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Introduction

Diagnosis of a pancreatic mass has a broad
differential comprising both solid and cystic
lesions. The increasing utilization of cross-
sectional imaging frequently leads to incidental
pancreatic masses, including solid pancreatic
tumors in up to 7 % and pancreatic cystic lesions
inupto 16 % [1-3].

Taking into account the epidemiology of solid
pancreatic lesions, the majority of incidental pan-
creatic solid masses are pancreatic ductal adeno-
carcinomas [1]. However, a thorough medical
history and physical examination have to con-
sider the differential diagnosis, including pancre-
atic neuroendocrine tumors (PNETSs), metastasis,
and other malignant and benign pancreatic condi-
tions. Another challenge is avoiding unnecessary
surgical procedures in the treatment of diseases
that can mimic pancreatic cancer, such as autoim-
mune pancreatitis (AIP), chronic pancreatitis,
and lymphoma.
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The same is true for the differential diagnosis
of cystic pancreatic lesions, which encompasses
benign lesions, low-grade malignant lesions, and
malignant lesions, including pancreatic cancer.
This chapter focuses on the differential diagnosis
of solid and cystic pancreatic masses, as well as
their diagnostic approach. Following the descrip-
tion of different etiologies of pancreatic lesions
as well as their epidemiology and diagnostic hall-
marks, an evidence-based diagnostic algorithm
will be illustrated focusing on cross-sectional,
endoscopic imaging, and laboratory testing
(Table 16.1 and Fig. 16.1).

Pancreatic Adenocarcinoma

Pancreatic adenocarcinoma is the fourth leading
cause of cancer death despite its relatively low inci-
dence [25]. The average age at the time of diagno-
sis is 71 years, with a slight male predominance
[26]. It is speculated that males have more expo-
sure to risk factors for developing pancreatic can-
cer, including cigarette smoking and alcohol use.
Other associated factors are chronic pancreatitis,
obesity, high intake of animal fat, inherited genetic
predisposition, non-“O” blood group, and occupa-
tional exposure to nickel and chlorinated hydrocar-
bon [27]. In addition, several studies have reported
a relationship between pancreatic adenocarcinoma
and diabetes mellitus. In fact, more than two thirds
of patients with pancreatic adenocarcinoma have
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Fig.16.1 Diagnostic algorithm for pancreatic masses

diabetes mellitus at the time of diagnosis, and more
than 50 % of patients with pancreatic cancer have a
new onset of diabetes mellitus preceding the cancer
diagnosis by 2 years [28-31].

In most cases, pancreatic cancer is detected
based on imaging, which includes both the inci-
dental finding of a solid pancreatic mass and
focused hepato-pancreato-biliary evaluation in
symptomatic patients. No laboratory test with
high sensitivity and specificity exists to reliably
distinguish pancreatic cancer from benign pan-
creatic conditions [32]. The differential diagnosis
is initially based on imaging findings, which
emphasizes the importance of recognizing the
strengths and weaknesses of the available imag-
ing techniques.
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Abdominal ultrasound has been proven to be
of low yield for diagnosing pancreatic cancer,
with accuracy ranging between 50-70 % [33].
Computed tomography (CT) is the preferred test
to diagnose pancreatic cancer, as long as intrave-
nous contrast is appropriately utilized (pancreas
protocol). Multidetector CT (MDCT) with iodine
contrast has a sensitivity of 76-92 % [34, 35].
Herein pancreatic cancer enhances poorly due to
its hypovascularity, whereas 11 % of cases show
isoattenuating lesions [36]. In such cases, indi-
rect signs, including mass effect, abrupt pancre-
atic duct cutoff, and “double-duct sign,” defined
as dilation of both pancreatic and biliary ducts,
can be helpful to raise the suspicion of pancreatic
cancer [36, 37]. Pancreatic protocol CT scan with
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imaging of both arterial and venous phases fur-
ther increases the diagnostic yield of pancreatic
cancer up to a sensitivity of 89-97 % [38-40].
Endoscopic ultrasound (EUS) has been a fun-
damental tool for the evaluation of solid pancre-
atic masses since the 1990s. The sensitivity of
EUS to detect pancreatic cancer ranges between
the mid-80s and 100 % [41-50]. An important
advantage of EUS is its ability to acquire tissue
samples for cytology utilizing fine-needle aspira-
tion (FNA). Multiple authors have found that
EUS-FNA provides the most definite nonopera-
tive diagnosis of pancreatic cancer; the sensitiv-
ity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were
95-98 %, 85-100 %, 98-100 %, and <85 %,
respectively [51-54]. A recent meta-analysis
included 4984 patients who underwent EUS-
FNA for a solid pancreatic mass. Hewitt et al.
found a pooled sensitivity, specificity, PPV, and
NPV of 91 %, 94 %, 98 %, and 72 %, respec-
tively, to diagnose pancreatic cancer based on
EUS-acquired cytology [55]. By contrast, the
absence of pancreatic solid mass on EUS in
patients with clinical concern for pancreatic can-
cer has an NPV that approaches 100 % [56, 57].
Based on the available data, a negative or nondi-
agnostic FNA does not exclude pancreatic can-
cer. However, the absence of a pancreatic mass
lesion on EUS excludes pancreatic cancer in the
majority of cases. Yet, a repeat EUS within 2
months following a negative or nondiagnostic
EUS needs to be considered, especially in the
realm of high clinical suspicion for hepato-
pancreato-biliary malignancy. This diagnostic
approach is backed up by three studies. Bhutani
et al. reported on 20 patients with missed pancre-
atic cancer by EUS. Factors contributing to false-
negative EUS results were concomitant chronic
pancreatitis (n=12), diffuse infiltrating cancer
(n=3), ventral/dorsal split (n=2), and an episode
of acute pancreatitis within less than 4 weeks
prior to EUS (n=1) [58]. In another study,
Eloubeidi et al. reported on 22 patients with clini-
cal suspicion for pancreatic cancer who under-
went a repeat EUS-FNA for initially suspicious
(41.6 %), benign (41.6 %), or indeterminate
(8.3 %) EUS-FNA. Eighty percent of patients
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with initially suspicious EUS-FNA were diag-
nosed with malignancy. Moreover, in 20 % of
patients with initially benign EUS-FNA findings,
the diagnosis was changed to a malignant condi-
tion [59]. Accordingly, Suzuki et al. reported on
84 patients with initially inconclusive EUS-FNA
who underwent a repeat EUS-FNA at a high-
volume tertiary center for evaluation of a solid
pancreatic mass. The repeat EUS-FNA estab-
lished a diagnosis in 82.1 %, of which all cases
harbored a malignancy (mostly pancreatic adeno-
carcinoma, followed by PNET, metastasis, and
lymphoma) [60].

Not every solid pancreatic mass harbors pan-
creatic adenocarcinoma. The challenge to distin-
guish between the differential diagnoses of solid
pancreatic masses was evaluated by Tummala
et al. Based on EUS, malignant neoplasms were
detected in the majority (81.2 %) of patients with
solid mass and dilated main pancreatic duct.
Most were pancreatic ductal adenocarcinoma
(71.6 %) followed by PNET, giant cell neoplasm,
metastatic, nonsmall cell lung carcinoma, and
spindle cell carcinoma. It was found that 18.7 %
of the lesions were benign, including chronic
pancreatitis and cystic neoplasms. By contrast, in
patients with a nondilated pancreatic duct, most
pancreatic masses (66.2 %) were benign and
included chronic pancreatitis, cystic lesions, and
lymph nodes. PNETSs represented the majority of
the 33.7 % malignant lesions, followed by pan-
creatic ductal adenocarcinoma and metastasis to
the pancreas [61].

Additionally, EUS is important for evaluating
nonspecific pancreatic changes seen on CT and
MR, such as pancreatic ductal dilation and dif-
fuse pancreatic head enlargement. Sixty-five per-
cent of patients with those findings were
diagnosed with pancreatic cancer based on EUS
imaging [62, 63].

When compared with CT, EUS was found to
be superior for detecting pancreatic cancer, which
was reflected by a higher sensitivity of 94-99 %
vs. 57-86 % [64—66]. This was especially true for
pancreatic cancer under 3 cm in size [46].
Likewise, a systematic review of 678 patients
confirmed the higher sensitivity of EUS to detect
pancreatic cancer than CT (93-100 % vs.
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50-89 %) [67]. However, those studies are lim-
ited by their partially outdated CT techniques.
Despite the superior sensitivity of EUS to
detect pancreatic cancer, as of now MDCT scan
with IV contrast is the initial, preferred diagnos-
tic imaging test to detect pancreatic cancer. This
is mostly based on limited EUS availability. Also,
MDCT is interchangeable with MRI [68].

Chronic Pancreatitis

Chronic pancreatitis is an inflammatory condi-
tion resulting in permanent structural changes in
the pancreas leading to exocrine and endocrine
pancreatic insufficiency. It can be complicated by
inflammatory mass formation, especially in focal
chronic pancreatitis leading to bile duct or pan-
creatic duct obstruction, which can resemble pan-
creatic cancer. Additionally, chronic pancreatitis
is a risk factor for pancreatic cancer, which was
confirmed by a recent meta-analysis in which
5 % of patients with chronic pancreatitis devel-
oped pancreatic cancer over 20 years [69].
Historically, cross-sectional imaging has poor
sensitivity and specificity for differentiating
chronic pancreatitis from pancreatic cancer.
However, recent progress in CT and MRI tech-
niques improved the diagnostic yield. Triple-
phase CT scan was shown to differentiate
between pancreatic cancer and chronic pancreati-
tis with a sensitivity, specificity, PPV, and NPV
of 94.1 %, 83.6 %, 91.4 %, and 88.2 %, respec-
tively [70]. In terms of MRI, Sandrasegaran et al.
showed that a distinct mass was helpful in distin-
guishing between chronic pancreatitis and pan-
creatic cancer; however, the diagnostic yield
remained low [71]. Fewer data are available for
EUS. A small study revealed the sensitivity, spec-
ificity, and accuracy of EUS to distinguish
between cancer and focal pancreatitis to be 73 %,
100 %, and 83 %, respectively [72]. The combi-
nation of EUS and FNA for solid pancreatic
masses was shown to improve the sensitivity,
specificity, PPV, and accuracy to 89.5 %, 98.4 %,
99.5 %, and 91.5 %, respectively. The additional
value of EUS elastography to distinguish between
pancreatic inflammatory masses and pancreatic
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cancer was reflected in a meta-analysis showing a
pooled sensitivity and specificity of 92 % and
68 %, respectively [73].

Apart from imaging, pancreatic juice analysis
of DNA methylation markers appears to be a
promising approach to distinguish between
chronic pancreatitis and pancreatic cancer with
high sensitivity and specificity [74].

Groove pancreatitis is postulated to be a sub-
type of chronic segmental pancreatitis localized
between the pancreatic head, duodenum, and bile
duct. It is a particular challenge to distinguish
groove pancreatitis from pancreatic cancer.
Insufficient data are available for CT, MRI, and
EUS imaging to distinguish between both disease
identities. Pancreaticoduodenectomy remains the
mainstay of treatment, achieving both resolution
of obstructive symptoms caused by the inflam-
mation and tissue diagnosis to exclude pancreatic
cancer [75].

Acute Pancreatitis

Acute pancreatitis was shown to be the presenting
diagnosis of patients with pancreatic cancer in
1.3 %. Therefore, pancreatic cancer needs to be
excluded by imaging in all patients above the age
of 40 years who are diagnosed with new-onset
acute pancreatitis, despite the absence of gall-
stone disease, alcohol use, and hyperlipidemia
[76]. Imaging is also indicated for patients with
new-onset acute pancreatitis suspected to be sec-
ondary to alcohol or tobacco abuse, as both are
also risk factors for pancreatic cancer [27, 76].
Local complications of acute pancreatitis,
such as acute necrotic collection and walled-off
necrosis, could mimic or mask pancreatic cancer;
however, no literature exists on this topic.

Autoimmune Pancreatitis

Autoimmune pancreatitis (AIP) is a well-
recognized differential diagnosis for pancreatic
cancer. To date, two types of AIP are described:
AIP type 1 and AIP type 2. This is described in
detail in Chap. 5 in this book.
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Sausage-shaped enlargement of the pancreas
with a peripheral rim of hypoattenuation is the
hallmark presentation of AIP based on contrast-
enhanced CT (CECT) imaging. Similarly, MRI
reveals diffuse enlargement of the pancreas with
a hypointense capsule-like rim. In addition,
cross-sectional imaging adds the advantage of
assessing for extrapancreatic other organ involve-
ment [77].

Both AIP types can present with focal features,
including a pancreatic inflammatory mass and
pancreatic duct stricture, resembling pancreatic
cancer. This occurs more frequently in AIP type 2
(85 %) [78]. A frequent diagnostic challenge is a
common bile duct (CBD) stenosis, which can be
present in both AIP and pancreatic cancer. Yet the
CBD wall thickening of the stenotic area is
smoother in AIP than it is in pancreatic cancer.

EUS-FNA increases the diagnostic yield of
AIP in comparison with CT and MRI. Hypoechoic
enlargement of the pancreas with hyperechoic
spots and the absence of a discrete mass are typi-
cal features of AIP seen on EUS exam [7, 79].
The addition of an EUS-guided 19-gauge biopsy
can be diagnostic for AIP type 1 in up to 94 % of
patients, but only 42 % with AIP type 2 [80].

Chari et al. compared both imaging and labo-
ratory findings of patients with AIP and pancre-
atic cancer. According to their published
algorithm, only 30 % of patients with mainly AIP
type 1 required either a steroid trial or a pancreatic
specimen, which also included two pancreatic
resections, for the diagnosis of AIP [81]. However,
the nonoperative diagnosis of AIP type 2 lacks
both sensitivity and specificity. According to
HISOR criteria, the diagnosis of AIP type 2 can-
not be made unless histology is available, although
robust data on diagnostic accuracy are lacking
[77]. Therefore, close follow-up is recommended
when nonoperative workup is consistent for AIP
type 2 and excludes pancreatic cancer [82].

Cystic Pancreatic Tumors
Cystic tumors of the pancreas encompass mainly

three different tumor identities, including serous
cystic neoplasm, mucinous cystic neoplasm,
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and intraductal papillary mucinous neoplasm
(IPMN). These types are described in detail else-
where in this book.

Rare Pancreatic Tumors

Pseudopapillary tumor is a rare benign or low-
grade malignant neoplasm predominantly in
young women located mostly in the pancreatic
tail [83-86]. MRI was shown to be superior to
CT to identify characteristic features such as a
well-demarcated cystic or solid mass with fibrous
capsule as well as possible peripheral calcifica-
tion and hemorrhagic areas [87]. Accordingly,
EUS reveals a well-defined, hypovascular,
hypoechoic mass, with solid, cystic, or mixed
solid and cystic pancreatic component [88].
PNETSs are a heterogeneous group represent-
ing less than 10 % of all pancreatic neoplasms.
They occur in equal frequency in men and
women, most often between the sixth and seventh
decades. Between 5-10 % have a cystic appear-
ance, whereas the remaining tumors are solid
[89]. Further, PNETSs can be divided into non-
functional and functional PNETs. Functional
PNETs include insulinoma, glucagonoma, gastri-
noma, and VIPoma tumors and are associated
with a variety of clinical syndromes caused by
respective hormones secreted by the tumor [90,
91]. Nonfunctional PNETs are not associated
with a particular clinical syndrome. However,
these neoplasms also secret tumor-specific pep-
tides like Chromogranin A (CgA). In addition to
imaging and FNA of the tumor mass, CgA is cur-
rently utilized as a biomarker providing both
additional evidence for diagnosis as well as a
marker for surveillance of PNETSs [92-95].

Pancreatic Metastasis

The pancreas is rarely a site of metastasis. In this
context, renal cell carcinoma is the most common
metastasizing cancer followed by lung (both small
cell and non-small cell cancer), melanoma, breast,
colon, and other cancers (hepatocellular carci-
noma, ovarian cancer, carcinoid, liposarcoma).
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In the majority of cases, patients already have evi-
dence of the primary cancer as well as metastasis
to other organs. The exception is renal cell carci-
noma, which can present up to a decade following
the treatment of the primary tumor [96].

Metastatic disease is most commonly detected
as a localized solitary mass. However, multifocal
metastases as well as diffuse enlargement of the
pancreas due to metastasis were previously
reported [14, 19, 20]. EUS-FNA was shown to be
diagnostic for renal cell cancer, lung cancer, and
melanoma. Additionally, renal cell cancer can be
distinguished from pancreatic adenocarcinoma
by its hypervascularity [21, 97].

Other Diseases

An intrapancreatic accessory spleen is a congeni-
tal abnormality with an estimated prevalence of
1:500. Hereby, the pancreatic tail is the second
most common site of an accessory spleen [98].
Contrast-enhanced  cross-sectional  imaging
reveals a hypervascular mass which enhances
similarly as the spleen [98, 99].

Further rare solid pancreatic masses include
acinar cell carcinoma, benign fibrous tumor, giant
cell osteoclastoma, adenosquamous carcinoma,
lymphoma, and teratoma with substantial overlap
with rare cystic tumors. Those include metastatic
disease, teratoma, pancreatoblastoma, lymph-
angioma, and lymphoepithelial cyst [9, 14]. A
specific diagnosis of those uncommon tumors is
rarely made by sole imaging. Accordingly, a tis-
sue diagnosis is required and usually obtained by
EUS-FNA or by pancreatectomy, which is also
the definitive therapy in most cases.

Diagnostic Algorithm
for a Pancreatic Mass

Each patient with a new pancreatic mass requires
a thorough anamnesis, which should at best pre-
date the index abdominal imaging. Thus, a delay
of diagnosis of unusual causes of a pancreatic
mass (e.g., PNET or metastasis) can be avoided.
Most patients will have an incidental pancreatic
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mass found during evaluation for nonspecific
symptoms, whereas only a minority of patients
will have painless jaundice, which is a hallmark
for pancreatic cancer. Any unexplained acute
pancreatitis after the age of 40 years as well as a
worsening course of chronic pancreatitis should
include pancreatic cancer in the differential diag-
nosis [27, 76].

Following the anamnesis, the attention is
drawn to the imaging study. Given the limitation
of transabdominal ultrasound as well as noncon-
trast CT, each patient should undergo a cross-
sectional imaging study utilizing intravenous
contrast [33]. Alternatively, EUS can be offered
for patients with contrast allergy or contrast intol-
erance (e.g., due to renal failure).

Any new solid pancreatic lesion raises the
concern for pancreatic malignancy, with pancre-
atic adenocarcinoma being the most common
one. Depending on the contrast enhancement pat-
tern as well as the evaluation of a possible local
and distant spreading, pancreatic carcinoma can
be distinguished from PNET and metastasis as
well as from benign conditions most of the time
[34-36]. According to local surgical preference
and availability of neoadjuvant therapy, EUS can
be offered to obtain a tissue diagnosis. Hereby,
the presence of a dilated pancreatic duct shifts the
likelihood from a benign condition to a malignant
condition [61].

The workup of a pancreatic mass in patients
with underlying chronic pancreatitis is chal-
lenging. Neither cross-sectional imaging nor
EUS-FNA reaches a sufficient sensitivity and
specificity to distinguish benign from malignant
masses, which implicates the frequent need for
pancreatic surgery [100].

Patients with no risk factors for chronic pan-
creatitis or pancreatic cancer who are diagnosed
with a new pancreatic mass or a diffuse pancre-
atic duct stricture without typical features of a
pancreatic adenocarcinoma require additional
workup. This requires the measurement of serum
IgG4 level as well as a focused review of cross-
sectional imaging for rim enhancement and the
so-called other-organ involvement to evaluate for
AIP. Hereby, most cases of AIP type 1 can be
diagnosed noninvasively [78, 81, 101, 102].
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EUS-FNA adds additional diagnostic informa-
tion for both AIP type 1 and type 2 although that
approach has low yield for AIP type 2 [80]. A
steroid trial for suspected AIP requires a repeat
imaging test to document resolution of pancreatic
mass or pancreatic duct stricture. The absence of
improvement raises the concern for a malignant
process necessitating a surgical resection in
patients with resectable disease.

A solid pancreatic mass visualized on both
cross-sectional imaging followed by a nondiag-
nostic EUS-FNA remains of high concern for
pancreatic cancer [103]. Therefore, indetermi-
nate imaging studies of a solid pancreatic mass
in conjunction with a negative, indeterminate,
and/or benign FNA require close follow-up. As
EUS-FNA is limited by an NPV of approxi-
mately 80 %, a repeat FNA is indicated within
1-2 months, preferably at a high-volume ter-
tiary center [51-53, 58, 60]. Concomitantly,
evaluation for AIP needs to be performed as
delineated above.

The absence of a visualized mass on EUS
despite a documented pancreatic solid lesion on
initial cross-sectional imaging requires further
attention. When available, contrast-enhanced
EUS and EUS elastography add valuable infor-
mation to identify a target lesion for FNA [51,
73, 104, 105]. This applies particularly for
patients with underlying chronic pancreatitis
which is associated with false-negative EUS
results [58, 72, 100]. The presence of chronic
pancreatitis or dilation of the pancreatic duct, in
the absence of a distinct pancreatic mass on
EUS, needs to be followed by a repeat EUS
exam within 2 months [58, 61, 72, 100].
Contrary, a pristine pancreas on EUS virtually
excludes pancreatic cancer [56, 57].

Negative cross-sectional imaging studies in
the context of a high clinical concern for pancre-
atic malignancy require a high-quality contrast
CT if not already performed initially. Depending
on local preference, CT is interchangeable with
MRI [68]. Insulinoma is an exemption, as EUS
was shown to be superior compared with contrast-
enhanced cross-sectional imaging for its detec-
tion [106]. Following a negative or nondiagnostic
high-quality CT study, EUS adds further infor-

mation. A normal pancreatic EUS exam excludes
pancreatic cancer as described above with a high
NPV, and an alternative diagnosis needs to be
considered [56, 57]. In selected cases with sub-
stantial concern for pancreatic cancer, EUS can
be repeated within 1-2 months to reevaluate for
pancreatic mass lesion given the small chance of
an initially false-negative test [58].

Correct identification of a cystic lesion on
cross-sectional imaging is particularly challeng-
ing. The majority of cystic lesions encompass
serous cystic neoplasm, mucinous cystic neo-
plasm, and IPMN, which can be best distin-
guished by their characteristic epidemiologic
profile in combination with typical features on
contrast-enhanced cross-sectional imaging and
cystic fluid evaluation (cytology, CEA, and amy-
lase level). Management of cystic neoplasms
depends on their type, size, main pancreatic duct
involvement in case of IPMN, presence of con-
cerning EUS features (mural nodules), interval
tumor growth, and the presence of symptoms
which eventually leads to the decision to perform
surgery [107-111].

Atypical features of solid and cystic pan-
creatic masses on cross-sectional imaging,
which can include atypical contrast enhance-
ment pattern of the mass, require evaluation
with EUS-FNA. In the setting of a broad dif-
ferential diagnosis, including malignant tumors
like PNET, metastatic disease, lymphoma, tera-
toma, pancreatoblastoma, solid pseudopapillary
tumor, as well as benign findings such as acces-
sory spleen, EUS-FNA is of particular interest
to provide a nonoperative diagnosis [9, 14, 21,
97-99].
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