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Original Article

Backgrounds/Aims: Metastatic lesions of the pancreas (PMET) account for 1%–5% of all malignant solid pancreatic lesions (SPL). In 
this study we evaluated the utility of endoscopic ultrasonography with fine needle aspiration (EUS-FNA) in diagnosing PMET. 
Methods: Patients who underwent EUS-FNA at a community referral center between 2011–2017 for SPL were identified. Clinical, 
radiologic, and EUS-FNA features of those with PMET were compared to those with primary solid tumors of the pancreas: pancreatic 
adenocarcinoma (PDAC) and neuroendocrine tumors (PNET).
Results: A total of 191 patients were diagnosed with solid pancreatic malignancy using EUS-FNA: 156 PDAC, 27 PNET, and eight 
(4.2%) had PMET. Patients with PMET were less likely to have abdominal pain (25.0% vs. 76.3% vs. 48.2%; p < 0.01) or obstructive 
jaundice (37.5% vs. 58.3% vs. 0%; p < 0.01) compared to PDAC and PNET. Those with PMET were more likely to have mass lesions 
with/without biliary or pancreatic ductal dilatations (100% vs. 86.5% vs. 85.2%; p < 0.01) and lower CA19-9 (82.5 ± 43.21 U/mL vs. 
4,639.30 ± 11,489.68 U/mL vs. 10.50 ± 10.89 U/mL; p < 0.01) compared to PDAC and PNET. Endosonographic features were similar 
among all groups. Seven (87.5%) patients with PMET had a personal history of malignancy prior to PMET diagnosis. The primary ma-
lignancy was renal cell carcinoma in five PMET.
Conclusions: PMET are exceedingly rare, comprising less than 5% of SLP. Patients with PMET are less likely to present with symp-
toms and mostly identified by surveillance imaging for the primary malignancy. 
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INTRODUCTION

Solid pancreatic lesions (SPL) can be neoplastic or non-neo-
plastic. Pancreatic duct adenocarcinoma (PDAC) constitutes 
more than 90% of neoplastic pancreatic lesions, making it the 
most common primary SPL [1]. Pancreatic neuroendocrine 
tumors (PNET) and metastatic lesions to the pancreas (PMET) 

are less common compared to PDAC, accounting for less than 
10% of pancreatic neoplasms [2]. PMET is the least commonly 
encountered etiology of neoplastic SPL. Renal cell carcinoma 
(RCC) is the most common primary cancer to metastasize to 
the pancreas, followed by lung adenocarcinoma, colorectal 
cancer, melanoma, ovary cancer, and breast cancer [3,4].

In comparison to primary neoplasms of the pancreas, namely 
PDAC and PNET, PMET has different tumor biology, clinical 
presentation, and management strategy [5]. Therefore, accu-
rate diagnosis and identification of PMET are indispensable. 
Endoscopic ultrasound fine-needle aspiration (EUS-FNA) is 
a reliable and popular tool for evaluating SPL because of its 
high sensitivity, specificity, and accuracy [4]. EUS-FNA has 
the ability to characterize pancreatic lesions, pancreatic struc-
tures (including the pancreatic duct), local invasion, lymph 
nodes, and other nearby structures. It is also the best modality 
for obtaining tissue diagnosis for SPLs [6]. Many studies have 
demonstrated that EUS-FNA is a reliable and accurate modal-
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ity for diagnosing PMET [4,6]. However, more data are needed 
to further characterize clinical, cross-sectional, and EUS fea-
tures distinguishing PMET from PDAC and PNET. 

Thus, the aim of this study was to examine demographics, 
clinical features, biomarker levels, and EUS characteristics of 
patients diagnosed with PMET by EUS-FNA. PMET was also 
compared with non-PMET solid neoplasms of the pancreas. 

PATIENTS AND METHODS

This study performed a single-center retrospective analysis 
of patients diagnosed with SPLs using EUS-FNA at Sanford 
USD Medical Center at the University of South Dakota (Sioux 
Falls, SD, USA). After obtaining approval of the study from 
our Institutional Review Bboard (no. 00001589), patients who 
underwent EUS-FNA at our institution between July 15, 2011 
and November 30, 2017 for suspected pancreatic lesions were 
identified. Patients who met the following criteria were includ-
ed in this study: (1) SPLs on cross-sectional imaging or EUS, (2) 
diagnosis with PMET, PNET, or PDAC, and (3) available EUS-
FNA reports. All patients underwent EUS-FNA examination 
with a curvilinear echoendoscope. Details regarding demo-
graphic data, clinical characteristics at presentation, radiolog-
ical findings, EUS findings, cytopathology, and clinical course 
were recorded.

Statistical analysis
SAS 9.4 statistical software (SAS Institute, Cary, NC, USA) 

was used for all analyses. Descriptive statistics were used to 
compare demographics, imaging findings, lesion characteris-
tics, and EUS metrics among PMET, PDAC, and PNET. Nor-
mal distribution of data was evaluated for continuous variables 
using Shapiro-Wilk test. If data were normally distributed, a 
parametric test, Analysis of Variance (ANOVA) was used to 
compare differences in means for continuous variables. If con-

tinuous data were not normally distributed, then a non-para-
metric test (Kruskal–Wallis test) was used to compare differ-
ences in means for continuous variables. Chi-square analysis 
was used to compare differences in proportions of categorical 
variables among the three groups. If cells had less than five 
subjects, then Fisher’s exact test was used to compare categori-
cal data. Statistical significance was accepted at p < 0.05.

RESULTS

Baseline characteristics
A total of 191 patients were diagnosed with solid pancreatic 

malignancy using EUS-FNA in the specified study period at 
our institution, including 156 PDAC, 27 PNET, and 8 PMET 
(Fig. 1). Among those with PMET (n = 8), five (62.5%) had RCC 
and the remaining three patients had breast adenocarcino-
ma, breast adenocarcinoma/small cell lung cancer (SCLC), or 
gastric adenocarcinoma. There were 189 Caucasians (98.9%) 
and 118 (61.8%) males. For comparison of PMET vs. PDAC vs. 
PNET, the mean age of presentation was younger in PNET and 
PMET (68.4 vs. 69.7 vs. 62.9 years; p = 0.02) and body mass in-
dex (BMI) was lower in PMET (25.97 vs. 27.16 vs. 32.21 kg/m2;  
p < 0.01). For comparison of PMET vs. PDAC vs. PNET, those 
with PDAC were more likely to present with abdominal pain 
(25.0% vs. 76.3% vs. 48.1%; p < 0.01) and/or obstructive jaun-
dice (37.5% vs 58.3% vs. 0%; p  < 0.01). Mean carbohydrate 
antigen (CA19-9) levels were significantly (p < 0.01) higher in 
PDAC (4,639.30 ± 11,489.68 U/mL) than in PMET (82.5 ± 43.21 
U/mL) and PNET (10.50 ± 10.88 U/mL) (Table 1).

Characteristics of cross-sectional imaging
The initial cross-sectional imaging was negative for malig-

nancy in four (2.6%) patients with PDAC and in three (11.5%) 
patients with PNET. In comparison of PMET vs. PDAC vs. 
PNET, mean diameters of mass lesions on cross sectional im-
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Fig. 1. (A) Pancreatic ductal adenocarcinoma 
cellular specimen composed of groups of  
disordered ductal cells having nuclear 
enlargement, size variation, and hyper 
chromatic nuclei with prominent nucleoli. (B) 
Pancreatic neuroendocrine tumor cellular 
specimen showing loosely cohesive and 
plasmacytoid cells with f inely stippled 
chromatin and moderate amounts of finely 
granular cytoplasm. (C) Renal cell carcinoma 
cellular specimen composed of groups of 
enlarged nuclei with vacuolated cytoplasm 
and prominent nucleoli. (D) Small cell lung 
carcinoma cellular specimen composed of 
sheets of cells with salt and pepper chro 
matin, scant cytoplasm, and molding.
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aging (computerized tomography [CT], magnetic resonance 
imaging [MRI], or ultrasonography [US]) at the time of di-
agnosis were similar among the three groups (31.88 vs. 32.72 
vs. 27.81 mm, p  = 0.26) (Table 2). Mass lesions with/without 
pancreatic or biliary ductal strictures/dilatations were more 
common in PMET (100% vs. 86.6% vs. 85.2%; p <0.01), whereas 
biliary or pancreatic ductal strictures/dilatations alone was 
more prevalent in PDAC (0% vs. 10.9% vs. 3.7%; p < 0.01). Most 
mass lesions were in the head/neck of pancreas in those with 
PMET and PDAC (37.5% vs. 59.6% vs. 22.2%) and in the tail of 
pancreas in those with PNET (25.0% vs. 10.3% vs. 48.2%; p < 
0.01) (Table 2).

Characteristics of endoscopic ultrasonography
The initial EUS-FNA cytology was negative for malignancy 

in 12.5% of PMET, 1.9% of PDAC, and 7.4% of PNET. It was 
positive for malignancy in 62.5% of PMET, 91.7% of PDAC, 
and 88.9% of PNET. In addition, 25.0% of PMET showed atyp-
ical cytology compared to 2.6% of PDAC and 3.7% of PNET (p 

= 0.02). Locations of mass lesions on EUS correlated with mass 
location on cross sectional imaging are shown in Table 2. Most 
lesions were in the head/neck of the pancreas in PDAC and in 
the tail of pancreas in PNET (Table 3). In PMET, the location 
of the lesion was not provided in about 50% of patients’ EUS-
FNA reports. A total of 37.5% of lesions were located in the 
head/neck of pancreas. Six (75.0%) patients had a solitary mass 
on EUS. One patient had two masses and one patient had four 
masses. Previous biliary/pancreatic stents, diagnosing chron-
ic pancreatitis with EUS, presence of onsite cytopathologist, 
core biopsy during EUS, and the need for more than one EUS-
FNA were similar among the three groups (PMET, PDAC, and 
PNET) (Table 3).

Characteristics and outcomes of patients with PMET
Table 4 outlines each individual patient’s demographics, 

previous cancer diagnosis, and time from primary cancer di-
agnosis to PMET cancer diagnosis, and outcomes of patients 
with PMET. Seven (87.5%) patients did not have evidence of 

Table 1. Comparison of clinical and endoscopic ultrasound features of PMET with PDAC and PNET 

Characteristic PMET (n = 8) PDAC (n = 156) PNET (n = 27) p-value

Age (yr) 68.38 ± 10.56 69.65 ± 10.79 62.85 ± 16.62 0.02a)

Male sex 4 (50.0) 98 (62.8) 16 (59.3) 0.71 
Caucasian ethnicity 8 (100) 154 (98.7) 27 (100) 1.00
CA19-9 (U/mL) 82.5 ± 43.21 (n = 4) 4,639 ±11,489.68 (n = 132) 10.50 ± 10.89 (n = 8) < 0.01a)

BMI (kg/m2) 25.97 ± 5.55 27.16 ± 5.77 32.21 ± 6.79 < 0.01a)

Abdominal pain 2 (25.0) 119 (76.3) 13 (48.2) < 0.01
Obstructive Jaundice 3 (37.5) 91 (58.3) 0 (0) < 0.01

Values are presented as mean ± standard deviation or number (%). 
PMET, metastatic lesions to the pancreas; PDAC, pancreatic adenocarcinoma; PNET, pancreatic neuroendocrine tumor; CA19-9, carbohydrate antigen 19-9; 
BMI, body mass index.
a)Not normally distributed. 

Table 2. Cross sectional imaging in patients with PMETs, PDAC, or PNETs 

Characteristic PMET (n = 8) PDAC (n = 156) PNET (n = 27) p-value

Mean diameter of SPL (mm) 31.88 ± 25.85 33.72 ± 13.47 27.80 ± 19.78 0.26b)

Imaging findings < 0.01
   Negative 0 4 (2.6) 3 (11.1)
   Ductal stricture/dilatationa) 0 17 (10.9) 1 (3.7)
   Mass lesion alone 4 (50.0) 60 (38.5) 22 (81.5)
   Stricture/dilatation + mass lesion 4 (50.0) 75 (48.1) 1 (3.7)
Lesion location on imaging < 0.01
   Head/neck 3 (37.5) 93 (59.6) 6 (22.2)
   Body 2 (25.0) 19 (12.2) 4 (14.8)
   Tail 2 (25.0) 16 (10.3) 13 (48.2)
   Unspecified 1 (12.5) 17 (10.9) 1 (3.7) 
   None 0 (0) 11 (7.1) 3 (11.1)

Values are presented as mean ± standard deviation or number (%). 
PMET, metastatic lesions to the pancreas; PDAC, pancreatic adenocarcinoma; PNET, pancreatic neuroendocrine tumor; SPL, solid pancreatic lesion. 
a)Ductal strictures/dilatations can involve either biliary or pancreatic ducts or both; b)Not normally distributed.
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extra-pancreatic mass or any other metastatic lesions at the 
time of referral for EUS. One patient had an adrenal nodule 
suspicious for metastasis in addition to a cerebellum mass. 
EUS-FNA was considered to obtain tissues for suspected ma-
lignancy. CA19-9 was elevated in the three patients with PMET 
who had available results (58.0 U/mL in a breast adenocarci-
noma patient, 147.0 U/mL in a gastric adenocarcinoma patient, 
and 67.0 U/mL in a breast adenocarcinoma/SCLC patient). The 
primary cancer diagnosis in five (62.5%) patients was RCC (Fig. 
1C). In the remaining three patients, primary cancer diagnosis 
was breast adenocarcinoma, gastric adenocarcinoma, or SCLC. 
For one patient, the primary cancer could not be ascertained 
from cytology. This patient had a history of both breast ade-
nocarcinoma and SCLC (Fig. 1D). Seven (87.5%) out of eight 
patients had a known personal history of cancer prior to devel-
opment of PMET. Three (37.5%) patients were diagnosed with 
PMET through active surveillance for RCC. Time from prima-
ry cancer diagnosis until PMET was variable among patients 

(range, 3–168 months). One patient, a 71-year-old female with 
a prior history of breast adenocarcinoma diagnosed 72 months 
prior to presentation with jaundice, pruritus, and biliary/pan-
creatic ductal dilatation on CT abdominal imaging and treated 
with radical mastectomy, chemotherapy, and hormonal thera-
py had an initial EUS-FNA that was negative for malignancy. 
Given the high suspicion of malignancy, a repeat EUS-FNA 
performed two weeks later was positive for malignancy. Only 
one patient with PMET underwent surgical resection (total 
pancreatectomy of PMET for RCC). Five (62.5%) patients were 
treated with chemotherapy with or without immunotherapy/
chemotherapy based on the primary cancer diagnosis. Two 
patients did not receive treatment for PMET. They opted for 
palliative care. Four (50.0%) patients died within 4–28 months 
of PMET diagnosis. Two (25.0%) patients were alive at 21–34 
months after PMET diagnosis. One patient who underwent 
total pancreatectomy was alive at 81 months after PMET diag-
nosis. One patient was lost to follow up (Table 4). In all PMETs, 

Table 3. Comparison of EUS characteristics among PMETs, PDAC, and PNETs 

Characteristic PMET (n = 8) PDAC (n = 156) PNET (n = 27) p-value

EUS mass lesion location < 0.01
   Head/neck 3 (37.5) 105 (67.3) 5 (18.5)
   Body 1 (12.5) 24 (15.4) 7 (25.9)
   Tail 0 (0) 18 (11.5) 13 (48.2)
   Other/unspecified 4 (50.0) 7 (4.5) 2 (7.4)
   None 0 (0) 2 (1.3) 0 (0)
EUS-FNA cytology 0.02
   Negative 1 (12.5) 3 (1.9) 2 (7.4)
   Atypical 2 (25.0) 4 (2.6) 1 (3.7)
   Suspicious for malignancy 0 (0) 6 (3.9) 0 (0)
   Positive 5 (62.5) 143 (91.7) 24 (88.9)
Previous stents 0.17
   Pancreatic stents 1 (12.5) 6 (3.9) 0 (0)
   Biliary stents 1 (12.5) 7 (4.5) 0 (0)
   None 6 (75.0) 143 (91.7) 27 (100)
CP per Rosemont criteria 1.00
   Negative 7 (87.5) 135 (86.5) 24 (88.9)
   Positive 1 (12.5) 21 (13.5) 3 (11.1)
On site cytopathologist 0.86
   Yes 8 (100) 143 (91.7) 24 (88.9)
   No 0 (0) 13 (8.3) 3 (11.1)
Core biopsy during EUS 0.69
   Yes 0 (0) 6 (3.9) 0 (0)
   No 8 (100) 150 (96.2) 27 (100)
More than one EUS 0.76
   No 7 (87.5) 141 (91.0) 25 (92.6)
   Yes 1 (12.5) 14 (9.0)a) 2 (7.4)

Values are presented as number (%). 
EUS, endoscopic ultrasonography; PMET, metastatic lesions to the pancreas; PDAC, pancreatic adenocarcinoma; PNET, pancreatic neuroendocrine tumor; 
FNA, fine-needle aspiration; CP, chronic pancreatitis.
a)Out of 155 patients.
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25-gaguge needles were used. A 22-gauge needle was only used 
in one patient (a 71-year-old female with a prior history of 
breast adenocarcinoma and an initial negative EUS-FNA). The 
average number of needle passes using 25-gauge was 2.6 ± 1.6. 
It was one pass for the 22-gauge needle after five passes using a 
25-gauge needle. 

DISCUSSION 

This report highlights the fact that PMET can present as sol-
itary pancreatic masses. Although previous reports have high-
lighted this issue, most of these reports originated from large 
academic and tertiary referral centers. This study details these 
lesions from a community referral center. Given the very rare 
incidence of PMET (1%–5% of all pancreatic malignancies), 
diagnosis requires a high index of suspicion [7,8]. Evaluating 
PMET is challenging because of the rarity of PMET (4.2% of 
all solid pancreatic malignancies in our cohort), the absence 
of symptoms of biliary obstruction or abdominal pain on 
clinical presentation in comparison to non-PMETs neoplasms, 
and the similarity of FNA-cytology between RCC (the most 
common cellular type of PMET) and PDAC [2,3,6]. Therefore, 
it is important to take into account cytological features and 
immunohistochemistry in the backdrop of pertinent medical 
history. Immunohistochemistry is not routinely performed for 
pancreatic mass lesions. Thus, it is important to have a high 
index of suspicion for PMET at the time of FNA to collect ad-
ditional samples for immunohistochemistry. Main findings of 
this study are 1) patients with PMET are less likely to present 

with abdominal pain or jaundice than those with PDAC and 
PNET, 2) EUS-FNA is less sensitive in PMET than in PDAC 
and PNET, 3) high degree of suspicion for PMET is needed, es-
pecially for patients with a prior history of malignancy.

Results of our study demonstrated that patients with PMET 
were younger than those with PDAC but older than those with 
PNET, consistent with prior studies [4,9]. In addition, the ab-
sence of biliary obstruction or abdominal pain symptoms in 
patients with PMET was also in concordance with studies that 
compared PMET with PDAC and PNET [4,6]. Regarding neo-
plasm location, pancreatic head/neck was the most common 
location for metastasis in this study and other studies [4,10]. 
RCC is the most common primary tumor in PMET reported 
in literature, although some studies have described that lung 
cancer is the most common one [4,7,8,11-13]. This might be 
due to the tendency for hematogenous spread in RCC [14]. Nev-
ertheless, metastases (especially from RCC) mimics primary 
pancreatic carcinomas (mainly PDAC) both clinically and cy-
tologically. Clinical, radiological, and immune-histochemical 
examinations are extremely important when evaluating SPL 
[10]. Patients with PMET are often identified on cancer surveil-
lance using cross-sectional imaging in patients with a history 
of a remote malignancy who are in clinical remission or in pa-
tients with an active malignancy [15]. However, malignancies 
presenting as metastases to the pancreas have been described 
[16]. In our study, rapid on-site evaluation significantly en-
hanced our diagnostic yield and helped us avert any diagnostic 
dilemma.

Evaluation of patients with current or remote history of ma-

Table 4. Clinical characteristics of patients with metastatic lesions of the pancreas (PMET)

Patient
Age (yr)/

sex
History of 

cancer
CA19-9 
(U/mL)a)

Mass 
diameter 

(mm)

Interval 
to PMET 

diagnosis 
(mon)b)

Method of 
diagnosis

Method of 
treatment

Outcome/ 
follow up  

(mon)
Final diagnosis

1 71/F Yes 58.0 14.0 72 Ductal 
dilatation

Chemotherapy, 
hormonal Tx

Alive/34 Breast 
adenocarcinoma

2 85/F None 147.0 91.0 3 Mass on 
imaging

No Tx Death/4 Gastric 
adenocarcinoma

3 66/F Yes 67.0 32.0 18 Mass on 
imaging

Chemotherapy Death/13 Breast 
adenocarcinoma/
SCLC

4 65/M Yes None 29.0 168 Active 
surveillance 

Chemotherapy, 
immunotherapy 

Death/28 RCC

5 79/M Yes None 41.0 77 Mass on 
imaging

Chemotherapy Death/26 RCC

6 54/M Yes None 19.0 84 Active 
surveillance 

Chemotherapy Alive/21 RCC

7 56/M Yes None 15.0 102 Active 
surveillance

No Tx Lost to  
follow up/2

RCC

8 49/F Yes None 12.0 150 Mass on 
imaging

Total 
pancreatectomy 

Alive/81 RCC

CA19-9, carbohydrate antigen 19-9; F, female; M, male; RCC, renal cell carcinoma; SCLC, small cell lung cancer; Tx, therapy. 
a)Normal range of CA 19-9 (0 and 37 U/mL). b)In patients with previous diagnosis of cancer.
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lignancy presenting with pancreatic masses can be challeng-
ing. Differentiating PMET from de novo adenocarcinoma is of 
paramount importance in these patients [4]. While adenocar-
cinoma of the pancreas is diagnosed in most patients with SPL, 
it is crucial to consider PMET in these patients. In our PMET 
patients’ cohort, seven (87.5%) out of eight patients had a past 
medical history of malignancy. Diagnosis of PMET in our 
study was done through cancer surveillance in patients with a 
recent history of malignancy or through abdominal imaging 
performed for suggestive symptoms in patients with a history 
of recent/remote malignancy. 

Many studies have reported that the sensitivity, specificity, 
positive predictive value, and accuracy of EUS-FNA for di-
agnosing PMET are 77%–85%, 98%–100%, 98%–100%, and 
80%–98%, respectively [4,10]. In addition, EUS-FNA for SPL is 
a relatively safe procedure with low incidence of local, system-
ic, or major complications. In a study of 134 patients who had 
EUS-FNA for SPL, no complication was observed [17]. We did 
not observe any complications related to EUS-FNA in our pa-
tient cohort either.

This study has many limitations. First, this study had a small 
sample size due to the rarity of PMET, which hindered the 
statistical power of this study. The retrospective design of this 
study made it more susceptible to selective bias. Given the rare 
nature of PMET, larger multi-center prospective studies are 
needed to characterize PMET in the future. 

In our sutdy, we demonstrate that PMETs are uncommon, ac-
counting for less than 5% of all pancreatic malignancies. RCC 
is the most common primary malignancy that metastasizes to 
the pancreas. EUS-FNA is a reliable and accurate tool for eval-
uating patients with high pre-test probability of PMETs.
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