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Abstract

Purpose The main objective of the present study is to

compare the safety, technical success and diagnostic yield

of endoscopic ultrasound-guided fine-needle aspiration

(EUS-FNA) versus ultrasound-guided percutaneous core-

needle biopsy (US-CNB) in patients with solid pancreatic

lesions.

Methods This is a retrospective study that involved all

patients with a solid pancreatic lesion who underwent

EUS-FNA or US-CNB between November 2019 and

February 2021. Of all patients, 69 (84.1%) had inoperable

malignancy, whereas 13 (15.9%) had chronic pancreatitis.

Resectability status was ascertained by computed tomog-

raphy. All core needle biopsies were performed by the

same interventional radiologist via ultrasound guidance

with an 18-gauge semi-automatic tru-cut needle. All EUS-

FNA procedures were performed by the same gastroen-

terologist with a 27-gauge EUS-FNA needle. Technical

success is defined as if the region of interest is reached and

specimen taken from the pancreatic lesion. Diagnostic

yield is defined as the procurement of sufficient tissue for

pathological examination.

Results Overall, 52 patients (mean age 58.5 ± 9.8 years)

who underwent EUS-FNA and 30 patients

(60.1 ± 12.1 years) who underwent US-CNB were inclu-

ded. Solid lesions were most commonly (61.5% in EUS-

FNA and 50.0% in US-CNB groups) located in pancreatic

head in both groups. Mean size of the lesions was com-

parable in both groups as well. The technical success was

100% in both groups. In 12 (14.6%) patients, pathology

results revealed inadequate sampling (11 9 in the EUS-

FNA and 1 9 in the US-CNB group). The diagnostic yield

was significantly higher in US-CNB group than in EUS-

FNA group (96.7% vs. 78.8%, respectively, p = 0.048). Of

11 patients in the EUS-FNA with inadequate sampling,

pancreatic lesions were located in the pancreatic head in 7

(63.6%). No major complications were observed in neither

of the groups. As a minor complication, one case of slight

abdominal pain was detected in the EUS-FNA group.

Conclusion Based on the results of the present study, both

US-CNB and EUS-FNA appeared safe; however, diag-

nostic yield in the US-CNB group was significantly higher.
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Introduction

Pancreatic cancer ranks as the 4th most fatal cancer in both

males and females in the general population [1].

Since solid pancreatic lesions have a heterogenous eti-

ology, tissue diagnosis is required in most cases [2]. Pan-

creatic adenocarcinoma constitutes the great majority

(80–90%) of neoplastic solid pancreatic lesions, followed

by neuroendocrine tumors and metastatic lesions. Chronic

pancreatitis should also be considered in the differential

diagnosis. When chronic inflammation occurs focally, it

may present as a solid lesion, i.e., pseudotumor [3].

Multidetector computed tomography (CT) is recom-

mended as the initial imaging technique in the diagnosis

and staging of pancreatic adenocarcinoma [1]. Endoscopic

ultrasonography (EUS) is used as an adjunct imaging

modality in most cases, particularly in assessing the pres-

ence of lymph node metastasis and vascular invasion.

European Society for Medical Oncology (ESMO) guideli-

nes recommend using EUS when the pancreatic adeno-

carcinoma is deemed resectable and no metastases are

detected [1]. EUS is also recommended when the cancer is

locally advanced to obtain a biopsy for definitive diagnosis.

Ultrasound guided percutaneous core needle biopsy

(US-CNB) of solid pancreatic can be used as an alternative

diagnostic modality to EUS-guided fine needle aspiration

(EUS-FNA) [4–6]. Some studies [7, 8] reported higher

diagnostic sensitivity rates with CNB compared to EUS-

FNA owing to the larger volume of extracted biopsy

samples. Moreover, CNB under ultrasound guidance may

be faster and does not require radiation exposure. On the

other hand, US-CNB is theoretically riskier for seeding of

the primary pancreatic tumor due to a longer trajectory and

larger bore of the biopsy needles. However, there is no

direct evidence of this risk in the literature. Nevertheless,

the National Comprehensive Cancer Network (NCCN)

guideline recommends performance US-FNA over US-

CNB based on the belief that the latter is associated with

less major complications and seeding in patients with

resectable pancreatic lesions [5, 9, 10]. It can be considered

that the potential risk of seeding is less of a problem in

locally advanced and already metastatic disease.

Several studies have evaluated diagnostic yield and

complication rates of percutaneous CNB in solid pancreatic

lesions [5, 11, 12]. However, data comparing diagnostic

utility and adverse events of US-CNB with that of EUS-

FNA in solid pancreatic lesions are scarce [7, 13]. There-

fore, in the present study, we aimed to compare technical

success rate, diagnostic yield as well as procedure-related

adverse events between US-CNB and EUS-FNA in patients

with solid pancreatic lesions.

Materials and Methods

Study Design, Subjects, and Setting

This is a retrospective study that involved all patients with

a solid pancreatic lesion who underwent EUS-FNA or US-

CNB at our institution. The institutional review board

approved the study protocol.

Solid pancreatic lesions had been detected by abdominal

CT and/or magnetic resonance imaging ordered by the

primary physicians of the patients, mainly gastroenterolo-

gists. Unresectable pancreatic cancer was defined as

International Union Against Cancer clinical stage III (lo-

cally advanced disease: T4N0-1 and M0) or IV (metastatic

disease: T1-4N0-1 and M1). We included all patients who

underwent US-guided core-needle biopsy or EUS- FNA

between November 2019 and February 2021 at the

National Cancer Center of Azerbaijan for suspected pan-

creatic carcinoma.

Patients who had a contraindication for EUS (structural

abnormalities such as duodenal or esophageal stenosis) and

US-FNA (poor performance status and cardiopulmonary

reserve, inadequate visualization, and untreated bleeding

tendency) were excluded from the study. Patients who

lacked biopsy results and other study data were excluded,

either. Resectability status was ascertained based on the

resectability criteria of NCCN guidelines [14]. ‘‘In this

study EUS-guided FNA was the initial biopsy modality.

However, if the lesion deemed to be unsuitable for EUS-

guided FNA, or if pancreatitis was suspected, the clinician

would consider US-guided CNB as the first biopsy

modality.

All inoperable patients were administered systemic

chemotherapy. The clinical course and outcome will not be

followed of the patients after pancreatic biopsy procedures.

US-CNB and EUS-FNA Procedures

All core-needle biopsies were performed by the same

interventional radiologist after overnight fasting. While

patients were lying supine, a 5-MHz ultrasound probe

(SonoAce X6 scanner, Samsung Medison, Seoul, Korea)

was used to visualize the solid pancreatic lesion. The

needle insertion point was planned and trajectory to obtain

the shortest possible distance to the lesion without causing

any injury to adjacent organs. Local anesthesia was per-

formed with lidocaine at the needle insertion site without

systemic sedation. An 18-gauge, 15 cm semi-automatic

tru-cut needle (Geotek Semi-Automatic Biopsy Needle,

Ankara, Turkey) was inserted under the continuous guid-

ance of ultrasound. At least two biopsy cores were col-

lected, which were fixated in 10% formalin for further
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pathological examination at the pathology department.

After the second extraction of the needle, local pressure

was applied for 5 min to avoid local bleeding and hema-

toma formation (Figs. 1, 2).

All EUS-FNA procedures were performed by the same

gastroenterologist after midazolam sedation and pharyn-

geal lidocaine application. Solid pancreatic lesions were

visualized using endoscopic ultrasound via linear echoen-

doscopes (EU-ME2 Premier Plus Olympus). 27-gauge

EUS-FNA needles (Acquire endoscopic ultrasound fine

needle biopsy device, Boston Scientific Co., Natick, MA,

USA) were used to biopsy the pancreatic lesions. Minor

and major complications were defined according to the

guidelines for percutaneous needle biopsy of the Society of

Interventional Radiology [15].

Definitions

Technical success was defined as if the region of interest

was reached and specimen was taken from the pancreatic

lesion Diagnostic yield was accepted as the procurement of

sufficient tissue to make a diagnosis via pathological

examination.

Statistical Analysis

The Kolmogorov–Smirnov test was used to check whether

the distribution of the variables was normal. Age was given

as mean ± standard deviation since it was normally dis-

tributed. Lesion diameter was presented as median (in-

terquartile range) because it was not normally distributed.

Categorical variables were presented as numbers and per-

centages. The non-parametric Mann–Whitney U test was

used to compare the lesion diameter of the EUS-FNA and

US-CNB groups. To compare age between the groups, the

independent samples t-test was used. The Chi-Square test

and Fisher’s exact test were used to compare categorical

variables between the groups.

A probability value of p\ 0.05 was considered statis-

tically significant, and two-tailed p values were used for all

statistics. Statistical analysis was performed using the

SPSS 25.0 statistical software package (SPSS Inc. Chicago,

IL, USA).

Results

Overall, 52 patients (mean age 58.5 ± 9.8 years) who

underwent EUS-FNA and 30 patients (mean age

60.1 ± 12.1 years) who underwent US-CNB were avail-

able for the analysis. There was no difference in terms of

sex distribution between the groups. In both groups, more

than two-thirds of the patients were male. Of all patients,

69 (84.1%) patients were referred for biopsy with a clinical

and radiologic diagnosis of malignancy. In addition, 13

(15.9%) patients with a solid pancreatic lesion had a his-

tory of chronic pancreatitis.

In patients who underwent EUS-FNA, solid lesions were

most commonly located in the pancreatic head (61.5%),

followed by the neck and body. This was also the case in

the US-CNB group (50.0%). There was no statistically

significant difference in the location of the pancreatic

lesions in both groups. The mean size of the lesions was

comparable in both groups. The technical failure rate was

zero in both groups since, in all patients, the pancreatic

lesion could be reached either by US-CNB or EUS-FNA.

The number of patients with a diagnostic yield was 41

(78.8%) in the EUS-FNA group, and 29 (96.7%) among the

patients who underwent the US-CNB procedure. In 12

(14.6%) patients (11 in US-FNA and 1 in US-CNB group),

pathology results revealed inadequate sampling. The

diagnostic yield was significantly higher in the US-CNB

group than in the EUS-FNA group (p = 0.048) (Fig. 3). Of

12 patients whose biopsy result was reported as inadequate

sampling, pancreatic lesions were located in the pancreatic

head in 7 patients (63.6%), whereas 4 lesions were located

in the body and tail of the pancreas. The sole inadequately

sampled lesion in the US-CNB group was located in the

head of the pancreas. All biopsy pathology results were

compatible with presumed pre-biopsy diagnosis in patients

who were deemed to have unresectable malignancy.

Biopsy results in both groups were compatible with chronic

Fig. 1 A In a 50-year-old female patient, a hyperdense nodular lesion

in the pancreas is seen on contrast-enhanced CT (white arrow).

B Hypoechoic nodule in the pancreas on transabdominal

ultrasonography (white arrow). C Core biopsy was performed from

the hypoechogenic nodular lesion in the pancreas via percutaneous

trans-abdominal ultrasonography guidance (black arrow)
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pancreatitis in patients who had a history and diagnostic

imaging clues for chronic pancreatitis. Pancreatic ductal

adenocarcinoma was the most commonly diagnosed cancer

in both groups (Fig. 4). Table 1 summarizes demographic

features and pancreatic lesion characteristics including the

biopsy results. No major complications were observed in

neither of the groups. As a minor complication, only one

patient complained of slight abdominal pain in the EUS-

FNA group.

Discussion

The salient findings of the present study were as follows:

First, the technical was 100% in both groups. However, the

diagnostic yield was significantly higher in the US-CNB

group compared with the EUS-FNA group. Second, both

biopsy procedures were safe, and no major complications

were observed.

Currently, major oncology guidelines recommend tissue

diagnosis in patients with a solid pancreatic lesion if the

patient was considered to have an unresectable solid mass

before administration of therapy. Besides, they suggest

EUS-FNA as the primary means of tissue sampling from

the pancreas and US-CNB as only an adjunct modality in

case of technical failure or inadequate tissue sampling. The

Fig. 2 A In a 60-year-old male

patient, a hypointense lesion

(white arrow) in the pancreas is

seen on T1 weighted MR

imaging. B Hypointense lesion

(black arrow) in the pancreas is

seen on T2 weighted MR

imaging. C Endoscopic

ultrasonography showed a

hypoechoic nodular lesion

(white arrow) in the pancreas.

D Endoscopic ultrasonographic

fine-needle aspiration biopsy

was performed from a

hypoechoic nodular lesion

(white arrow)

Fig. 3 Clustered bar

chart showing diagnostic yield

in patients who underwent EUS-

FNA and US-CNB
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Fig. 4 Clustered bar

chart depicts pathologic

diagnosis of the solid pancreatic

mass in both groups

Table 1 Comparison of

demographics, solid pancreatic

lesion, and biopsy

characteristics of patients who

underwent EUS-FNA and US-

CNB

Groups p value

EUS-FNA (n = 52) US-CNB (n = 30)

Age (year) 58.5 ± 9.8 60.1 ± 12.1 0.512*

Sex n (%)

Female 18 (34.6%) 11 (36.7%) 1.000**

Male 34 (65.4%) 19 (63.3%)

Localization of lesion n (%)

Head-uncinate process 32 (61.5%) 15 (50.0%) 0.325**

Neck- body 14 (26.9%) 13 (43.3%)

Tail 6 (11.5%) 2 (6.7%)

Lesion diameter (n = 67) (cm) 4 (3–5) 5 (3–7) 0.317§

Pathologic diagnosis n (%)

Malignancy 34 (65.4%) 23 (76.7%)

Adenocarcinoma 30 (88.2%) 20 (87.0%) 0.302�

Adenosquamous carcinoma 1 (2.9%) 0

Neuroendocrine carcinoma 1 (2.9%) 2 (8.7%)

Mucinous cystic neoplasm 2 (5.9%) 1 (4.4%)

Chronic pancreatitis 7 (13.5%) 6 (20.0%)

Inadequate sampling 11 (21.2%) 1 (3.3%)

Atypical cells 1 (9.1%) 1 (100%)

Inflammatory/blood cells 7 (63.6%) 0

Cyst fluid 1 (9.1%) 0

Normal pancreas tissue 2 (18.2%) 0

Diagnostic yield n (%) 41 (78.8%) 29 (96.7%) 0.048�

Main titles in pathological definitions and diagnostic yield are given in bold

EUS-FNA, endoscopic ultrasound-guided fine needle aspiration; US-CNB, ultrasound-guided core needle

biopsy

*Independent samples t-test

**Chi-square test
�Fisher’s exact test
§Mann–Whitney U test
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primary concern of guideline bodies is the risk of seeding

of the pancreatic tumor by US-CNB [1, 14]. Huang et al.,

in their systematic review of studies of US-CNB reported

that seeding was not reported in the studies they examined

[5]. However, Bhatti and colleagues retrospectively eval-

uated 153 CT-guided percutaneous pancreas biopsies in

patients in palliative care. The authors, though did not

provide actual numbers, concluded that there was no evi-

dence of seeding in our cohort [5, 6]. All of the patients in

our study had a pre-diagnosis of pancreatic malignancy

based on clinical findings, imaging studies, and tumor

markers. Patients with chronic pancreatitis also had a

predisposing factor for chronic pancreatitis along with

imaging features compatible with chronic background

pancreatitis. Hence, we did not perform US-CNB in

patients with a potentially resectable pancreatic tumor with

concerns of seeding.

In a meta-analysis Huang et al. [5] and reported the

sensitivity and specificity of percutaneous US-CNB as

94.4% and 97.9%, respectively. The negative predictive

value of the procedure was 76.3%. The procedure-related

complication rate was 2.08%. However, data with respect

to the direct comparison of percutaneous CNB and EUS-

FNA for the diagnosis of solid pancreatic lesions are much

scarcer. Sur and colleagues compared the diagnostic yield

of percutaneous US-CNB and EUS-FNA in patients with

solid pancreatic lesions [7]. The accuracy, technical failure

rate, sensitivity, and specificity were found to be similar for

both techniques. The sensitivity and specificity were 87.1%

and 100%, respectively, for the US-CNB. The similar

technical failure rate coupled with less diagnostic yield

reflects most likely the fact that larger tissue samples could

be obtained by CNB compared with EUS-FNA. The results

of the present study actually confirmed the results of the

study by Sur et al. in terms of diagnostic yield. Only 3.3%

of the biopsy attempts resulted in inadequate sampling in

patients who underwent US-CNB.

In some patients with a solid pancreatic lesion, it might

be difficult to distinguish inflammatory reaction from true

neoplasm with fine-needle aspiration. Moreover, diagnosis

of neuroendocrine tumors, which usually necessitates the

use of immunohistochemical examination, might be diffi-

cult solely based on FNA cytology [16, 17]. The presence

of an on-site cytopathologist was supposed as a require-

ment for better results with EUS-FNA [18, 19]; however, a

recent prospective study and a study with a modified

biopsy technique reported successful results even in the

absence of a readily available cytopathologist during the

performance of the EUS-FNA [20, 21]. In our study, we

did not have an on-site cytopathologist readily available

during biopsy procedure. Nevertheless, the diagnostic yield

was close to 80% for patients who underwent EUS-FNA.

One of the potential limitations of the EUS-FNA is the

relative difficulty of biopsying the solid pancreatic lesions

located in the pancreatic body, uncinate process, and tail

[2]. However, in this study, among cases with inadequate

sampling who underwent EUS-FNA, most of the lesions

were localized in the head of the pancreas (63.6%). The

technical failure rate both for percutaneous US-CNB and

EUS-FNA was zero.

Percutaneous conventional fine needle biopsy provides a

small amount of target organ tissue, causing a low negative

predictive value [22]. Accuracy has been reported to be

much higher in pancreas tru-cut biopsies compared to fine

needle biopsies [23]. Another important advantage of the

ultrasound-guided techniques is the capability of showing

vascular structures in real-time [22].

Biopsy of pancreatic lesions via EUS-FNA is not

without adverse events. Particularly, it is known that EUS-

FNA of pancreatic lesions is associated with higher com-

plication rates compared to EUS-FNA of other organs [24].

In a systematic review including 51 studies and more than

10 thousand patients who underwent EUS-FNA for a solid

pancreatic lesion, 0.98% of all patients developed proce-

dure-related pancreatitis, abdominal/chest pain, bleeding,

or infection. The mortality rate attributable to EUS-FNA

was 0.02%. Most of the studies reported in this analysis

used 22G biopsy needles. Nevertheless, the median major

complication rate was found to be 2.08% among 13 studies

that used US-CNB to biopsy solid pancreatic lesions [5]. In

the present study, none of the patients in either group

experienced a major complication.

Several limitations of the present study are worthy of

mention. First, this was a retrospective study with a rela-

tively small sample size. Secondly, it was not possible to

obtain tissue diagnosis from another route, such as a biopsy

of a metastatic lesion. Thus, accuracy, sensitivity, or

specificity for neither of the biopsy procedures could not be

reported. However, it was made a head-to-head comparison

of EUS-FNA and US-CNB in solid pancreatic lesions. The

mean size of the lesions and frequency of location in a

different part of the pancreas were similar in both groups,

which made the comparison more straightforward. In a

similar way, the rates of pancreatic malignancy and chronic

pancreatitis were also comparable in both groups. In the

present study, patient follow-up was not included. There-

fore, the histopathological diagnoses was not clinically

confirmed.

In conclusion, it was demonstrated that both techniques

were safe and technically successful; however, US-CNB

had a higher diagnostic yield.
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