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Abstract

Purpose To assess qualitative and quantitative imaging features on enhanced CT that may differentiate pancreatic neuroen-
docrine tumors (PNETS) from pancreatic renal cell carcinoma (RCC) metastases.

Methods This IRB-approved multi-center retrospective case—control study compared 43 resected PNETs and 28 resected
RCC metastases with pre-operative enhanced CT identified consecutively between 2003 and 2017. Two blinded radiologists
(R1/R2) independently assessed tumor location, attenuation (relative to pancreas), composition (solid/cystic/mixed), homo-
geneity (homogeneous/heterogeneous), calcification, multiplicity, and for main pancreatic duct (MPD) dilation. Tumors were
segmented for quantitative texture analysis. Data were analyzed with Chi square, logistic regression, and receiver operating
characteristic (ROC). Inter-observer agreement was assessed (Cohen’s kappa).

Results There was no difference in age, gender, location, attenuation, or composition (P> 0.05) between groups. PNETs
were larger than RCC metastases (37 +£23 mm vs. 26 +21 mm, P=0.038), more frequently solitary (P <0.001), subjec-
tively more heterogeneous (P=0.033/0.144, R1/R2), and associated with calcification (P =0.002/0.004) and MPD dilation
(P=0.025/0.006). Agreement for subjective features was moderate-to-almost perfect (K =0.4879-0.9481). Quantitative
texture analysis showed higher entropy in PNETS (6.32 +0.49 versus 5.96+0.53; P=0.004) with no difference in other
features studied (P> 0.05). Entropy had ROC area under the curve for diagnosis of PNET of 0.77 +0.06, with optimal
sensitivity/specificity of 71.4/79.1%.

Conclusions Compared to pancreatic RCC metastases, PNETSs are larger, more frequently solitary, contain calcification,
show MPD dilation, and are subjectively and quantitatively more heterogeneous tumors.
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Abbreviations
CECT Contrast-enhanced CT

DICOM Digital imaging and communications in
medicine

EUS Endoscopic ultrasound

FNA Fine needle aspiration

JMRI Journal of Magnetic Resonance Imaging

MPD Main pancreatic duct

PNET Pancreatic neuroendocrine tumor

RCC Renal cell carcinoma

ROI Region of interest

Introduction

Renal cell carcinoma (RCC) is among the most common
primary malignancies that metastasize to the pancreas and
typically appears as a hypervascular pancreatic mass on
CT or MRI [1-3]. RCC metastases can resemble primary
pancreatic neuroendocrine tumors (PNETSs), which are also
commonly hypervascular masses [4]. Both tumors may pre-
sent in patients with multiple pancreatic masses and both
may occur at increased frequency in patients with a variety
of genetic syndromes, including Von Hippel-Lindau disease
[5]. Up to 10% of patients with metastatic RCC develop pan-
creatic metastases [6]. Further complicating the differentia-
tion of pancreatic RCC metastases from PNETSs is that the
pancreas may be the sole site of RCC metastases and pancre-
atic metastases not uncommonly present as solitary masses
many years after treatment of the primary tumor [7, 8].

The management for PNETs and pancreatic RCC metas-
tases differs. Although surgery is generally recommended
for treatment of PNETs and especially poorly differenti-
ated PNETs (grade 3) [9], non-functional small (<2 cm)
and well-differentiated PNETs (grade 1 or 2) are sometimes
followed on serial imaging given the morbidity of a pan-
createctomy [10, 11], while targeted immunotherapy and
other systemic treatments can be considered for advanced
well-differentiated PNETS [12]. Pancreatic RCC metastases
are usually resected if at all possible or, more recently, in
non-surgical candidates can be treated with targeted biologic
agents [13, 14] and stereotactic body radiotherapy.

The accurate differentiation between PNETSs and pancre-
atic RCC metastases using imaging could preclude the need
for histologic sampling to confirm diagnosis and expedite
treatment. Histological sampling is required before the ini-
tiation of definitive therapy and is performed using endo-
scopic ultrasound-guided fine needle aspiration (EUS-FNA)
which is invasive and may not lead to a diagnosis in pan-
creatic masses including in up to 21% of PNETs [15, 16].
Furthermore, the morphology of PNETs and pancreatic RCC
metastases can overlap on EUS [17]. Recently, CT texture
analysis has emerged as a quantitative imaging technique

that can help distinguish between various types of neoplasms
in the body, tumor mutation status, grade, and prognosis
[18-23]; specifically, Canellas et al. showed that among
PNETSs texture analysis could discriminate between low-
and high-grade tumors [23]. The purpose of this study was
to compare qualitative and quantitative imaging features on
enhanced CT among PNETs and pancreatic RCC metastases.

Materials and methods

This multi-center retrospective case—control study was
approved by the respective local Institutional Review
Boards, who granted a data-sharing agreement to perform
analyses. The requirement for informed consent was waived.

Study cohort

Between January 1, 2011 and October 16, 2017, 70 consecu-
tive patients with resected PNETs and 13 with pancreatic
RCC metastases were identified at Hamilton Health Sci-
ences. Pre-operative enhanced CT was not available for 26
patients, two patients had PNETs indistinct from large serous
cystadenomas, and one had a pancreas tail PNET invading
and indistinct from adjacent infarcted splenic parenchyma,
which were excluded, leaving 41 patients with 43 PNETs.
Four patients with pancreatic RCC metastases were excluded
due to no available pre-operative enhanced CT, leaving
nine patients with 11 pancreatic RCC metastases. Medical
records at The Ottawa Hospital were then reviewed to aug-
ment the number of pancreatic RCC metastases, which iden-
tified an additional 21 consecutive patients with pancreatic
RCC metastases between November 25, 2003 and October
16, 2017. Of these, 11 patients were excluded as enhanced
CT was not available. This yielded the study cohort which
consisted of 60 patients (33 males, 27 females, mean age
57.8 years); 41 patients with 43 PNETS and 19 patients with
28 pancreatic RCC metastases (Fig. 1). All RCC metastases
were of the clear cell subtype. Of the PNETs, 30 were grade
1, nine were grade 2, and four were grade 3. Mean time from
CT to surgery was 117 +76 days. The sample was one of
convenience which attempted to maximize the number of
confirmed PNETs and RCC metastases with pre-operative
imaging.

Histopathology

Pathology at surgical resection was used as a reference
standard for all PNETs and pancreatic RCC metastases.
PNETSs were characterized by neuroendocrine features with
solid, trabecular, and nested growth patterns, and salt and
pepper nuclei. Pancreatic clear cell RCC metastases were
characterized by distinctive clear to eosinophilic cytoplasm,
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« Al patients with resected
PNETs, N=70

« All patients with resected
pancreatic renal cell carcinoma
metastases, N=34

PNET patients without pre-
operative portal venous phase
CT, N=26

RCC metastases patients
without pre-operative portal
venous phase CT, N=15

—

Patients with PNETS and pre-
operative portal venous phase
CT, N=44

Patients with RCC metastases
and pre-operative portal venous
phase CT, N=19

PNET inseparable from larger
serous cystadenoma, N=2
PNET inseparable and
indistinct from spleen, N=1

ﬁ

Study cohort:

« 41 patients with 43 PNETS
and pre-operative portal venous
phase CT
19 patients with 28
pancreatic RCC metastases
and pre-operative portal venous
phase CT

Fig. 1 Patient flow diagram. PNET pancreatic neuroendocrine tumor,
RCC renal cell carcinoma

with a delicate vascular network and frequent hemorrhage.
If there was histological uncertainty, immunohistochemistry
was performed to confirm the diagnosis, with PNET being
positive for cytoplasmic chromogranin and synaptophysin,
and negative for monoclonal nuclear PAXS, while clear cell
RCC metastases show the reverse immunohistochemistry
pattern [24, 25].

CT technique

All patients included in the study had undergone at least one
single-phase enhanced CT of the abdomen before surgery.
The CT protocols varied but timing of acquisition was in
the portal venous phase (timed empirically at approximately
70 s post contrast administration). Minor differences in tim-
ing of the portal venous phase were not considered signifi-
cant. Every examination included axial images of the abdo-
men (slice thickness 2.5-5 mm) with coronal reconstructed
images (slice thickness 3 mm).

Four patients underwent CT on a 320-channel MDCT
(Toshiba Aquilion ONE), nine patients on a 256-chan-
nel MDCT (GE Revolution CT, Philips iCT 256, Sie-
mens SOMATOM Definition FLASH), eight patients on a
128-channel MDCT (Siemens Definition Edge and AS+), 30
patients using 64-channel MDCT (GE Discovery CT750HD/
LightSpeed VCT, Philips Brilliance 64, Siemens Sensation
64, Toshiba Aquilion), and nine patients using 16-channel
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MDCT (GE LightSpeed Xtra/Plus, Philips Brilliance 16P,
Siemens Emotion 16).

Our institutional CT protocols consist of a fixed 120-kVp
technique with automated tube current modulation and a
variable 100-500-mAs. Acquisition is helical with a rotation
time of 0.8 s and a Noise Index of either 31 or 41.4. The tim-
ing of the portal venous phase is established empirically in
all cases timed to be 65-70 s after the injection of contrast.
Patients were given 100—150 mL of non-ionic contrast mate-
rial (either Iohexol [Omnipaque], GE Healthcare or Iopa-
midol [Isovue], Bracco Healthcare) at a fixed intravenous
rate of 3.0-3.5 mL/s using a power injector followed by a
saline flush.

Qualitative image analysis

Two fellowship-trained abdominal radiologists (ST and
SL) with 16 and four post-fellowship years of experience,
blinded to all clinical information including histopathol-
ogy findings, independently assessed for tumor location
(uncinate process, head, neck, body, or tail), attenuation
(hyperdense, isodense, or hypodense compared to adjacent
pancreatic parenchyma), composition (totally solid, solid
with some cystic areas, cystic with some solid components,
cystic) [23], homogeneity (homogeneous [uniform in attenu-
ation] or heterogeneous [mixed areas of attenuation]), calci-
fication (present or absent), multiplicity (one or more than
one tumor), and for main pancreatic duct (MPD) dilation
(present or absent).

Quantitative image analysis

A fellowship-trained abdominal radiologist (CVP) selected
the axial image showing the largest tumor diameter, recorded
maximum tumor diameter, and exported the same image in
DICOM format from PACS to an independent workstation
after patient-identifying information was removed. Tumors
were then manually contoured to obtain a region of interest
(ROI) that encompassed as much of the tumor as possible
while carefully avoiding extra-tumoral structures (Fig. 2).
A minimum area of 10 mm? was required to obtain accu-
rate measurements as described previously [26]. Using the
same axial image where ROI measurements were performed,
texture analysis was performed. First-order texture features
were extracted by histogram analysis, specifically; Kurtosis
(a measure of histogram flatness), Skewness (a measure of
histogram asymmetry), and Entropy (a measure of histogram
irregularity) as described previously [27]. Manual contour-
ing of tumors was independently repeated in 17% of patients
(10/60) for 17 tumors by a second fellowship-trained abdom-
inal radiologist (NS), to assess reproducibility of segmen-
tation (personal communication with Dr. M.E. Schweitzer,
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Fig.2 A 62-year-old male with grade 2 pancreatic neuroendocrine
tumor (PNET) in the pancreas head diagnosed after a partial pancrea-
ticoduodenectomy. a Coronal contrast-enhanced CT (CECT) image
illustrates the tumor (thick white arrow). The horizontal white line
corresponds to the axial image that demonstrated the largest diam-
eter of the pancreas head mass. In this way, the axial image where
the tumor appeared the largest was used for quantitative assessment.

Editor-In-Chief JMRI). Lesion analysis was performed using
Image J (version 1.48, National Institutes of Health) [28].

Statistical analysis

Mean + standard deviation with range is reported for quan-
titative data. Demographic and subjective variables were
compared using the Chi-square test of proportions, and
quantitative data were compared using multivariable logistic
regression analysis. Inter-observer agreement for subjective
variables was calculated using Cohen’s kappa statistic where
0-0.2 was slight agreement, 0.21-0.4 was fair agreement,
0.41-0.6 was moderate agreement, 0.61-0.80 was substan-
tial agreement, and > 0.81 was almost perfect agreement.
Receiver operator characteristic (ROC) curve analysis was
performed for statistically significant quantitative variables
and diagnostic accuracy calculated for statistically signifi-
cant subjective data. Reproducibility of segmentation was
compared between radiologists using Cohen’s kappa statistic
and Bland—Altman analysis. Threshold P value <0.05 indi-
cated a statistically significant difference. Statistical analysis
was performed with STATA Data analysis and statistical
software, version 13 (Foster City Station, Texas, USA).

Results

A summary of subjective variables assessed by two radi-
ologists is provided in Table 1. Among subjective variables
studied, there was no difference in location, attenuation,
or composition of PNETs compared to pancreatic RCC
metastases for either Radiologist (P> 0.05). PNETs were
more likely to show calcification (P=0.002 Radiologist
1, 0.004 Radiologist 2) and main pancreatic duct dilation
(P=0.025 Radiologist 1, 0.006 Radiologist 2), whereas

b Axial CECT image at the level demarcated in a. depicts the tumor
(thick white arrow) as a heterogeneous hyperenhancing (relative
to the pancreas) mass. ¢ Axial CECT image at the same level as b.
shows methodology for quantitative analysis. A region of interest
(ROI) was manually drawn by an Abdominal Radiologist (white out-
line) for tumor segmentation and texture analysis

RCC metastases were more frequently multiple (P <0.001
Radiologist 1 and 2). Pancreatic RCC metastases were more
likely to appear homogeneous though the difference was
only significant for Radiologist 2 (P =0.114 for Radiologist
1 and 0.033 for Radiologist 2) (Fig. 3). Inter-observer agree-
ment was moderate-to-almost perfect for subjective features
evaluated by the Radiologists (K=0.4879-0.9481). Age and
gender were not association with tumor type (P=0.068 and
0.802, respectively).

A summary of quantitative variables comparing PNET
and pancreatic RCC metastases is provided in Table 2.
PNETs were larger than RCC metastases (P =0.038) with
no difference in mean or median attenuation between groups
(P=0.969 and 0.895 respectively). With respect to texture
analysis features studied, entropy was significantly higher
in PNETs compared to RCC metastases (6.32 +0.49 vs.
5.96+0.53, P=0.004) with a trend towards higher levels of
kurtosis and skewness, although the difference in the latter
two features did not reach statistical significance between
groups (P=0.067 and 0.099, respectively).

A logistic regression model combining size and texture
features resulted in an area under the receiver operator char-
acteristic curve of 0.77 (+0.06) with optimal sensitivity
and specificity for diagnosis of PNET of 71.4% and 79.1%,
respectively, Fig. 4. Inter-observer agreement for texture
analysis measurements was substantial with a low mean
difference of 0.21 +0.30 (Fig. 5).

Discussion

This study evaluated enhanced CT to differentiate between
PNETs and pancreatic RCC metastases. The imaging dis-
tinction between these two diagnoses is important because
both may present as hypervascular pancreatic masses,
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Table 1 Comparison of subjective variables assess by two radiologists in pancreatic neuroendocrine tumors and pancreatic renal cell carcinoma

metastases
Radiologist 1 Radiologist 2 P value Kappa
PNET ccRCC metastases PNET ccRCC metastases
N=43 N=28 N=43 N=28

Location P=0.068 (R1) 0.7565
Uncinate process 2 (5%) 1 (4%) 5(12%) 3(11%) P=0.563 (R2)

Head 13 (30%) 9 (32%) 11 (26%) 7 (25%)
Neck 7 (16%) 1 (4%) 6 (14%) 2 (7%)
Body 11 26%) 15 (54%) 11 (26%) 12 (43%)
Tail 10 (23%) 2 (T%) 10 (23%) 4 (14%)

Attenuation P=0.654 (R1) 0.4879
Hyperattenuating 32 (74%) 19 (68%) 34 (79%) 24 (86%) P=0.674 (R2)
Isoattenuating 7(16%) 7 (25%) 6 (14%) 2 (7%)

Hypoattenuating 4 (9%) 2 (7%) 3 (7%) 2 (7%)

Composition P=0.147 (R1) 0.7201
Completely solid 29 (67%) 25 (89%) 29 (67%) 23 (82%) P=0.378 (R2)

Mostly solid, part cystic 9 (21%) 3(11%) 12 (28%) 4 (14%)
Mostly cystic, part solid 4 (9%) 0 (0%) 2 (5%) 1 (4%)
Completely cystic 1 2%) 0 (0%) 0 (0%) 0 (0%)

Enhancement P=0.114 (R1) 0.6105
Homogeneous 21 (49%) 19 (68%) 15 (35%) 17 (61%) P=0.033 (R2)
Heterogeneous 22 (51%) 9 (32%) 28 (65%) 11 (39%)

Calcification P=0.002 (R1) 0.9481
Present 12 (28%) 0 (0%) 11 (26%) 0 (0%) P=0.004 (R2)

Absent 31 (72%) 28 (100%) 32 (74%) 28 (100%)

Multiple tumors P<0.001 (R1) 0.8031
Yes 7 (16%) 17 (61%) 5(12%) 15 (54%) P<0.001 (R2)

No 36 (84%) 11 (39%) 38 (88%) 13 (46%)

Main pancreatic duct dilation P=0.025 (R1)

Present 7 (16%) 0 (0%) 10 (23%) 0 (0%) P=0.006 (R2) 0.8004
Absent 36 (84%) 28 (100%) 33 (77%) 28 (100%)

PNET pancreatic neuroendocrine tumor, ccRCC clear cell renal cell carcinoma, R/ radiologist 1, R2 radiologist 2

management differs depending on diagnosis, and prior to
definitive therapy, invasive histological sampling is required
typically using EUS-FNA-guided biopsy which may be non-
diagnostic. Our findings suggest that several subjective and
quantitative imaging features at enhanced CT can be used
to differentiate PNETSs from pancreatic RCC metastases.
The presence of tumor calcification and main pancreatic
duct dilation were specific features for PNETs, whereas
pancreatic RCC metastases tended to be smaller and were
more frequently multiple. PNETs appeared subjectively and
quantitatively more heterogeneous using texture analysis.
Our results suggest that enhanced CT imaging features may
accurately differentiate between PNET and pancreatic RCC
metastases which may potentially obviate the need for his-
tological sampling in select cases.

Despite the clinical importance, there are limited data
available in the literature comparing imaging features
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between PNETSs and pancreatic RCC metastases, which may
relate to the challenge of obtaining a sufficient number of
patients to perform analyses. Kang et al. compared relative
percentage washout using arterial and portal venous phase
CT images, and found that the mean washout of pancreatic
RCC metastases was greater than that of PNETSs [29]. Simi-
lar to our study, they also found that pancreatic RCC metas-
tases were more numerous than PNETSs; however, unlike
our study, they did not observe a significant difference in
tumor homogeneity (P=0.701). This may have been due
to their inclusion of both arterial phase images, in addition
to, portal venous phase images in their qualitative assess-
ment. A limitation of the study by Kang et al. is that they
only performed subjective analysis of tumor homogeneity,
whereas we performed quantitative texture analysis which
has been shown to be more sensitive to differentiate between
neoplasms based upon their composition due to the study
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Fig.3 A 63-year-old female with two pancreatic RCC metastasis.
Axial CECT demonstrates two enhancing masses in the pancreas tail
(arrows). Pancreatic RCC metastases demonstrated more homoge-
neous enhancement than PNETs and were more likely to present as
multiple pancreatic masses

of features at the pixel level which are imperceptible to the
human eye [21].

We are unaware any study applying texture analysis to
differentiate PNETSs and pancreatic RCC metastases on CT
or MRI. Qualitative features and texture analysis have, how-
ever, been shown to be helpful for determining PNET grade
using CT. For example, Canellas et al. found that tumor size
larger than 2 cm, vascular involvement, MPD dilation, and
lymphadenopathy, and the texture feature entropy were all
associated with higher grade (grade 2 and 3) disease [23].
Similarly, Choi et al. found that an ill-defined margin and
texture features of lower sphericity, higher skewness, and
lower kurtosis were associated with grade 2 and 3 PNETs
[30]. Even though our PNET cohort consisted of mainly
low-grade tumors, we demonstrated that PNETs overall were
more heterogeneous both subjectively and quantitatively
compared to pancreatic RCC metastases.

A recent study by Lyu et al. demonstrated that the pres-
ence of intratumoral lipid using chemical shift MRI may
be useful to differentiate PNETs from pancreatic RCC

1 - Specificity
Area under ROC curve = 0.7699

Fig.4 Receiver operator characteristic curve (ROC) for a logistic
regression model combining size and texture features which resulted
in an area under the ROC curve of 0.77 (+0.06) with optimal sen-
sitivity and specificity for diagnosis of PNET of 71.4% and 79.1%,
respectively

Difference of entropy1 and entropy2
0

T T T T

T
4.5 5 55 6 6.5

Average difference of entropy measured by Radiolgist 1 and 2

Fig.5 Bland-Altman plot for reproducibility of texture analysis
measurements, which was substantial with a low mean difference of
0.21+0.30

Table2 Comparison of

s . Feature PNET Pancreatic RCC metastases P value?

quantitative variables of

pancreatic neuroendocrine Size (mm) 37423 (10-96) 26421 (9-95) 0.038

tumors and pancreatic renal Mean (HU) 108.4+39.4 (42.6-200.3) 108.7433.5 (53.5-191.1) 0.969

cell carcinoma metastases at

enhanced CT Median (HU) 108.7 +36.2 (33.0-199.1) 109.9+35.1 (50.0-196.1) 0.895
Kurtosis 1.49+6.56 (—0.68 to 34.55) 0.51+1.07 (= 1.12 to 4.30) 0.067
Skewness 0.13+0.96 (—0.79 to 4.47) —0.21+0.54 (—1.47 to 0.59) 0.099
Entropy 6.32+0.49 (5.36-7.45) 5.96+0.53 (4.34-7.34) 0.004

HU Hounsfield units, PNET pancreatic neuroendocrine tumor, RCC renal cell carcinoma

4Comparisons were performed using multivariable logistic regression
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metastases, since it is known that RCC metastases from
clear cell RCC may contain intratumoral lipid [31], whereas
the presence of intratumoral lipid should not be present in
PNETs. Clear cell RCC metastases do not always appear
similar on imaging to the primary tumor from which they
spread. Moosavi et al. found that in 20% of RCC metas-
tases which contained intracellular lipid at chemical shift
MR, the finding was not present in the primary tumor [32].
Further complicating recognition of RCC metastases is the
sometimes-long duration between initial RCC presentation
and the development of metastases, which can be 12 or more
years, and also that the pancreas can be the sole site of recur-
rence [7, 8]. Given the ubiquity of incidentally discovered
renal masses detected on CT or MRI in clinical practice
which can occur in up to 40% of patients [33], we believe it
useful to establish features on imaging that can be used to
differentiate PNETSs and RCCs.

PNETS often appear as solid hypervascular neoplasms on
arterial or occasionally portal venous phase imaging [34].
Prior work suggests that approximately 22% of PNETs con-
tain calcification [35], similar to our study. Although MPD
dilation is more commonly seen secondary to pancreatic
adenocarcinoma rather than PNETS, a minority of PNETSs
have been found to cause MPD dilation, which may be due
to mass effect from the tumor itself or from fibrotic stric-
ture formation secondary to serotonin or related metabo-
lites released by the tumor [36]. In our study, we found that
up to one-quarter of PNETs had associated MPD dilation,
whereas this finding was not present for any pancreatic RCC
metastases.

Molecular imaging techniques such as Gallium 68
DOTATATE PET/CT or octreotide scintigraphy can be
used to detect neuroendocrine tumors. While generally
accurate, these techniques depend on neuroendocrine tumor
somatostatin receptor expression which is not always high
(particularly in poorly differentiated subtypes) and have sev-
eral other pitfalls [37]. Furthermore, some RCCs express
somatostatin receptors and can demonstrate uptake [38]. We
consider molecular imaging techniques complementary to
enhanced CT at present, which has higher spatial resolution
and provides good anatomic detail.

A limitation of our study includes the relatively small
sample size, which we attempted to overcome by our multi-
institutional study design. Future larger scale studies are
required to validate our results if imaging is to replace histo-
logical sampling to differentiate pancreatic RCC metastases
from PNETSs. We studied portal venous phase enhanced CT
images, rather than unenhanced or arterial phase enhanced
CT images, primarily since these were most frequently avail-
able in our cohort to maximize our sample size. Analysis
of additional phases may provide further information and
improve accuracy which may be an area for future research.
Nevertheless, we believe that our results which demonstrate
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a difference between PNET and RCC metastases at portal
venous phase enhanced CT strengthens our study since por-
tal venous phase imaging is most frequently performed in
clinical practice, particularly among incidentally discovered
pancreatic masses. We did not perform a secondary analysis
comparing PNETs by grade to RCC metastases given the
relatively small number of high-grade PNETS in our cohort.
Lastly, we included only cases with surgical confirmation
rather than EUS-FNA biopsy specimens to ensure accu-
rate final diagnosis as EUS-FNA can sometimes lead to an
incorrect diagnosis or not provide a specific diagnosis due
to undersampling [15]. Excluding diagnoses obtained with
FNA biopsies reduced our total number of cases.

In conclusion, our study demonstrates that subjective
imaging features and quantitative texture analysis may dif-
ferentiate PNET from pancreatic RCC metastases. Tumor
calcification, solitary masses, and MPD dilation were spe-
cific features for PNET but lacked sensitivity, whereas the
quantitative texture analysis feature entropy improved sen-
sitivity for diagnosis with moderate overall accuracy. Our
results suggest that imaging features at enhanced CT may
accurately differentiate between pancreatic RCC metastases
and PNET and could potentially obviate the need for his-
tological confirmation, especially to confirm the presence
of metastatic disease in patients with a history of RCC,
although will require confirmation in larger sample sizes.
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