterjee, A.; Berger, R.; Kanber, Y.; Wyse, ].; Lam, E.; Gan, I.; Auger, M.; Kenshil, S.; Telfordet, ].; et al. Endoscopic
ultrasound (EUS)-guided fine needle biopsy alone vs. EUS-guided fine needle aspiration with rapid onsite evaluation in
pancreatic lesions: A multicenter randomized trial. Endoscopy 2022, 54, 4-12. [CrossRef] [PubMed]

Wani, S.; Mullady, D.; Early, D.S.; Rastogi, A.; Collins, B.; Wang, ].E.; Marshall, C.; Sams, S.B.; Yen, R.; Rizeq, M.; et al. The clinical
impact of immediate on-site cytopathology evaluation during endoscopic ultrasound-guided fine needle aspiration of pancreatic
masses: A prospective multicenter randomized controlled trial. Am. J. Gastroenterol. 2015, 110, 1429-1439. [CrossRef] [PubMed]
Moura, D.TH.; McCarty, T.R,; Jirapinyo, P.; Ribeiro, I.B.; Farias, G.F.A.; Madruga-Neto, A.C.; Ryou, M.; Thompson, C.C.
Endoscopic ultrasound fine needle aspiration vs fine needle biopsy in solid lesions: A multi-center analysis. World |. Clin. Cases
2021, 9, 10507. [CrossRef]

Nebel, J.A.; Soldan, M.; Dumonceau, ].M.; de Souza Carvalho, C.E.; Chagas, V.L.A.; de Assis, P.G.; Lapa E Silva, ].R.; Rezende,
G.ED.M. Rapid On-Site Evaluation by Endosonographer of Endoscopic Ultrasound Fine-Needle Aspiration of Solid Pancreatic
Lesions: A Randomized Controlled Trial. Pancreas 2021, 50, 815-821. [CrossRef]

Milluzzo, S.M.; Olivari, N.; Rossi, G.; Bianchi, D.; Liserre, B.; Graffeo, M.; Lovera, M.; Correale, L.; Hassan, C.; Spada, C. Rapid
on-site evaluation improves the sensitivity of endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) for solid pancreatic
lesions irrespective of technique: A single-centre experience. Cytopathology 2023, 34, 318-324. [CrossRef]

Moura, D.T.H.; McCarty, T.R,; Jirapinyo, P; Ribeiro, I.B.; Hathorn, K.E.; Madruga-Neto, A.C.; Lee, L.S.; Thompson, C.C. Evaluation
of endoscopic ultrasound fine-needle aspiration versus fine-needle biopsy and impact of rapid on-site evaluation for pancreatic
masses. Endosc. Int. Open 2020, 8, E738-E747. [CrossRef]

Zhang, S.; Ni, M.; Wang, P.; Zheng, J.; Sun, Q.; Xu, G.; Peng, C.; Shen, S.; Zhang, W.; Huang, S.; et al. Diagnostic value of
endoscopic ultrasound-guided fine needle aspiration with rapid on-site evaluation performed by endoscopists in solid pancreatic
lesions: A prospective, randomized controlled trial. J. Gastroenterol. Hepatol. 2022, 37, 1975-1982. [CrossRef] [PubMed]

Guedes, H.G.; Hourneaux de Moura, D.T.; Duarte, R.B.; Cordero, M.A.C.; Santos, M.E.L.D.; Cheng, S.; Matuguma, S.E.; Chaves,
D.M.; Bernardo, WM.; de Moura, E.G.H. A comparison of the efficiency of 22G versus 25G needles in EUS-FNA for solid
pancreatic mass assessment: A systematic review and meta-analysis. Clinics 2018, 73, e261. [CrossRef]

Itonaga, M.; Yasukawa, S.; Fukutake, N.; Ogura, T.; Asada, M.; Shimokawa, T.; Inatomi, O.; Nakai, Y.; Shiomi, H.; Nebiki, H.; et al.
Comparison of 22-gauge standard and Franseen needles in EUS-guided tissue acquisition for diagnosing solid pancreatic lesions:
A multicenter randomized controlled trial. Gastrointest. Endosc. 2022, 96, 57-66.€2. [CrossRef]


https://doi.org/10.1111/jgh.14999
https://doi.org/10.12659/MSM.911405
https://doi.org/10.6004/jnccn.2021.0017
https://doi.org/10.1016/j.jasc.2019.01.002
https://doi.org/10.1002/cncy.22199
https://doi.org/10.1111/cyt.12071
https://doi.org/10.1016/j.gie.2011.08.049
https://doi.org/10.1007/s10620-021-07066-3
https://doi.org/10.1016/j.gie.2020.01.034
https://doi.org/10.1186/s12876-022-02330-w
https://www.ncbi.nlm.nih.gov/pubmed/35624440
https://doi.org/10.1002/dc.24770
https://www.ncbi.nlm.nih.gov/pubmed/33973746
https://doi.org/10.1055/a-1375-9775
https://www.ncbi.nlm.nih.gov/pubmed/33506455
https://doi.org/10.1038/ajg.2015.262
https://www.ncbi.nlm.nih.gov/pubmed/26346868
https://doi.org/10.12998/wjcc.v9.i34.10507
https://doi.org/10.1097/MPA.0000000000001846
https://doi.org/10.1111/cyt.13237
https://doi.org/10.1055/a-1122-8674
https://doi.org/10.1111/jgh.15897
https://www.ncbi.nlm.nih.gov/pubmed/35614028
https://doi.org/10.6061/clinics/2018/e261
https://doi.org/10.1016/j.gie.2022.02.005

Diagnostics 2023, 13, 2841 15 of 16

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Oppong, K.W.,; Bekkali, N.L.H.; Leeds, ].S.; Johnson, S.J.; Nayar, M.K.; Darné, A.; Egan, M.; Bassett, P; Haugk, B. Fork-tip needle
biopsy versus fine-needle aspiration in endoscopic ultrasound-guided sampling of solid pancreatic masses: A randomized
crossover study. Endoscopy 2020, 52, 454—461. [CrossRef]

Bang, J.Y; Krall, K.; Jhala, N.; Singh, C.; Tejani, M.; Arnoletti, ].P.; Navaneethan, U.; Hawes, R.; Varadarajulu, S. Comparing
Needles and Methods of Endoscopic Ultrasound-Guided Fine-Needle Biopsy to Optimize Specimen Quality and Diagnostic
Accuracy for Patients with Pancreatic Masses in a Randomized Trial. Clin. Gastroenterol. Hepatol. 2021, 19, 825-835.e7. [CrossRef]
van Riet, PA,; Erler, N.S.; Bruno, M.J.; Cahen, D.L. Comparison of fine-needle aspiration and fine-needle biopsy devices for
endoscopic ultrasound-guided sampling of solid lesions: A systemic review and meta-analysis. Endoscopy 2021, 53, 411-423.
[CrossRef] [PubMed]

Bang, J.Y.; Magee, S.H.; Ramesh, J.; Trevino, ].M.; Varadarajulu, S. Randomized trial comparing fanning with standard technique
for endoscopic ultrasound-guided fine-needle aspiration of solid pancreatic mass lesions. Endoscopy 2013, 45, 445-450. [CrossRef]
[PubMed]

Polkowski, M.; Jenssen, C.; Kaye, P.; Carrara, S.; Deprez, P; Gines, A.; Fernandez-Esparrach, G.; Eisendrath, P; Aithal, G.P;
Arcidiacono, P.; et al. Technical aspects of endoscopic ultrasound (EUS)-guided sampling in gastroenterology: European Society
of Gastrointestinal Endoscopy (ESGE) Technical Guideline—March 2017. Endoscopy 2017, 49, 989-1006. [CrossRef]

Crino, S.F; Bellocchi, M.C.C.; Di Mitriet, R.; Inzani, F; Rimbas, M.; Lisotti, A.; Manfredi, G.; Teoh, A.Y.B.; Mangiavillano, B.;
Sendino, O.; et al. Wet-suction versus slow-pull technique for endoscopic ultrasound-guided fine-needle biopsy: A multicenter,
randomized, crossover trial. Endoscopy 2023, 55, 225-234. [CrossRef]

Bor, R; Vasas, B.; Fabian, A.; Balint, A.; Farkas, K.; Milassin, A.; Czaké, L.; Rutka, M.; Molnér, T.; Sztics, M.; et al. Prospective
comparison of slow-pull and standard suction techniques of endoscopic ultrasound-guided fine needle aspiration in the diagnosis
of solid pancreatic cancer. BMC Gastroenterol. 2019, 19, 6. [CrossRef]

Nakai, Y.; Hamada, T.; Hakuta, R.; Sato, T.; Ishigaki, K.; Saito, K.; Saito, T.; Takahara, N.; Mizuno, S.; Kogure, H.; et al. A
Meta-analysis of Slow Pull versus Suction for Endoscopic Ultrasound-Guided Tissue Acquisition. Gut Liver 2021, 15, 625-633.
[CrossRef] [PubMed]

Facciorusso, A.; Crino, S.F; Ramai, D.; Madhu, D.; Fugazza, A.; Carrara, S.; Spadaccini, M.; Mangiavillano, B.; Gkolfakis, P;
Mohan, B.P; et al. Comparative diagnostic performance of different techniques for EUS-guided fine-needle biopsy sampling of
solid pancreatic masses: A network meta-analysis. Gastrointest. Endosc. 2023, 97, 839-848.e5. [CrossRef] [PubMed]

Ge, PS.; Wani, S.; Watson, R.R.; Sedarat, A.; Kim, S.; Marshall, C.; Wilson, R.H.; Makker, J.; Mohamadnejad, M.; Komanduri,
S.; et al. Per-Pass Performance Characteristics of Endoscopic Ultrasound-Guided Fine-Needle Aspiration of Malignant Solid
Pancreatic Masses in a Large Multicenter Cohort. Pancreas 2018, 47, 296-301. [CrossRef]

Wani, S.; Muthusamy, V.R.; McGrath, C.M.; Sepulveda, A.R; Das, A.; Messersmith, W.; Kochman, M.L.; Shah, J. AGA White
Paper: Optimizing Endoscopic Ultrasound-Guided Tissue Acquisition and Future Directions. Clin. Gastroenterol. Hepatol. 2018,
16, 318-327. [CrossRef] [PubMed]

Mohamadnejad, M.; Mullady, D.; Early, D.S.; Collins, B.; Marshall, C.; Sams, S.; Yen, R.; Rizeq, M.; Romanas, M.; Nawaz, S.;
et al. Increasing Number of Passes Beyond 4 Does Not Increase Sensitivity of Detection of Pancreatic Malignancy by Endoscopic
Ultrasound-Guided Fine-Needle Aspiration. Clin. Gastroenterol. Hepatol. 2017, 15, 1071-1078.e2. [CrossRef] [PubMed]

Uehara, H.; Ikezawa, K.; Kawada, N.; Fukutake, N.; Katayama, K.; Takakura, R.; Takano, Y.; Ishikawa, O.; Takenaka, A. Diagnostic
accuracy of endoscopic ultrasound-guided fine needle aspiration for suspected pancreatic malignancy in relation to the size of
lesions. J. Gastroenterol. Hepatol. 2011, 26, 1256-1261. [CrossRef]

Ramesh, J.; Kim, H.; Reddy, K.; Eltoum, LE.A. Performance characteristic of endoscopic ultrasound-guided fine needle aspiration
is unaffected by pancreatic mass size. Endosc. Int. Open 2016, 4, E434. [CrossRef]

Crino, S.F,; Bellocchi, M.C.C.; Bernardoni, L.; Manfrin, E.; Parisi, A.; Amodio, A.; De Pretis, N.; Frulloni, L.; Gabbrielli, A.
Diagnostic yield of EUS-FNA of small (<15 mm) solid pancreatic lesions using a 25-gauge needle. Hepatobiliary Pancreat. Dis. Int.
2018, 17, 70-74. [CrossRef]

Siddiqui, A.A.; Brown, L.J.; Hong, S.K.S.; Draganova-Tacheva, R.A.; Korenblit, J.; Loren, D.E.; Kowalski, T.E.; Solomides, C.
Relationship of pancreatic mass size and diagnostic yield of endoscopic ultrasound-guided fine needle aspiration. Dig. Dis. Sci.
2011, 56, 3370-3375. [CrossRef]

Facciorusso, A.; Mohan, B.P; Crino, S.F.; Ofosu, A.; Ramai, D.; Lisotti, A.; Chandan, S.; Fusaroli, P. Contrast-enhanced harmonic
endoscopic ultrasound-guided fine-needle aspiration versus standard fine-needle aspiration in pancreatic masses: A meta-analysis.
Expert Rev. Gastroenterol. Hepatol. 2021, 15, 821-828. [CrossRef] [PubMed]

Bor, R.; Vasas, B.; Fébian, A.; Sztics, M; Fiiredi, A.; Czaké, L.; Rutka, M.; Farkas, K.; Molnar, T.; Milassin, A.; et al. Slow-pull
technique yields better quality smears: Prospective comparison of slow-pull and standard suction techniques of endoscopic
ultrasound-guided fine-needle aspiration. Scand. |. Gastroenterol. 2020, 55, 1369-1376. [CrossRef] [PubMed]

Togliani, T,; Lisotti, A.; Rinaldi, R.; Fornelli, A.; Pilati, S.; Passigato, N.; Fusaroli, P. Tumor Location in the Head /Uncinate Process
and Presence of Fibrosis Impair the Adequacy of Endoscopic Ultrasound-Guided Tissue Acquisition of Solid Pancreatic Tumors.
Cancers 2022, 14, 3544. [CrossRef]

So, H.; Seo, D.W.; Hwang, J.S.; Ko, S.W.; Oh, D.; Song, T.T.; Park, D.H,; Lee, S.K.; Kim, M.-H. Macroscopic on-site evaluation after
EUS-guided fine needle biopsy may replace rapid on-site evaluation. Endosc. Ultrasound 2021, 10, 111-115. [CrossRef]


https://doi.org/10.1055/a-1114-5903
https://doi.org/10.1016/j.cgh.2020.06.042
https://doi.org/10.1055/a-1206-5552
https://www.ncbi.nlm.nih.gov/pubmed/32583392
https://doi.org/10.1055/s-0032-1326268
https://www.ncbi.nlm.nih.gov/pubmed/23504490
https://doi.org/10.1055/s-0043-119219
https://doi.org/10.1055/a-1915-1812
https://doi.org/10.1186/s12876-018-0921-9
https://doi.org/10.5009/gnl20270
https://www.ncbi.nlm.nih.gov/pubmed/33592584
https://doi.org/10.1016/j.gie.2023.01.024
https://www.ncbi.nlm.nih.gov/pubmed/36657607
https://doi.org/10.1097/MPA.0000000000001003
https://doi.org/10.1016/j.cgh.2017.10.020
https://www.ncbi.nlm.nih.gov/pubmed/29074447
https://doi.org/10.1016/j.cgh.2016.12.018
https://www.ncbi.nlm.nih.gov/pubmed/28025154
https://doi.org/10.1111/j.1440-1746.2011.06747.x
https://doi.org/10.1055/s-0035-1569969
https://doi.org/10.1016/j.hbpd.2018.01.010
https://doi.org/10.1007/s10620-011-1782-z
https://doi.org/10.1080/17474124.2021.1880893
https://www.ncbi.nlm.nih.gov/pubmed/33481633
https://doi.org/10.1080/00365521.2020.1825792
https://www.ncbi.nlm.nih.gov/pubmed/33016159
https://doi.org/10.3390/cancers14143544
https://doi.org/10.4103/EUS-D-20-00113

Diagnostics 2023, 13, 2841 16 of 16

46.

47.

48.

49.

50.

51.

52.

53.

54.

Guan, C; Wu, M; Ye, J.; Liu, Z.; Mao, Z.; Lu, C.; Zhang, J. Macroscopic on site quality evaluation of biopsy specimens to improve
the diagnostic accuracy of endoscopic ultrasound guided fine needle aspiration using a 22 gauge needle for solid lesions: A single
center retrospective study. Exp. Ther. Med. 2023, 26, 338. [CrossRef]

Iwashita, T.; Yasuda, I.; Mukai, T.; Doi, S.; Nakashima, M.; Uemura, S.; Mabuchi, M.; Shimizu, M.; Hatano, Y.; Hara, A.; et al.
Macroscopic on-site quality evaluation of biopsy specimens to improve the diagnostic accuracy during EUS-guided FNA using a
19-gauge needle for solid lesions: A single-center prospective pilot study (MOSE study). Gastrointest. Endosc. 2015, 81, 177-185.
[CrossRef] [PubMed]

Rimbas, M.; Horumba, M.; Rizzatti, G.; Crino, S.F; Gasbarrini, A.; Costamagna, G.; Larghi, A. Interventional endoscopic
ultrasound for pancreatic neuroendocrine neoplasms. Dig. Endosc. 2020, 32, 1031-1041. [CrossRef]

Mastrosimini, M.G.; Manfrin, E.; Remo, A.; De Bellis, M.; Parisi, A.; Pedron, S.; Luchini, C.; Brunelli, M.; Ammendola, S.;
Bernardoni, L.; et al. Endoscopic ultrasound fine-needle biopsy to assess DAXX/ATRX expression and alternative lengthening of
telomeres status in non-functional pancreatic neuroendocrine tumors. Pancreatology 2023, 23, 429—-436. [CrossRef]

Gocun, PU.; Simsek, B.; Ekinci, O.; Ekmen, N.; Arhan, M.; Karakan, T.; Ibis, M.; Cindoruk, M. Risk of Malignancy Using
the Diagnostic Categories Proposed by the World Health. Organization International System for Reporting Pancreaticobiliary
Cytopathology. Acta Cytol. 2022, 66, 475-485. [CrossRef]

Gonzalez-Mancera, M.S.; Ahmadian, S.S.; Gomez-Fernandez, C.; Velez-Torres, J.; Jorda, M.; Garcia-Buitrago, M.T. Risk of malig-
nancy associated with the diagnostic categories proposed by the Papanicolaou Society of Cytopathology for pancreaticobiliary
specimens: An institutional experience. Diagn. Cytopathol. 2022, 50, 49-56. [CrossRef]

Nikas, LP; Proctor, T.; Seide, S.; Chatziioannou, S.S.; Reynolds, J.P.; Ntourakis, D. Diagnostic Performance of Pancreatic Cytology
with the Papanicolaou Society of Cytopathology System: A Systematic Review, before Shifting into the Upcoming WHO
International System. Int. J. Mol. Sci. 2022, 23, 1650. [CrossRef] [PubMed]

Abdelgawwad, M.S.; Alston, E.; Eltoum, I.A. The frequency and cancer risk associated with the atypical cytologic diagnostic
category in endoscopic ultrasound-guided fine-needle aspiration specimens of solid pancreatic lesions: A meta-analysis and
argument for a Bethesda System for Reporting Cytopathology of the Pancreas. Cancer Cytopathol. 2013, 121, 620-628. [PubMed]
Alston, E.; Bae, S.; Eltoum, I.A. Atypical cytologic diagnostic category in EUS-FNA of the pancreas: Follow-up, outcomes, and
predictive models. Cancer Cytopathol. 2014, 122, 428-434. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3892/etm.2023.12037
https://doi.org/10.1016/j.gie.2014.08.040
https://www.ncbi.nlm.nih.gov/pubmed/25440688
https://doi.org/10.1111/den.13635
https://doi.org/10.1016/j.pan.2023.05.002
https://doi.org/10.1159/000525276
https://doi.org/10.1002/dc.24910
https://doi.org/10.3390/ijms23031650
https://www.ncbi.nlm.nih.gov/pubmed/35163571
https://www.ncbi.nlm.nih.gov/pubmed/23881871
https://doi.org/10.1002/cncy.21389
https://www.ncbi.nlm.nih.gov/pubmed/24436110

	Introduction 
	Materials and Methods 
	Patient Enrollment and Determination of Subgroups 
	Objectives of the Study and Clinical Validation of Cytological Findings 
	EUS-FNA Procedure and Pathological Evaluation 
	Ethics Approval and Consent to Participate 
	Statistical Analysis 

	Results 
	Characteristics of Patients and EUS-FNA Samplings 
	Frequency and Predictors of Inconclusive Cytological Findings 
	Outcome Patients with Inconclusive Cytology Results 
	Clinical Factors Influencing the ROM 

	Discussion 
	Conclusions 
	References

