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Abstract

Introduction—The role of EUS-guided FNA as a highly sensitive modality in the diagnosis of 

pancreatic adenocarcinoma is well documented. However, there is little published data on the role 

of EUS-FNA in diagnosing pancreatic neuroendocrine tumors (NETs).

Objective—The aim of this study is to compare the sensitivity of EUS-FNA to that of CT-FNA 

for diagnosing pancreatic NETs.

Methods—This is a single institution retrospective analysis of the operating characteristics of 

EUS-FNA and CT-FNA in detecting pancreatic NETs. Only patients with a final diagnosis of 

pancreatic NET were selected for this study. Procedure related data, including tumor size and 

location, and presence of a cytotechnologist were recorded. The results of each FNA were 

compared to the final clinico-pathological diagnosis to calculate sensitivity.

Results—Twenty-eight patients undergoing FNA (19 by EUS, 9 by CT) were analyzed. NETs 

diagnosed by EUS-FNA were smaller compared with CT-FNA (2.7 ± 0.9cm vs. 6.5 ± 2.1cm, p = 

0.009) and were more often found in the pancreatic head (47.4% vs. 11.1%, p = 0.035). There 

were no significant differences in sensitivity between EUS-FNA and CT-FNA specimens (73.7% 

vs. 88.9%, p = 0.33).

Conclusion—EUS-guided FNA is as sensitive as CT-guided FNA in diagnosing pancreatic 

NETs, but its main advantage is in the diagnosis of smaller pancreatic NETs in the head of the 
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pancreas. It may also be the preferred approach in the diagnosis of multifocal pancreatic NETs in 

the setting of MEN I Syndrome.

Keywords

Endoscopic Ultrasound; Computed Tomography; Fine Needle Aspiration; Pancreatic 
Neuroendocrine Tumor

Introduction

Neuroendocrine tumors (NETs) include a broad group of pancreatic neoplasms, including 

insulinoma, gastrinoma, glucagonoma, somatostatinoma, and carcinoid tumors. Patients with 

NETs usually present with symptoms related to the hypersecretion of peptides or biogenic 

amines which also help to characterize the particular pancreatic NET. However, 15–30% of 

NETs are nonfunctioning, and these may be discovered incidentally in asymptomatic 

patients, or they may present as a symptomatic mass [1]. Pancreatic NETs, in addition to 

parathyroid adenomas and pituitary tumors, can be found in the setting of multiple endocrine 

neoplasia type 1 (MEN-1) disease, occurring in 30–75% of MEN-1 patients when assessed 

by clinical screening methods, and approaching 100% in autopsy series [2].

Compared to the poor long-term survival seen with adenocarcinoma of the pancreas, the 

overall five-year survival for patients with pancreatic NETs is ~60–97%, depending on the 

type of NET and whether there is an association with MEN-1 [3]. For patients with MEN-1, 

the overall ten-year survival is 94% [2]. Therefore, making a tissue diagnosis on a pancreatic 

lesion can convey valuable prognostic information and help determine when surgical 

intervention might be curative.

Endoscopic ultrasound (EUS) has been shown to be a highly accurate technique for the 

visualization of small functioning neuroendocrine tumors not evident on computed 

tomography (CT) and for detecting the presence of multiple lesions in patients with MEN-1 

syndrome [4]. Furthermore, endoscopic ultrasound-guided fine needle aspiration (EUS-

FNA) has shown high safety, sensitivity, specificity, and accuracy in the diagnosis of general 

pancreatic lesions and pancreatic NETs [5–26]. Previous studies have shown that EUS-FNA 

demonstrates comparable accuracy relative to ultrasound-guided fine needle aspiration (US-

FNA) and computed tomography-guided fine needle aspiration(CT-FNA) in the diagnosis of 

general pancreatic lesions, and resulted in greater accuracy than both in evaluating lesions 

less than 3 cm after controlling for location [5, 6]. However, few studies have evaluated the 

accuracy of EUS-FNA compared to US-FNA or CT-FNA in the diagnosis of PNETs 

specifically. Only one prior, smaller study evaluated EUS-FNA and CT-FNA of endocrine 

tumors of the pancreas, but its objective was to compare the cytologic features of islet cell 

tumors obtained by these two modalities, and no statistical comparison was made [27]. The 

present study aims to compare the operating characteristics of EUS-FNA and CT-FNA in the 

diagnosis of pancreatic NETs.
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Methods

Patient Identification

This is a single institution, retrospective study of the operating characteristics of EUS-FNA 

and CT-FNA in diagnosing pancreatic NETs. We used a computer-generated cytology 

database to identify patients who had undergone FNA of the pancreas at the UCLA Medical 

Center from January 1992 to April 2006. A large date range was used in order to maximize 

the number of cases that could be included in this study. While fine needle aspiration is not 

an uncommon procedure, our inclusion criteria required a final diagnosis of neuroendocrine 

tumor, a much rarer diagnosis. These patients’ records were reviewed to determine: (1) The 

modality used to perform the FNA, (2) A cytologic diagnosis, if one was made, and (3) A 

final diagnosis of the pancreatic lesion, if available. All patients with a final diagnosis of a 

pancreatic NET, whether or not cytologic diagnosis was made, were included in the study. A 

final diagnosis of a pancreatic NET was made based on at least one of the following criteria: 

(1) Histopathology of a surgical resection specimen or CT-guided core biopsy, (2) A known 

history of MEN-1, (3) Follow-up of at least 12 months to assess for new manifestations or 

progression of disease, or (4) Cytological diagnosis of NET from the FNA itself. This last 

criterion was used only if none of the first three criteria could be met. We assumed 100% 

specificity for the FNA diagnosis of pancreatic NET based on prior use of this methodology 

[28].

For each case, the medical record was reviewed and cytopathologic, imaging, and procedural 

data were collected. The procedure report was reviewed to record the characteristics of the 

lesion, number of FNA passes, evidence of local mass invasion and, in the case of EUS, 

whether a cytotechnologist was present during the procedure to determine specimen 

adequacy. Size was recorded based on the longest dimension of the mass. Location was 

categorized as head/uncinate, body, or tail. Radiologic reports were used to assess location 

and size of the pancreatic lesions, as well as for evidence of local and/or distant metastases.

EUS-guided and CT-guided FNA techniques

EUS was performed using a Pentax (Pentax Precision Instruments Corporation, Orangeburg, 

New York) or Olympus (Olympus America, Melville, New York) linear array 

echoendoscope (5.0–7.5 MHz). After EUS localization, fine needle aspiration was 

performed using a 22-gauge needle (Wilson-Cook Medical Incorporated, Winston-Salem, 

North Carolina) either transgastrically or transduodenally (Figure 1). CT-guided FNA was 

performed by either direct coaxial or tandem needle technique28 using a 22-gauge needle 

(Somatex Medical Technologies GmbH, Teltow, Germany) (Figure 2). A cytotechnologist 

was present during all CT-FNA procedures to assure specimen adequacy.

Cytologic Material Preparation and Examination

Cytologic material was placed onto a glass slide and thin smears were prepared. If a 

cytotechnologist was present during the procedure, the sample was stained immediately 

using the rapid Papanicolau technique. The presence or absence of a cytotechnologist during 

EUS was determined by whether the endosonographer felt beforehand that a particular case 

would benefit from their presence. All cytologic specimens were interpreted by a staff 
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cytopathologist, and these reports were used in this study (Figures 3 and 4). In this study, 

only specimens specifically called NET on cytology were deemed positive. All other non-

benign readings (atypia, suspicious, non-diagnostic) were considered negative cytologic 

results.

Statistics

The operating characteristics of EUS-FNA and CT-FNA including accuracy and sensitivity 

were calculated using SSPS 10.0 software (SSPS, Chicago, Illinois). All analyses were two-

tailed, and statistical significance was accepted as p < 0.05. Because there were no true 

negative or false positive results by FNA, specificity could not be calculated, and positive 

and negative predictive values could not be compared.

Results

A total of 498 FNA procedures of pancreatic lesions were identified using the cytology 

database. From this database, 29 cases from 28 patients had a final diagnosis of NET by the 

aforementioned criteria. One patient had a repeat CT-FNA procedure to evaluate residual/

recurrent disease after chemotherapy; this patient was not counted twice in the data analysis. 

There were no FNA cases in the database in which the cytology was positive for NET but 

subsequent follow-up revealed a benign condition or other type of tumor. Long-term follow-

up (median 18 months, range 6–132 months) was available in 25 patients.

Indications for pancreatic FNA included evaluation of a pancreatic cyst in 3 patients or a 

pancreatic mass in 25 patients. All 3 pancreatic cysts were evaluated by EUS-FNA whereas 

16 of the pancreatic masses were evaluated by EUS-FNA, and 9 were evaluated by CT-FNA. 

There was no significant difference in the proportion of masses or cysts in the CT-FNA vs. 

EUS-FNA group (p = 0.21). For the 25 patients with a pancreatic mass, 5 had an underlying 

diagnosis of MEN-1, 5 had evidence of metastatic disease of unclear primary and 2 had 

symptomatic hypoglycemia of unclear etiology. There were no significant differences in 

associated conditions or symptoms between the two groups (Table 1).

The clinical demographics, tumor characteristics, and methods of final diagnosis for the 28 

patients with pancreatic NETs are summarized in Table 2. Of the 28 patients, 19 underwent 

EUS-FNA and 9 underwent CT-FNA. No patient had undergone both procedures. Among 

the eleven EUS-FNA cases for which the procedure report documented the presence (n = 7) 

or absence (n = 4) of a cytotechnologist, there was no significant difference in sensitivity for 

detecting pancreatic NETs with a cytotechnologist present as compared to without one 

(71.4% vs. 100%, p = 0.17). In eight EUS-FNA cases, it was not specified whether a 

cytotechnologist was present. A cytotechnologist was present during every CT-FNA 

procedure. In the EUS-FNA group, the diagnosis of NET was confirmed by histopathology 

from the surgical and/or core biopsy specimen (n = 9), positive FNA cytology (n = 5), a 

history of MEN-1 (n = 3), and clinical course (n = 2). In the CT-FNA group, the final 

diagnosis of pancreatic NET was made by clinical course (n = 4), histopathology from the 

surgical and/or core biopsy specimen (n = 4), and a history of MEN-1 (n = 1). The patient 

who underwent CT-FNA twice had the final diagnosis made by the clinical course.
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Performance characteristics of EUS-FNA and CT-FNA are summarized in Table 3. There 

was no difference in the number of passes made between the two procedural modalities. 

EUS-FNA sampled more NETs located in the head compared to CT-FNA (47.4% vs. 11.1%, 

p = 0.017), and the mean size of lesions sampled by EUS-FNA was smaller (2.7 ± 0.9cm vs. 

6.5 ± 2.1cm, p = 0.009). There was no significant difference in sensitivity or accuracy 

(73.7% vs. 88.9%, p = 0.33) between EUS-FNA and CT-FNA for diagnosing pancreatic 

NETs.

On long-term follow-up of 25 patients, 13 had evidence of metastatic disease, including 2 

patients who died from it. Twelve patients had evidence of local disease with 7 undergoing 

surgical resection.

Discussion

Pancreatic NETs are rare, with an incidence of 0.4 per 100,000 and comprising 1–2% of all 

pancreatic neoplasms [2, 29]. However, despite their relative low prevalence, an increasing 

number of patients are being diagnosed with this condition owing to improvements in 

laboratory and radiological studies. A functioning NET can be diagnosed by the clinical 

presentation and laboratory testing. However, 15–30% of pancreatic NETs may not secrete 

functioning secretory products, and are discovered incidentally on imaging or as a result of 

mass effect producing symptoms. Because the overall prognosis is much better with 

pancreatic NETs as compared to adenocarcinoma, tissue confirmation of a pancreatic mass 

is the key to predicting the clinical course.

There are benefits of having tissue confirmation of a pancreatic NET and ruling out 

pancreatic adenocarcinoma in both advanced and localized disease. For advanced disease, in 

addition to the difference in prognosis between the two types of neoplasms, different 

approaches to surgery and medical management are taken. Whereas with pancreatic 

adenocarcinoma, in which the aims of surgical intervention are to prevent obstruction arising 

from the expanding lesion and to provide palliation, with locally advanced NETs a more 

aggressive approach, with the intent to achieve complete tumor resection, may be considered 

[30–33]. Furthermore, surgical resection of hepatic NET metastases may convey some 

survival benefit [34, 35]. Chemotherapy for locally advanced and metastatic pancreatic 

adenocarcinoma includes the combination of leucovorin, 5-flurouracil, irinotecan, and 

oxaliplatin (FOLFIRINOX) or gemcitabine and nabpaclitaxel [36]. The choice of 

chemotherapeutic agent for unresectable or progressive pancreatic NETs depends on the 

degree of differentiation – well-differentiated NETs are treated with everolimus, sunitinib, or 

streptozocin- or dacarbazine-based regimens, while the combination of cisplatin and 

etoposide is used on poorly-differentiated disease [37].

In the case of resectable pancreatic neoplasms, a pre-operative tissue diagnosis can affect the 

surgical approach. Adenocarcinoma localized to the head/uncinate is treated with a 

pancreaticoduodenectomy, and involvement of the body/tail is treated with a distal subtotal 

pancreatectomy usually in combination with splenectomy [30, 31]. With localized NET, the 

surgical approach depends on a number of tumor characteristics. Enucleation can be 

performed typically when there is a single, capsulated lesion, usually less than four 
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centimeters in diameter, that does not involve the main pancreatic duct [38]. In all other 

situations of localized NETs, the standard procedures are pancreaticoduodenectomy for 

head/uncinate lesions and distal pancreatectomy without splenectomy for body/tail lesions 

[39–41]. In patients with MEN-1, pancreatic NETs are usually multifocal, and intraoperative 

ultrasound is necessary [32, 42]. Localized disease in this case is treated with a distal 

subtotal pancreatectomy and enucleation of any tumors found in the head [33, 35].

To our knowledge, only one prior study has looked at EUS-FNA and CT-FNA in the 

evaluation of endocrine tumors of the pancreas [27]. However, this smaller study’s objective 

was to compare the cytologic features of pancreatic islet cell tumors and specimen adequacy, 

and it did not make any direct statistical comparison between the two FNA modalities. This 

current study is the first to compare the operating characteristics of EUS-FNA and CT-FNA, 

the two most commonly used non-surgical modalities used to obtain tissue from pancreatic 

lesions, in the diagnosis of pancreatic NETs. We demonstrate comparable sensitivity and 

accuracy between the two FNA methods, similar to studies evaluating pancreatic lesions as a 

whole [5, 6]. A notable finding in our study was that the mean size of pancreatic NETs 

sampled by EUS-FNA was significantly smaller than that of CT-FNA. Furthermore, almost 

half of NETs evaluated by EUS-FNA were located in the head region, whereas CT-FNA 

evaluated head NETs in just over ten percent of the cases. These findings suggest that EUS-

FNA may be advantageous over CT-FNA in that it can be used to accurately diagnose 

smaller NETs that tend to be located in the pancreatic head. This inference is supported by 

the findings of Mallery et al. when they compared tissue sampling of all types of pancreatic 

mass lesions by EUS, CT/ultrasound, and surgery, and found that the mean size of the 

sampled masses were significantly smaller in the EUS-FNA group [5]. Although not 

statistically significant, they also noted that the EUS group had a higher proportion of head 

lesions compared to the CT/ultrasound and surgery groups.

This finding of EUS-FNA being potentially advantageous over CT-FNA in the diagnosis of 

smaller NETs in the pancreatic head has particular implications in the diagnosis and 

treatment of MEN-1. MEN-1 patients with pancreatic NETs may have multiple small tumors 

existing throughout the pancreas rather than a single lesion [32]. Precise determination of 

disease extent and accurate cytologic diagnosis is essential in these scenarios as it may 

significantly affect therapeutic approach. These smaller lesions may be completely missed 

on conventional imaging, inaccessible on CT-FNA, or inaccurately diagnosed via the 

aforementioned approach, leading to suboptimal treatment. As mentioned earlier, EUS is the 

preferred modality in the pre-operative localization of these smaller multifocal tumors and 

has the added advantage of being able to use EUS-FNA to obtain a cytologic diagnosis [4]. 

Our results suggest that while not 100% sensitive, EUS-FNA can accurately diagnose these 

smaller lesions, especially if they are located in the pancreatic head. Thus we recommend 

that EUS-FNA be the preferred approach in the workup of pancreatic NETs in MEN-1 given 

the risk of multifocal disease.

There are a few limitations in our study design that warrant mention. First, this is a 

retrospective study of an uncommon disease; therefore, we could not control for a number of 

variables when comparing the two FNA methods. From the medical records, it is not clear 

why one FNA method was chosen over the other for any particular patient. There were also 
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no significant differences in the preoperative characteristics of each group. However, more 

CT-FNAs occurred earlier in the study, and more EUS-FNAs occurred later as this 

technology became more easily accessible. It is also possible that pre-procedural localization 

of the mass in the pancreatic head instead of the tail prompted preferential selection of EUS-

FNA over CT-FNA as the closer proximity of the pancreatic head to the enteric lumen 

relative to the tail could theoretically allow easier access via EUS-FNA over CT-FNA. The 

second limitation is the varied skill and experience of the endosonographers and radiologists 

performing the study. EUS and EUS-FNA results are highly operator dependent, and 

performance by an inexperienced endosonographer can result in less reliable results. In our 

study, all procedures were performed by experienced endosonographers, so our results may 

only be applicable to other institutions possessing EUS expertise. Third, since many patients 

were referred from outside our institution, obtaining complete follow-up in our patients was 

limited. Eight of the 19 patients who underwent EUS-FNA had their final diagnosis of 

pancreatic NET based on the FNA itself. At our institution, false-positive specimens on 

cytology are rare. Based on this fact and a prior study by Fritscher-Ravens et al, we assumed 

100% specificity for the FNA procedure, and we used this criterion for a final diagnosis 

when no other means of confirming the cytologic diagnosis was available [28]. This is not 

the ideal method for confirming a neoplastic process, as histopathology and the patient’s 

clinical course generally are more accepted means of diagnosis. Finally, documentation of 

whether a cytotechnologist was present during EUS-FNA occurred in only 11 of the 19 

cases. This small number makes it difficult to interpret the effect that a cytotechnologist may 

have had on the accuracy of the procedure. Our limited data would suggest, 

counterintuitively, that the accuracy is higher when one is not present.

In our study, FNA results including suspicious, atypia, and non-diagnostic were grouped 

together as negative for NET. Given that there was a relatively high false-negative rate for 

each FNA method, the results of the FNA should only be used clinically if there is positive 

diagnosis of NET. A non-NET finding on FNA, when there is a strong clinical suspicion of 

NET, should prompt further workup, including repeat biopsy and, in cases of localized 

disease seen on imaging, exploratory surgery. Furthermore, in addition to specific treatment 

of the NET, patients not previously known to have MEN-1 who are diagnosed with a 

pancreatic NET should undergo a work-up to evaluate for this syndrome due to the high 

frequency of pancreatic NETs in patients with MEN-1 [2]. This study suggests that the 

smaller tumor sizes and multifocal lesions observed in MEN-1 patients are more amenable 

to visualization and confirmation of histological grade via EUS-FNA.

In summary, our study shows that EUS-FNA and CT-FNA have comparable sensitivity for 

diagnosing pancreatic NETs. The main advantage of EUS-FNA may be its ability to 

accurately diagnose smaller NETs that tend to be located in the head of the pancreas. The 

results of FNA should only guide further clinical steps if there is a positive diagnosis of NET 

and patients diagnosed with pancreatic NETs should undergo workup for possible MEN-1. 

Future studies in a larger group of patients are warranted to confirm our initial findings and 

to determine if the presence of a cytotechnologist during the EUS-FNA procedure can 

improve the diagnostic sensitivity of EUS-FNA for pancreatic NETs.
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Figure 1. 
EUS-FNA illustrating extension of a needle (arrow) into a 2-cm pancreatic head cystic NET 

(arrowheads)
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Figure 2. 
CT image of an 11-cm pancreatic body NET undergoing FNA. The “crosshairs” indicate the 

proposed location for the needle to be inserted.
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Figure 3. 
Typical plasmacytoid appearance of a pancreatic NET with eccentrically located nuclei and 

finely granular cytoplasm (Diff-Quik 600x).
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Figure 4. 
Immunocytochemistry of a pancreatic NET staining positive (brown) for chromogranin 

(400x).
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Table 1

Preoperative Characteristics for Patients Undergoing FNA of a Pancreatic Mass

CT-FNA (n=9)* EUS-FNA (n=19) p-value

MEN-1 1 (11.1%) 4 (21.1%) 0.53

Metastatic disease 3 (33.3%) 2 (10.5%) 0.15

Symptomatic hypoglycemia 0 (0%) 2 (10.5%) 0.32

*
For the CT-FNA percentages are based on nine cases since one patient had a repeat CT-FNA.
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Table 3

Pancreatic NET Performance Characteristics by FNA Modality.

EUS-FNA (n = 19) CT-FNA (n = 9)* p-value

Size, cm (95% CI) 2.7 (1.8 – 3.6) 6.5 (4.4 – 8.6) 0.009

Percent head lesions 47.40% 11.10% 0.035

Number of passes (range) 2.5 (2.0 – 3.0) 2.3 (1.9 – 2.7) 0.39

Sensitivity, % (95% CI) 73.7 (48.6 – 89.9) 88.9 (50.7 – 99.4) 0.33

PPV, % (95% CI) 100 (73.2 – 100) 100 (59.8 – 100) NA

NPV (%, 95% CI) 0 (0 – 53.7) 0 (0 – 94.5) NA

Accuracy (%, 95% CI) 73.7 (48.6 – 89.9) 88.9 (50.7 – 99.4) 0.33

*
For the CT-FNA group, size and the percent of head lesions is based on nine cases since one patient had a repeat CT-FNA. NA, not available.
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