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ABSTRACT
Background and study aims There is no consensus on how to manage patients with a high probability of pancreatic cancer, based on 
their clinical presentation and imaging, but have a non-diagnostic endoscopic ultrasound - fine needle aspiration. Our aim was to evaluate 
the yield of a single or if necessary multiple endoscopic ultrasound - fine needle aspiration procedures for the cytological diagnosis of 
a pancreatic mass. Patients and methods Retrospective review of patients undergoing endoscopic ultrasound - fine needle aspiration 
for the evaluation of a pancreatic mass at an academic tertiary-care center. The cytological diagnosis for each procedure was classified 
as either “diagnostic” or “non-diagnostic.” Our protocol was to perform repeat endoscopic ultrasound - fine needle aspiration until a 
diagnostic result was obtained up to a maximum of 3 procedures. The final diagnosis was established on review of their cytopathology, 
clinical progression and/or surgical pathology. Results Between 2006 and 2010 there were 241 patients who underwent 288 endoscopic 
ultrasound - fine needle aspiration. Repeat procedures were undertaken in 43 (17.8%). The sensitivity of the initial endoscopic ultrasound 
- fine needle aspiration was 74.1%, which increased to 86.9% if repeat procedures were included. Pancreatic adenocarcinoma was the final 
diagnosis in 87.6% of patients. Inadvertent resection of benign lesions occurred in 6 (2.5%). On multivariate analysis, age >65 (OR 2.8, 
p=0.008) was the sole independent predictor of a diagnostic specimen. The operating characteristics of the first and repeated endoscopic 
ultrasound - fine needle aspiration were not significantly different. Conclusions Repeat endoscopic ultrasound - fine needle aspiration 
is appropriate in patients with an initial non-diagnostic result. Further investigation is required to determine techniques in which the 
diagnostic yield can be increased at the subsequent procedure.
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INTRODUCTION

Pancreatic cancer is the fourth leading cause of cancer 
death in the United States and it is projected that there will 
be 47,000 new cases in 2015 [1]. Pancreatic cancer has the 
lowest survival rate of all cancers with 74% of patients dying 
within the first year of diagnosis [1]. Surgical resection is the 
only potentially curative treatment for pancreatic cancer 
though this procedure carries a significant morbidity and 

mortality even if performed by experienced surgeons [2]. 
Early and accurate diagnosis impacts not only patients’ 
outcome and patients’ possible surgical candidacy, but 
also potential targeted chemotherapies. 

Endoscopic ultrasound (EUS) with fine needle 
aspiration (FNA) is considered the current gold standard 
for preoperative pancreatic cancer staging and tissue 
acquisition [3]. However, the sensitivity of EUS-FNA for 
pancreatic tumors is suboptimal and ranges between 
62% and 96% [4, 5].  The value of repeat EUS-FNA in 
patients with non-diagnostic EUS-FNA has not been 
well established. The aim of this study was to determine 
the yield of a single or if necessary multiple EUS-FNA 
procedures for the cytological diagnosis of a pancreatic 
mass at an academic tertiary-care center.

MATERIALS AND METHODS
The study was approved by the institutional review 

board (IRB) at Johns Hopkins Hospital (JHH) and complied 
with Health Insurance Portability and Accountability 
Act (HIPAA) regulations. All patients provided written 
informed consent to undergo EUS-FNA. We conducted 
a retrospective analysis of consecutive patients who 
underwent EUS-FNA of a pancreatic mass identified 
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of chronic pancreatitis), number of FNA passes, needle size, 
final cytolopathology report, final diagnosis and number of 
EUS-FNA procedures per patient were all recorded.

Statistical Analysis
Continuous variables were reported as means and 

standard deviation, while categorical variables were 
reported as proportions. Statistical analysis was performed 
by using SPSS software (version 16, Inc, Chicago, IL). The 
sensitivity, specificity, positive predictive value, negative 
predictive value and diagnostic accuracy of EUS-1, EUS-
2 and EUS-3 were calculated. Univariate analysis was 
performed using chi-square test for categorical variables 
and student’s t test for continuous variables. Multivariate 
analysis was performed using logistic regression to 
evaluate the predictive value of the variables which were 
significant in univariate analysis (p<0.05).

RESULTS
Study Population

Between January 2006 and October 2010, we identified 
249 patients with a pancreatic mass who underwent 
EUS-FNA. After review, 8 cases were excluded because of 
insufficient information in their electronic medical record 
to determine the final diagnosis. Therefore, 241 patients 
(133 male, mean age 65.6 ±12.5 years) comprised the 
study population. Of these, 82.2% (198/241) had only one 
procedure (EUS-1), 16.1% (39/241) had two procedures 
(EUS-2) and 1.7% (4/241) had three procedures (EUS-3). 
Hence a total of 288 EUS-FNA procedures were performed 
in our study population. 

Patient demographics and pancreatic mass 
characteristics are shown in Table 1. With regards to the 
location of the pancreatic mass, 64.7% were located in the 
head/neck, 9.5% in the uncinate, 19.2% were in the body, 
6.6% were in the tail. The mean maximum diameter of the 
mass was 31.3 ± 11.1 mm. The median number of passes 
during the EUS-FNA was 5 (1-15). 

The operating characteristics of EUS-FNA are 
summarized in Table 2. The sensitivity of EUS-1 was 74.1%. 
Repeating the EUS-FNA up to three times if necessary 
increased the sensitivity to 86.9%. There was no false 
positive EUS-FNA diagnosis of pancreatic adenocarcinoma. 
There were, however, 6 patients who underwent surgical 
resection despite a negative EUS-FNA and were found 
to have benign pathologies (5 chronic pancreatitis and 1 
autoimmune pancreatitis) on final diagnosis. Therefore, 
the rate of surgical resection for benign pancreatic masses 
in the entire cohort was 2.5%.

There were 43 patients who underwent 47 repeat EUS-
FNA (EUS-2 = 39, EUS-3 = 4) due to a non-diagnostic EUS-1. As 
the number of subjects for EUS-3 is too small to be analyzed 
alone, the operating characteristics EUS-2 and EUS-3 (EUS-
2/EUS-3) were combined for the purposes of comparison. 
The operating characteristics of EUS-2/EUS-3 were not 
significantly different to those of EUS-1 (Table 2). Of the 
47 repeat procedures performed, there was no statistically 

on CT or MRI presenting to JHH between January 2006 
and October 2010. Patients were identified using a 
prospectively updated electronic endoscopy database that 
was updated during the  follow-up period which continued 
until October 2012. All patients were referred for EUS-FNA 
on the basis of a clinical suspicion of pancreatic cancer. 
Patients with cystic tumors of the pancreas were excluded 
because of the different diagnostic algorithm for these 
patients. 

A linear array echoendoscope (GF-UC140P-AL5 or GF-
UC30P [Olympus America Inc, Center Valley, PA], or FG32-
UA or FG36-UX [Pentax Medical Corp, Montvale, NJ]) was 
used in all patients. EUS-FNA was performed with either a 
22-gauge or 25-gauge EchoTip Ultra [Cook Endoscopy Inc, 
Winston-Salem, NC]) or Expect [Boston Scientific, Natick, 
Mass] needle. The choice of the needle was at the discretion 
of the endoscopist. A cytopathologist was available on-site 
for preliminary interpretations of all FNA procedures. 
Passes were repeated until the cytopathologist confirmed 
adequate cellular yield or the endoscopist felt that further 
sampling would not safely increase the possibility of 
obtaining a diagnosis.

All procedures were performed by or under the 
supervision of experienced faculty endoscopists who had 
each performed greater than 500 EUS procedures. For 
the purposes of this study, the accuracy of EUS-FNA was 
categorized based on the final cytopathology report. The 
cytological diagnosis for each procedure was classified 
as either “diagnostic” or “non-diagnostic”. Diagnostic 
procedures obtained cells that were malignant, highly 
suspicious for malignancy, benign or consistent with 
chronic pancreatitis. Non-diagnostic procedures obtained 
cells that were either atypical or inadequate.

If EUS-FNA yielded a non-diagnostic result and the 
clinical suspicion for pancreatic cancer remained high, then 
our institutional protocol was to perform repeat EUS-FNA 
until a diagnostic result was obtained up to a maximum of 
3 procedures. The first procedure was termed EUS-1, the 
second EUS-2 and the third EUS-3. 

In this study the final diagnosis was established by 
careful review of electronic medical records. A final 
diagnosis of a pancreatic malignancy was based upon 
(a) cytologic or histologic evidence of malignancy from 
material obtained by EUS-FNA or alternative means (ERCP, 
surgical or percutaneous biopsy) or (b) clinical progression 
judged by evolving local invasion or metastatic disease on 
follow up CT or MRI or (c) death attributed to a malignant 
pancreatic lesion based upon clinical records if the cytology 
or surgical pathology results were inconclusive. A lesion 
was defined as being benign based upon EUS-FNA results, 
clinical follow-up, and lack of disease progression over 
a period of at least 6 months. Patients without adequate 
follow-up were excluded.

Demographic and clinical data such as age, gender, 
maximum diameter of pancreatic mass, EUS features of 
chronic pancreatitis (with ≥ 5/9 features being diagnostic 
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significant difference between the median number of FNA 
passes performed at EUS-1 (5, range 1-15) compared with 
EUS-2/EUS-3 combined (6, range 2-12) (p = 0.33).

Final Diagnosis of Pancreatic Mass Lesions

The final diagnoses of the pancreatic masses are shown 
in Table 3. Pancreatic adenocarcinoma as the final diagnosis 
was confirmed in 87.6%. Of these, 86.3% were primary 
pancreatic adenocarcinomas and the remaining 1.3% 
were metastatic adenocarcinomas to the pancreas. The 
three metastatic adenocarcinomas originated from renal 
cell (n=1), primary peritoneal (n=1) and unknown (n=1). 
There were 8 patients with premalignant pancreatic mass 
lesions that were not adenocarcinoma [IPMN (n=3), GIST 
(n=2), neuroendocrine tumor (n=2) and intraperitoneal 
liposarcoma (n=1)]. Chronic pancreatitis (n=15) was the 
most common benign lesion followed by focal fat necrosis 
(n=6) and autoimmune pancreatitis (n=1). 

Variable affecting EUS-FNA

The factors that were thought to influence the ability to obtain a 
diagnostic specimen are reviewed in Table 4. Univariate analysis 
revealed absence of ≥5/9 EUS features of chronic pancreatitis 
was more likely to result in a diagnostic specimen at EUS-FNA 
(85.1% vs. 65.4% p = 0.011). On the multivariate analysis, age 
was set as group ＞65 years old and ≤ 65 years old. Age >65 
(OR 2.8, 1.3-6.0 95% CI, p = 0.008) was confirmed to be an 
independent predictor of diagnostic EUS-FNA. The size of the 
mass, pancreatic duct dilatation to > 3 mm or the presence of 
a pre-existing biliary stent did not significantly influence the 
ability to gain a diagnostic specimen. 

 DISCUSSION

Despite EUS-FNA being the current gold standard for 
the diagnosis of a pancreatic mass, 6 to 30% of patients 
with clinical and imaging findings suggestive of pancreatic 
malignancy have negative cytology on EUS-FNA [6, 7]. 

There is no unanimously agreed approach on how to 
best manage these patients. Possibilities include CT-
guided biopsy, surgical resection and repeat EUS-FNA. 
CT-guided biopsy may result in tumor seeding into the 
peritoneum via spread of malignant cells through the 
needle tract [8]. Surgical resection is associated with 
considerable morbidity and hence should be exclusively 
reserved for malignant resection only [2]. The reported 
risks of repeat EUS-FNA in this population appears low [9-
11]. Additionally, as the risk of a false positive EUS-FNA 
is negligible [12-14], a repeat EUS-FNA may be the most 
attractive option.

We report on 241 consecutive patients with a suspicious 
pancreatic mass who underwent up to three EUS-FNA 
at our institution over a 5-year period. The majority of 
patients had their mass in the pancreatic head or neck. 
Pancreatic adenocarcinoma was confirmed in 87.7% of 
patients which is exceptionally high in comparison to 
other studies reporting EUS-FNA for pancreatic mass [15]. 
In patients who had a final diagnosis of pancreatic cancer, 
the sensitivity of EUS-1 was 74.1% and repeating the EUS-
FNA if necessary increased the sensitivity to 86.9%.

In our cohort, 10.4% of patients had a pancreatic mass 
for which surgical therapy would not be deemed necessary 

Table 4. Sub-group analysis of potential factors which may affect 
diagnostic yield at EUS-FNA.
Patient 
Characteristic 

Diagnosis 
obtained by EUS-

FNA

No diagnosis made 
by EUS despite one or 

more attempts

P value

N (%) 200 (82.9) 41 (17.1)
Age (mean ±SD) 76.2 ± 11.3 58.2 ± 15.2 <0.01
Gender
           Male
           Female

108 (44.8)
92 (38.2)

25 (10.4)
16 (6.6)

0.41

Pancreatic mass 
long axis (mean 
± SD)

31.6 ± 12.0 29.7 ± 8.3 0.35

Pancreatic duct 
dilatation >3mm
           Yes
           No

105 (43.6)
95 (39.4)

21 (8.7)
20 (18.3)

0.88

Presence of 
biliary stent
           Yes
           No

46 (19.1)
154 (63.9)

8 (3.3)
33 (13.7) 0.63

≥ 5/9 EUS 
criteria for 
Chronic 
Pancreatitis
          Yes
          No

17 (7.1)
183 (75.9)

9 (3.7)
32 (13.3) 0.01

Table 3. Final diagnosis of the pancreatic mass.
Final diagnosis of Pancreatic Mass Study Patients 

(n=241)
Primary pancreatic adenocarcinoma  (%) 208 (86.3)
Metastasis of adenocarcinoma to pancreas (%) 3 (1.3)

Other (pre)malignant pancreatic lesions
            IPMN (%)
            Neuroendocrine (%)
            GIST  n (%)
            Intraepithelial liposarcoma (%)

3 (1.3)
2 (0.8)
2 (0.8)
1 (0.4)

Benign
            Chronic pancreatitis (%)
            Focal fat necrosis (%)
            Autoimmune pancreatitis (%)

15 (6.2)
6 (2.5)
1 (0.4)

Table 2. Operating chacteristics of EUS-FNA.
Performance 
Characteristic

EUS-1 EUS-2/EUS-3 P value Entire cohort

Sensitivity % 74.1 62.2 0.14 86.9
Specificity % 44.8 83.3 0.20 63.2
PPV % 90.7 95.8 0.66 96.5
NPV % 19.1 26.3 0.49 29.3
Accuracy % 70.5 65.1 0.48 85.1

Table 1. Baseline demographic characteristics of the study cohort.
Parameters  Study Patients (n=241)

Mean age (years) ± SD 65.6 ±12.5
Gender:
             Male  n (%) 133 (55.2)
             Female n (%) 108 (44.)
Tumor location
            Head &neck n (%) 156 (64.7)
            Uncinate n (%) 23 (9.5)
            Body n (%) 46 (19.2)
            Tail n (%) 16 (6.6)
Pancreatic mass long axis (mean ± SD) 31.3± 11.1
Median number of passes (range) 5 (1-15)
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(metastatic adenocarcinoma to the pancreas and benign 
lesions). This again signifies the importance of pursuing 
a diagnosis prior to contemplating surgical resection. 
The sensitivity of EUS-1 was 74.1% despite an on-site 
cytopathologist being present. This result is lower than 
the 85% that was reported in a recent meta-analysis [16]. 
JHH is a tertiary referral center, the cases included are 
often challenging with masses in locations that are difficult 
to clearly delineate or access. Our institutions approach 
was to refer patients with a resectable mass suspicious 
for pancreatic cancer despite multiple negative EUS-FNA 
for surgical resection. This resulted in 2.5% patients with 
a non-diagnostic EUS-FNA undergoing surgical resection 
having a benign final diagnosis. This number is less than de 
la Fuente et al. who reported 7.4% of 494 patients having 
benign disease on postoperative pathology [17].

This study focused exclusively on repeat EUS-FNA for 
pancreatic mass lesions within a single tertiary referral 
center. The question of whether the same proceduralist 
or different one should perform the repeat EUS-FNA is 
unknown. This question was not answered by the present 
study as there was no policy in place regarding who should 
perform the repeat EUS-FNA. It is possible that if the same 
proceduralist repeated the procedure they may make the 
same “mistake” again. Alternatively, more diligence may 
have been observed. Of note, our study did not reveal an 
increased number of passes in the repeat EUS-FNA as 
compared to the initial (6 vs. 5, p = 0.33). Another method 
to increase cytological yield may be to use elastography to 
aid in precisely targeting the FNA [18].However, there is 
no published data to describe its value in patients with a 
previous negative EUS-FNA. 

Extrapolating the results of studies in which repeat 
EUS-FNA was performed in another institution; repeat 
EUS-FNA appears to have a variable ability to confirm the 
diagnosis of pancreatic malignancy. Dewitt et al. reported 
repeating the EUS-FNA had a clinical impact in 65% of 17 
patients with a pancreatic mass [9]. Suzuki et al. reported 
that EUS clarified the diagnosis in 82% of 84 of patients, 
though in this study, patients with cytology “suspicious for 
malignancy” were included [11]. Tadic et al. in a study of 
46 patients demonstrated a sensitivity of 68% at the initial 
EUS-FNA which rose to 92% when a repeat procedure was 
performed [19]. Although a benefit is seen in repeating 
the EUS-FNA in each of the aforementioned studies, the 
variation in the method of reporting the results makes 
comparison between these studies difficult. 

Our study showed that older age at EUS-FNA was more 
likely to result in diagnostic specimen. These results are 
in keeping with current knowledge. The National Cancer 
Institute’s Surveillance, Epidemiology, and End Results 
(SEER) revealed the rate of pancreatic cancer for all ages 
is 11.7 per 100,000 though for individuals older than 65 
years increases it increases to 66.4 per 100,000 [20]. In 
addition to age, the presence of EUS features of chronic 
pancreatitis was found to decrease the sensitivity of EUS-
FNA, consistent with other series that have reported that 

diagnosing pancreatic cancer on a background of chronic 
pancreatitis is challenging [21-23]. Other reported reasons 
for a non-diagnostic sample are the presence of extensive 
necrotic or cystic areas and intervening vasculature.

Limitations of our study include its retrospective 
nature and lack of control group. Additionally, we did not 
record the time interval between the initial and repeat 
EUS-FNA procedures. Therefore, the intervening time 
may have resulted in a larger pancreatic mass which may 
overestimate the benefit of repeat EUS-FNA. Also, we did 
not record the exact size of needle used (22-gauge vs. 
25-gauge) and hence are not clear if a change in needle 
size contributed to an increased diagnostic yield at the 
repeat EUS-FNA. However, the literature to date supports 
no difference in diagnostic yield between these two sized 
needles so it is unlikely that this affected our results [24-27].

In conclusion, this single center series of 241 patients 
found that EUS-FNA is an effective method for providing 
cytological diagnosis in patients with solid pancreatic 
mass lesions. Repeat procedures appear to be a reasonable 
course of action in patients with an initial non-diagnostic 
result. Future studies are required to clarify if the same or 
a different proceduralist should perform the repeat EUS-
FNA and define the role of elastography in these patients.
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