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Abstract
BACKGROUND
The introduction of fine needle biopsies (FNB) to clinical practice presents a changing

trend towards histology in the endoscopic ultrasound-guided tissue acquisition (EUS-

TA).

AIM
To evaluate the clinical performance of a new FNB needle, the 22-gauge (22G) Franseen

needle, when sampling pancreatic solid lesions.

METHODS

Consecutive patients with an indication for EUS-TA for the assessment of pancreatic solid
lesions were included in this prospective, single-center, single-arm trial. Each patient
underwent a puncture of the lesion two times using the 22G Franseen needle and the
obtained samples were directly placed into formalin for histological analysis. The
primary study endpoint was the rate of high-quality obtained specimen. Secondary
endpoints included the length and diameter of the core specimen, the diagnostic accuracy

and the complication rate.

RESULTS

From June 2017 to December 2018, forty patients with pancreatic solid lesions (22 females;
mean age 67.2 years) were enrolled. Tissue acquisition was achieved in all cases. High-
quality histology, rated with Payne score 3, was obtained in 37/40 cases (92.5%) after two
needle passes. The mean size of the acquired histological core tissue was 1.54 mm x 0.39
mm. The diagnostic accuracy for the correct diagnosis was 85% (34/40). Only one adverse

event was occurred, consisting of a self-limiting bleeding in the puncture site.

CONCLUSION
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The 22G Franseen needle achieved according to our standardized protocol a high rate of
histological core procurement, and a high diagnostic accuracy, with one minor adverse

event reported.
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Core Tip: Endoscopic ultrasound-guided tissue acquisition (EUS-TA) has been
established in the evaluation of pancreatic masses and recently developed fine needle
biopsy (FNB) needles improve the diagnostic yield of EUS-TA providing tissue blocks for
performing immunohistochemistry and flow cytometry. We prospectively evaluated the
Franseen needle when sampling pancreatic solid lesions. EUS-FNB with the 22-gauge
Franseen needle achieved a high rate of histological core procurement and high
diagnostic accuracy after only two passes and flushing out the acquired samples directly
into formalin, without a rapid on-site evaluation by a cytopathologist or macroscopic on-

site evaluation by the endoscopist.

4127



INTRODUCTION

Endoscopic ultrasound-guided tissue acquisition (EUS-TA) has been established and is
being widely used for the evaluation of pancreatobiliary masses, metastases to the liver
and adrenal gland, neoplastic subepithelial gastrointestinal lesions and peri-intestinal or
mediastinal lymph nodes[1]. EUS-guided fine-needle aspiration (EUS-FNA) has been
traditionally used for EUS-TA based mostly on cytological evaluation.

Although EUS-FNA is considered to be very safe and have a high diagnostic accuracy,
its most important limitation is the poor capability to provide tissue blocks for
performing immunohistochemistry, flow cytometry and molecular analysis.
Nevertheless, retention of tissue architecture and morphological characterisation of
certain neoplasms (e.g., presence of desmoplastic fibrosis in pancreatic cancer) may be
required for individualized tumour therapy in the future[2-5]. Performing rapid on-site
evaluation (ROSE) may improve the adequacy of FNA specimens and reduces the
number of passes required[6-9]. Nevertheless, the presence of an onsite cytopathologist
makes the procedure more time consuming and costly and is therefore not very common
in European countries.

In recent years, fine needle biopsy (FNB) has been introduced in order to obtain
samples with preserved tissue architecture. The FNB needle designs include reverse
bevel needle (Echotip ProCore, Cook Medical), fork-tip needle (SharkCore, Medtronic)
and Franseen-type needle (Acquire, Boston Scientific)[1,10].

One of the most recent introduced FNB needles mentioned above, the Franseen needle
(Acquire, Boston Scientific) with three-pronged cutting edges (Franseen geometry), has
been reported to acquire histological core tissue with a rate from 89.8% to 97.2%[5,11-28].
Therefore, we conducted this prospective single arm study to evaluate the quality of
histologic tissue obtained with a predetermined biopsy protocol during EUS-guided

sampling of pancreatic solid masses with the 22-gauge (22G) Franseen needle.

MATERIALS AND METHODS

Study design and endpoints
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We performed a prospective, single-center, single-arm study of patients undergoing EUS-
FNB with the 22G Acquire needle for pancreatic solid lesions at the Department of
Interdisciplinary Endoscopy of the University Hospital in Marburg, Germany from June
2017 to December 2018. The study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki as reflected in a priori approval by the institution's human
research committee. The study was approved by the local ethical review board (Philipps-
Universitdat Marburg, study number 174/16) and was registered at the ClinicalTrials.gov
database (ID: NCT03621852). Each patient provided written, informed consent for the
procedure and study participation.

The primary endpoint of our study was the percentage of cases in which the obtained
specimen was regarded by the pathologist as representative (score 3). The quality of the
histological specimens was rated with scores from 0 to 3, [0, non-representative; 1,
representation questionable (poorly preserved, crush artefacts, overlapping cell groups);
2, representation limited (scant amount of diagnostic cells); 3, representative], as
modified from Payne et al[29].

Secondary endpoints included: (1) the length and diameter of the core specimen; (2)
the rate of correct diagnosis of the obtained material (diagnostic accuracy for malignancy
vs non-malignancy); and (3) the rate of procedure-related complications. The gold
standard criterion for definite diagnosis was considered as one or more of the following;:
(a) definite cytopathological analysis based on EUS-FNB; (b) surgical resection; and (c)
clinical follow-up up to 12 mo. The procedure-related complications included bleeding,

perforation, acute pancreatitis or death up to 24 h after the intervention.

Patients and data collection

All the patients, between 18 and 85 years old and with an indication for EUS-TA for the
assessment of pancreatic solid lesions were included. Patients were excluded if they were
undergoing EUS-TA of a cystic lesion without solid tissue or had a coagulopathy (Quick
time < 40% or platelets < 40 G/L) or poor performance status (American Society of

Anesthesiologists physical status classification - ASA IV).
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For all patients, the following parameters were recorded: Basic characteristics (age,
gender, body mass index), symptoms (pain, jaundice, inappetence, weight loss),
laboratory data (complete blood count, liver enzymes, international normalised ratio)
and available imaging studies prior to EUS. Following procedural or lesion-related
characteristics were also recorded: size, location and echogenicity of the lesion, dose of
propofol administered for sedation, size of core specimen of each needle pass,
cytological/histological quality of the material, cytohistological analysis result, final
diagnosis and postinterventional complications. Follow-up was performed by telephone

interviews and hospital visits.

Procedure and specimen preparation

All procedures were performed under conscious sedation by means of intravenous
propofol administration with a linear array echoendoscope (GF-UCT180, Olympus
Europa, Hamburg, Germany) connected to a processor featuring the colour Doppler
function (EU-ME2, Olympus Europa, Hamburg, Germany) by two experienced
endoscopists.

After careful evaluation of the lesion with EUS and exclusion of vessel interposition
along the puncture route, using the colour Doppler function, the targeted lesion was
punctured by the study needle. After the needle had successfully entered the lesion, its
stylet was removed and suction was applied using a 10 mL syringe, followed by 5 to 10
needle movements back and forth. The needle was withdrawn from the lesion, after
suction has been released. The puncture was repeated two times according to the
standardized study protocol. The obtained samples from the two passes were directly
placed into formalin for histological analysis using air flushing as well as by reinsertion
of the stylet into the needle. No further passes were undertaken. The acquired material
was completely paraffin embedded and cut to obtain haematoxylin-eosin stained sections.

If necessary, further special stainings were performed.

Statistical analysis
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Previous studies evaluating the Franseen needle reported a probability of obtaining high-
quality histologic material of approximately 90%. The required sample size of 40 patients
was calculated to provide power > 95% (type Il error < 5%) for detecting the probability
of obtaining high-quality histological material, which exceeds 70%.

Datasets were compiled by using Microsoft Excel and statistical analysis was
performed using R version 3.4.1 software [R Core Team (2017). R: A language and
environment for statistical computing. R Foundation for Statistical Computing, Vienna,
Austria.]. Continuous variables are presented as means with standard deviation or
medians with range. Categorical variables are presented as absolute values and
percentages. For proportions, 95% confidence intervals were calculated using exact
methods as implemented in the Hmisc add-on package [Frank E Harrell Jr, with
contributions from Charles Dupont and many others. (2019). Hmisc: Harrell
Miscellaneous. R package version 4.2-0]. Test-performance measures (sensitivity,
specificity, predictive values) were calculated for the diagnosis of malignancy in needle
biopsy compared to our gold standard for definite diagnosis. Of note, a definite diagnosis
of malignancy in needle biopsy was counted as a definite final diagnosis in our definition
of gold standard -motivated by clinical practice and pragmatism-, which means that false
positive results were not possible, resulting in perfect specificity and positive predictive
value per definitionem. The statistical methods of this study were reviewed by Lutz P

Breitling from Philipps-Universitdt Marburg.

RESULTS
Patients’” demographics and baseline characteristics
From June 2017 to December 2018, 40 patients (18 males and 22 females) with a mean age
of 67.2 years were enrolled in our study (Figure 1). Patients” demographics and baseline
characteristics are presented in detail in Table 1.

About 2/3 (67.5%) of the pancreatic lesions were located in the head of the gland, 8
(20%) were located in the body, and 5 (12.5%) were located in the tail. The mean lesion

size was 31.5 mm. As shown in Table 2, a final diagnosis of pancreatic adenocarcinoma
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was made in 23 patients (57.5%), pancreatic metastases of other malignancies in 6 patients
(15%), chronic pancreatitis in 3 patients (7.5%), and serous cystic neoplasm/serous
cystadenoma in two patients (5%). Six patients (15%) had a variety of other diagnoses.
The final diagnosis was confirmed based on definite EUS-FNB histological evaluation
only in 21 patients (52.5%), surgery in 8 patients (20%), on both definite EUS-FNB and
surgery in 5 patients (12.5%) and based on clinical follow-up up to 12 mo in 6 patients

(15%).

Primary and secondary outcomes

Technically successful advancement of the study needle into the target lesion and tissue
acquisition was achieved in 36/40 cases (90%). As shown in Table 3, material for histology
was obtained in all 40 cases (100%). High-quality histology, rated with score 3, was
obtained in 37/40 cases (92.5%) after two needle passes. The mean size of the acquired
histological core tissue was 1.54 mm x 0.39 mm. Immunhistochemistry staining was
performed in 12/40 cases (30%) to confirm the diagnosis in a lymphoma, in suspected
metastatic lesions and in indeterminate cases (Figure 2).

A correct diagnosis, compared to the gold standard, was achieved in 34/40 patients
(85%). Missed cases included 5 pancreatic adenocarcinomas -3 of them were
misinterpreted as chronic pancreatitis in EUS-FNB- and a pancreatic metastasis of a
neuroendocrine tumour originating from the ileum. In two out of six missed cases the
obtained sample was not of high quality (Payne score 0 and 1) and in four cases the needle
did not obviously enter the targeted lesion. In four out of six missed cases the correct
diagnosis was confirmed by surgical resection. In another one was confirmed by follow-
up interval imaging because the patient used best supportive care measures. The last one
was confirmed by follow-up interval imaging and an interval EUS-guided FNB once
again.

Only one early-adverse event was occurred, consisting of a self-limiting bleeding in the
puncture site in a patient with recurrence of a pancreatic adenocarcinoma. There were no

late adverse events reported in any of our patients.

9/27



DISCUSSION

The introduction of the following three FNB needles to clinical practice in recent years
presents a changing trend in EUS-TA. The reverse bevel needle (Echotip ProCore, Cook
Medical) has a laterally placed, reverse facing bevel. In contrast, the Fork-tip needle
(SharkCore, Medtronic) and the Franseen-type needle (Acquire, Boston Scientific) both
have an opposing bevel design; the Fork-tip needle has two opposing bevels and the
Franseen-type needle has three opposing bevels.

According to a meta-analysis by Bang et al[30] there is no evidence to support the
superiority of ProCore over the standard FNA needle in the subgroup analysis of
pancreatic mass lesions with regards to diagnostic accuracy (87% wvs 85.3%) and
histological core tissue procurement (79.2% vs 83.1%), except for establishing a diagnosis
with fewer passes (standardized mean difference -1.03, P < 0.001). In contrast to the
previous meta-analysis there is data supporting the superiority of the second-generation
FNB needles (Franseen and Fork-tip) to FNA regarding the sample adequacy, even
without ROSE. Facciorusso et al[21] reported in their meta-analysis a rate of histological
core procurement and diagnostic accuracy of 92.5% and 95%, using the Franseen and the
Fork-tip needle respectively, with no difference between the two needles. Sample
adequacy in targeting pancreatic masses was superior with the two FNB needles over
FNA and number of passes was significantly lower in comparison to FNA. Another
recently published meta-analysis[31] reported no difference in the diagnostic yield rate
between the Franseen and the Fork-tip needle (92.8% vs 92.7%, P = 0.98), giving similar
results in the subgroup analysis of studies with and without ROSE (95.9% without ROSE
vs 93.7% with ROSE), though there was no subgroup analysis of the results when
targeting pancreatic lesions. Furthermore, the number of needle passes performed to
obtain a successful sample was comparable between both needles.

Our study showed 90% technical success rate of EUS-FNB using the 22G Franseen
needle and produced a 92.5% rate of high-quality histological tissue procurement

(defined as Payne Score 3) according to a standardised protocol, namely only two needle
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passes, placing the obtained material directly into formalin without assessment of an on-
site cytopathologist, as well as without macroscopic on-site evaluation (MOSE) by the
endoscopist, taking into consideration that a visible core tissue does not always correlate
with a true histologic core (tissue distortion, blood clot or necrosis). A correct diagnosis
was rendered in 34/40 (85%) patients. Immunhistochemistry staining was performed in
12/40 cases (30%), where indicated.

Among prospective studies evaluating the Franseen needle alone[22,23], prospective
comparative studies evaluating the Franseen needle vs FNA[5,27,28] and a prospective
comparative study evaluating the Franseen needle vs Fork-tip needle[12], three
studies[5,12,27] included only pancreatic lesions. In the other three studies[22,23,28]
pancreatic lesions represented between 52% and 81% of the targeted lesions. Sugiura et
al[23] prospectively assessed the 25G Franseen needle, whereas all other trials assessed
the 22G Franseen needle.

Like our standardised protocol of only two passes, a predetermined number of passes
was performed by the following trials. Mita et al[22] performed three passes, reporting
an acquisition rate of adequate specimen for histological assessment (cellularity score >
4) of 90.7% on the first pass and 98.7% on the best of three passes. Sugiura et al[23]
performed one pass with the 25G Franseen needle, resulting in an acquisition rate of
adequate specimen for histological assessment (cellularity score > 4) of 81.5% when
targeting pancreatic lesions. Leung et al[19] performed after one pass MOSE and if no
macroscopic core was visualized a second pass was performed. In 93% of the targeted
lesions a core histology was obtained and the final correlation of MOSE and histologic
core was 94%, suggesting that MOSE could be interestingly a potential practical
alternative to ROSE. In the comparative study (Franseen vs FNA) of Matsuno et al[27] one
pass was performed with the Franseen needle and one pass with the FNA, resulting in a
rate of adequate tissue obtained of 89.3% with the Franseen needle and 62.5% with the
standard needle. Finally, Asokkumar et al[28] performed three passes for pancreatic
lesions using each needle (Franseen and FNA), reporting that FNB obtained histological
core tissue more frequent than FNA (97% vs 77%, P = 0.03). In spite of the different
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definitions of an adequate tissue sample in the previously mentioned studies, Franseen
needle achieved high rates (> 80%) of acquisition of high-quality histological samples on
the basis of a predetermined low number of passes (1-3). These data are comparable to
our study resulting in a high-quality histological tissue procurement of 92.5% performing
two passes and flushing out the acquired samples directly into formalin. However, we
consider that further prospective studies with a standardised protocol of a predetermined
low number of needle passes are required to draw a conclusion about the need of rapid
on site evaluation.

We showed in our study a diagnostic accuracy of 85%, whereas the diagnostic accuracy
for pancreatic lesions in other series was reported between 90% and
97.9%[5,11,14,16,18,19,24,26,28]. Bang et al[5] reported a significantly higher diagnostic
accuracy of Franseen needle over FNA needle (97.8% vs 82.6%, P = 0.03), whereas three
other series demonstrated an equal to higher diagnostic accuracy, though not
significantly[14,26,28].

EUS-FNB is a safe diagnostic tool. Consistently with the frequency of adverse events
reported in other series[11-28] and recently published meta-analyses[21,31], between 0%-
4%, we experienced only one self-limiting bleeding as adverse event in our study (2.5%).

The strengths of the present study are its prospective design, the enrolment of patients
with only pancreatic solid lesions and the fact that all procedures were performed by
three experienced endoscopists. Nevertheless, it bears the limitation of only one

participating centre.

CONCLUSION

In conclusion, our study showed a high rate of histological core procurement, adequate
for interpretation, as well as high diagnostic accuracy, with only one minor adverse event
reported. This study may suggest that two needle passes with the Franseen needle,
submitting the obtained material directly into formalin and without visible assessment
by the endoscopist or access to on-site cytopathologist are adequate for establishing a

correct diagnosis during the evaluation of pancreatic solid lesions.
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Figures and Tables
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Figure 1 Study flow diagram.
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Figure 2 Endoscopic ultrasound and histology images of two lesions. A: Endoscopic
ultrasound-fine needle biopsies (EUS-FNB) of a pancreatic metastasis of a non-small-cell
lung cancer; B: The corresponding hematoxylin-eosin (H&E) staining (100 %), showing a
cluster of small tumor cells, high nuclear to cytoplasm ratio and crush artifacts; C: The
immunohistochemistry for TTF-1 reactive in the nuclei of tumor. D: EUS-FNB of a

pancreatic adenocarcinoma with the Franseen needle; E: The corresponding H&E
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staining (100 %), showing characteristic infiltrating glands with tumor cells with nuclear

hyperchromatism, pleiomorphism and prominent nucleoli in a cell block.
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Table 1 Patients” demographics and baseline characteristics

Parameter Value
No. of patients 40

Age (yr), mean (SD) 67.2 (13.8)
Sex, n (%)

Male 18 (45)
Female 22 (55)
BMI (kg/m?) 243 (5.1)

Presenting symtomy(s), n (%)
Pain 15 (37.5)
Weight loss 23 (57.5)
Jaundice 9 (22.5)
Anorexia 16 (40)
Propofol sedation dose (mg)!, mean (SD) 436 (201)
Examination prior to EUS
Abdominal ultrasound 3 (7.5)
CT 25 (62.5)
MRI 9 (22.5)
PET/CT 3(7.5)

Data available in 36/40 patients. BMI: Body mass index; EUS: Endoscopic

ultrasonography; SD: Standard deviation; CT: Computed tomography; MRI: Magnetic

resonance imaging; PET/CT: Positron emission tomography/computed tomography.
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Table 2 Lesion characteristics

Parameter Value
Location in pancreas, 1 (%)
Head 27 (67.5)
Body 8 (20)
Tail 5 (12.5)
Size max (mm), mean (SD) 31.5 (12.3)
Echogenicity on EUS, n (%)
Hypoechoic 34 (85)
Isoechoic 3(7.5)
Hyperechoic 0
Non-homogeneous 3(7.5)
Final diagnosis, n (%)
Pancreatic adenocarcinoma 23 (57.5)
Pancreatic metastases! 6 (15)
Chronic pancreatitis 3(7.5)
Serous cystic neoplasm/serous cystadenoma 2(5)
Pancreatic NET 1(2.5)
Lymphoma 1(2.5)
Solid pseudopapillary neoplasm 1(2.5)
Acinar cell carcinoma 1(2.5)
Mucinous cystic neoplasm 1(2.5)
Intrapancreatic accessory spleen 1(2.5)
Gold standard method, n (%)
Definite EUS-FNB 21 (52.5)
Definite EUS-FNB + surgery 5 (12.5)
Surgery 8 (20)
Clinical follow up 6 (15)
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Hleum-NET (n = 2), lung cancer (n = 2), renal cell carcinoma (n = 1), paraganglioma (n =
1). EUS-FNB: Endoscopic ultrasound-guided fine needle biopsy; NET: Neuroendocrine

tumour.
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Table 3 Technical characteristics and outcomes of endoscopic ultrasound-fine needle

biopsies

Parameter Value

Needle passes/patient, 1 (%) 2 (100)

Acquired histology, n (%) 40 (100)

Immunhistochemistry, n (%) 12 (30)

Histologic quality (Payne score), n (%)
Score 0 (needle pass 1/needle pass 2/overall) 1(2.5)/1(2.5)/1(2.5)
Score 1 (needle pass 1/needle pass 2/overall) 2(5)/3(7.5)/1(2.5)
Score 2 (needle pass 1/needle pass 2/overall) 3(7.5)/3(7.5)/1(2,5)

)

Score 3 (needle pass 1/needle pass 2/overall

Histologic quality, median (range)

Acquired high quality histology?, n (%)
Needle pass 1/needle pass 2/overall

Length of the biopsy cylinder (mm), mean (SD)
Needle pass 1/needle pass 2/overall

Diameter of the biopsy cylinder (mm), mean (SD)
Needle pass 1/needle pass 2/overall

Diagnostic accuracy

Sensitivity

Specificity

Positive predictive value

Negative predictive value

Complications, 1 (%)

34 (85)/33 (82.5)/37 (92.5)
2.85 (0-3)

34 (85)/33 (82.5)/37 (92.5)

1.56 (0.9)/1.5 (0.9)/1.54 (0.9)

0.41 (0.1)/0.38 (0.1)/0.39 (0.1)
85%2/89.2%3

78%

100%

100%

53%

1(2.5)4

Defined as Payne score 3; 2In all patients (n = 40); 3In patients with an available high

quality (Payne score 3) histological specimen (1 = 37); 4self-limiting bleeding at puncture

site.
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