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Abstract Pancreatic cysts are being identified with increasing frequency due to a combination of increased awareness and
more frequent use of cross sectional imaging. Cystic neoplasms of the pancreas range from completely benign to frankly
malignant. Identifying pre-malignant cysts offers the opportunity to prevent the development of pancreatic cancer. This
article reviews the presentation, workup, and non-operative and operative management of premalignant and malignant

pancreatic cysts.
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Abbreviations

CT Computer axial tomography
EUS Endoscopic ultrasound
EUS-FNA  Endoscopic ultrasound with fine

needle aspiration

IPMN Intraductal papillary mucinous
neoplasm

BD-IPMN  Branch duct [IPMN

MD-IPMN  Main duct IPMN

MEN Multiple endocrine neoplasia

MRI Magnetic resonance imaging

MCN Mucinous cystic neoplasm

MCA Mucinous cystadenocarcinoma

MPD Main pancreatic duct

PanNET Pancreatic neuroendocrine tumor

PDAC Pancreatic ductal adenocarcinoma

SCA Serous cyst adenoma

SCAC Serous cystadenocarcinoma

SPT Solid pseudopapillary tumor

VHL Von Hippel Lindau
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Introduction

Neoplastic cysts of the pancreas were previously thought
to be a rare condition, being identified on 0.2 % of trans-
abdominal ultrasounds." With the increased use of cross-
sectional imaging and improvements in these technologies,
pancreatic cysts have now become one of the more com-
mon gastrointestinal disorders. One contemporary study
has reported that the prevalence of incidental pancreatic
cysts identified on multi-detector computer tomography
(CT) scans is 2.6 %.> The prevalence of incidental pan-
creatic cysts identified on magnetic resonance imaging
(MRI) is generally higher than CT and ranges from 2.4°
to 13.5 %." Interestingly, radiologists often fail to docu-
ment pancreatic cysts, with 69 % of cysts not being
reported in the original radiology report suggesting that
these lesions are under diagnosed.® Surgical series also
demonstrate a rising prevalence of incidentally detected
pancreatic cysts which has increased by 28 % over the
33 years.’

Cystic neoplasms of the pancreas are a biologically het-
erogeneous group of tumors that range from completely
benign to frankly malignant. As such, these lesions pose a
significant management challenge. The care of these
patients requires balancing the risk of an unnecessary pan-
createctomy that is associated with significant mortality and
morbidity with missing or preventing a potentially curative
malignancy. The presumptive classification of the cyst on
clinical grounds is important for subsequent management.
Guidelines for the management of pancreatic cysts exist.”
Ongoing studies, including the genetic characterization of
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cystic neoplasms of the pancreas, hold the promise for
improvements in future management paradigms. The
goals of this review is to provide an overview of the
most commonly identified cystic neoplasms of the pan-
creas and to present a general guideline for their man-
agement based on the available literature and consensus
guidelines.

Classification of Pancreatic Cysts

Pancreatic cysts can be broadly divided into inflammatory
and neoplastic cysts. Inflammatory cysts, also known as
pseudocysts, are the sequelae of pancreatitis and have no
malignant potential and will not be discussed further. Neo-
plastic cysts are classified based on the type of fluid they
produce into non-mucinous and mucinous cysts (Fig. 1).
Non-mucinous cysts include a primarily cystic lesion called
a serous cystadenoma (SCA) and several primarily solid
lesions that undergo cystic degeneration. The vast majority
of the latter category consists of cystic pancreatic neuroen-
docrine tumor (PanNET) and solid pseudopapillary
neoplasms (SPN). Pancreatic adenocarcinoma rarely degen-
erates into a cystic lesion but may be associated with a
mucinous pancreatic cyst. Mucin-producing cystic neo-
plasms are precursor lesions to invasive pancreatic cancer

(i.e., pancreatic adenocarcinoma/ductal adenocarcinoma)
and are comprised of the relatively uncommon mucinous
cystic neoplasms (MCN) and the more common intra-
ductal papillary mucinous neoplasms (IPMN). Finally,
very rare cystic lesions exist and include lymphoepithelial
cysts, acinar cell cystadenoma and cystadenocarcinoma,
cystic teratoma, choriocarcinoma, and angiomatous neo-
plasms. In a large retrospective study of resected pancre-
atic cysts, IPMN were the most commonly resected cyst
accounting for 23.6 % of cases, 23.4 % were MCN,
while PanNET accounted for 7.3 %, SPN for 3.4 %, with
cystic degeneration of ductal adenocarcinoma accounting
for 0.8 %.’

Symptoms

With the advent of frequent cross-sectional imaging in the
workup of numerous abdominal complaints, the most com-
mon presentation of a pancreatic cyst has changed over the
years. Currently, the most common presentation is the inci-
dental finding of an asymptomatic cyst.’ In patients who
present with symptoms, the complaints are often non-
specific such as nausea, vomiting, or vague abdominal
pain.”’*® Symptoms that are directly attributable to the cyst
include jaundice, acute pancreatitis, abdominal pain, back

Pancreatic Cysts
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Fig. 1 Algorithm for the management of mucinous and non-mucinous pancreatic cysts
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pain, steatorrhea, and weight loss” (Table 1). Jaundice, sig-
nificant weight loss, and pain are associated with a high risk
of malignancy in certain cyst types.

Diagnosis

The diagnosis of a pancreatic cyst is most often made by CT
or MRI either performed for symptoms caused by the lesion
or by another condition. The management of an individual
with the finding of a pancreatic cyst is dependent on a
presumptive diagnosis of cyst type. Determination of this
presumptive diagnosis is based on clinical factors such as
gender, age of presentation, and cyst characteristics as de-
termined by imaging modalities and cyst fluid analysis.
Although this paradigm is never completely accurate in
distinguishing among cyst types, it is correct the majority
of the time. With this limitation in mind, all patients can be
managed safely.

Table 1 Features of neoplastic pancreatic cysts

Several factors can be used to help determine the etiology
of a pancreatic cyst (Table 1). These factors are divided into
patient demographics/history, imaging characteristic, and
cyst fluid analysis. With regards to demographics, the af-
fected patient population is distinct for the various cyst
types. The commonly found IPMN have age and gender
distribution similar to that of pancreatic adenocarcinoma
albeit the median age of presentation in several years youn-
ger consistent with their precursor status. The less common
MCNs are almost always found in middle-aged females. A
recent multicenter study found that 98.1 % of MCN oc-
curred in females with a mean age of 48.1.'° SCA are also
seen predominately in women but to a much lower degree
with a male to female ratio of 30:70."" The gender distribu-
tion of SPN is similar to that of MCNs in that over 89 % of
SPN occur in women,'? '* making this diagnosis far less
likely in men. SPN classically occur in young women, with
a median age of 21-33, much younger than that of SCA or
MCN.>!'* Cystic PanNET follow the demographics of their

Pancreatic cyst SCA>: 7> 14 16, 28,29 IPMN ° MCN 7 6 8 10 SPN * 13
Sex (female, %) 68-80.7 50-57 84-98.1 88-91
Mean age 60-61 69 45-51 21-33
Symptoms (%) 19.8-64 52-65 48.6-84 89.5
Abdominal pain (%)  12-47 51-64 52-60 46.5
Acute pancreatitis (%) 0.9-4 12-23 9.2-10 0
Weight loss (%) 0-14 2044 11.7-21 0.93
Nausea/vomiting (%) 1-6 2-21 43 7.1
Jaundice (%) 1-7 7-33 0 1.09
Location
Head/uncinate (%) 37-44 58-71.7 0.6-26.1 31-34
Body or tail (%) 53-61 30.6-37 67.3-99.4 61-69
Mean size (cm) 4.1-5.1 2.9-2.9 4.4-5.0 4.1-6.1
Multiple (%) No* 20-25 No No
Appearance MD-IPMN BD-IPMN

58 % microcystic MPD >5 mm Dilated side branches Unilocular cyst Cystic and solid

>5 mm in communication appearance
20 % macrocystic Mixed: dilation MPD> with MPD Calcification around No communication
5 mm and side branches edge of the cyst with MPD

16 % mixed Classically no communication

3 % solid seen with MPD

30 % central calcification

Classically no

communication seen
with MPD

Cyst fluid CEA Low High High Not applicable

Mucin-containing
columnar cells; atypia

Cyst fluid cytology Cuboidal glycogen-

staining cells

Mucin-containing columnar Branching papillae
cells; small papillary sheets; with myxoid
atypia stroma

#Unless associated with Von Hippel Lindau syndrome

MPD main pancreatic duct, /PMN intraductal papillary mucinous neoplasm, BD-IPMN branch duct IPMN, MD-IPMN main duct IPMN, MCN
mucinous cystic neoplasm, SCA serous cystadenoma, SPN solid pseudopapillary tumor
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solid counterparts. Other factors in the past medical history
may give further clues as the cyst type. A personal history of
pituitary and thyroid adenoma should raise the possibility of
multiple endocrine neoplasia (MEN) 1 which is associated
with PanNET. SCA are most often sporadic but can be
seen in patients with Von Hippel Lindau syndrome
which is a rare, autosomal dominant disease, associated
with a constellation of conditions including hemangio-
blastomas, retinal angiomas, clear cell renal carcinomas,
and pheochromocytoma.

The findings on imaging are also very useful in discrim-
inating among the various cyst types (Table 1). Important
parameters to assess include the number of cysts, enhance-
ment pattern, morphology, and relationship with the pancre-
atic duct. IPMN are found throughout the gland with 20 to
25 % being multifocal whereas over 95 % of MCN occur in
the body or tail of the pancreas and are essentially never
multifocal.”'* Similarly, SCA and SPN are most often found
as isolated lesions. Cystic PanNET are similarly isolated
lesions but can be multifocal in patients with MEN 1.

In addition to location, the appearance on CT or MRI is
also important. All neoplastic cysts have at least a portion of
the tumor that enhances with fluid density consistent with
their cystic nature. Simple thin-walled cysts are comprised
essentially of mainly cyst fluid, and the enhancement pattern
of the wall may be hard to assess. In cysts with thicker walls,
the enhancement pattern can often be evaluated. For mucin
producing tumors, enhancement is isodense or hypodense
on venous phase. Nodularity of the wall is considered to be
a solid component or mural nodule. The wall of a cystic
Pan-NET often enhances on arterial phase unlike IPMN,
MCN, SPN, and SCA that have an isodense wall in this
phase.

The morphology of cysts on imaging is also important in
differentiating among the various types. Main duct IPMNs
(MD-IPMN) are characterized by a diffuse dilatation of the
main pancreatic duct in the absence of a prominent cyst.
Dilatation of the main pancreatic duct in conjunction with at
least one pancreatic cyst is considered to be a mixed type
IPMN. Side-branch (SB-IPMN) and mixed type IPMN are
usually multiloculated lesions that can be thought of as
mimicking a cluster of grapes. This is in contrast to SCA
in which approximately 58 % have a classic microcystic
morphology®'? (Fig. 2) that is similar to the appearance of a
sliced orange. It should be noted that 20 % of SCA are
macrocystic which are virtually identical in appearance to
MCN (Fig. 3). Sixteen percent mixed micro- and macrocystic,
while 3 % had a solid appearance mimicking a PanNET or
cystic adenocarcinoma.”

MCN and cystic PanNETs most often have very few
septations and are spherical. The appearance of SPN is
characterized by both solid and cystic components.
IPMN are seldom found in association with a

@ Springer

calcification while 25 % of SCA have a characteristic
calcification within the center of the cyst that is consid-
ered virtually pathognomonic.'® Peripheral calcification
can occur in both MCN and SPN.

Communication with the pancreatic ductal system is also
useful in differentiating the various cysts. This communica-
tion is probably best visualised with MRI-IPMN communi-
cate with the pancreatic ductal system, whereas MCN, SCA,
SPN, and cystic PanNET do not. This feature has been used
in many studies to define BD-IPMN or mixed IPMN. %'

Endoscopic ultrasound (EUS) provides useful additional
information to cross-sectional imaging. When performed by
an experienced gastroenterologist, this modality is highly
sensitive in determining the presence of a solid component
and the relationship to the pancreatic ductal system.
Moreover, EUS allows for fine needle aspiration
(FNA) of the pancreatic cyst. The cyst fluid can be
analyzed for CEA, amylase, cytology, and molecular
markers. A multicenter study found that elevated cyst
fluid CEA was superior to either EUS morphology or
cytology with a cutoff of 192 ng/mL associated with a
79 % sensitivity and 84 % specificity for identifying
mucinous cysts.'” A low CEA of <5 ng/mL has a 50 %
sensitivity and 95 % specificity for the identification of
a SCA or pseudocyst.'® Cyst fluid amylase is elevated if
there is communication between the cyst and the main pan-
creatic duct with a very low amylase (<250 IU/L) associated
with a 98 % specificity for pseudocyst. In a large,
prospective multicenter trial, cytology had a high spec-
ificity (83 %) but low sensitivity (35 %) for identifying
mucinous cysts.'” However, it has a higher sensitivity and
specificity of 88 % and 96 %, respectively, for detecting
cystadenocarcinoma.'’

Risk of Malignant Transformation and Treatment

The management of pancreatic cysts is determined by the
etiology of the cyst and the risk of malignant transformation

(Fig. 1).
Serous Cystadenoma

The risk of malignant transformation of SCA is extremely
low, with four large studies collectively representing a total
of 693 patients reporting a risk of serous cystadenocarci-
noma (SCAC) ranging between 0 and 1.2 %.%'"2*?! Aside
from the development of SCAC, there is a small risk of
patients developing what has been termed a “locally aggres-
sive” SCA, and there may be a slight increased risk of
malignancy in this subset. The largest series on this topic
reported the risk of aggressive behavior, defined as local
invasion, to occur in 5.1 % of patients undergoing resection
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Fig. 2 Classic appearance of a
microcystic serous
cystadenoma. a EUS image
showing the classical
microcystic appearance. b CT
of the same patient. ¢ 3D
reconstruction showing the
blood vessel draped over the
cyst. (CT images courtesy of
Dr. E. Fishman)

of SCA."" One of the 13 patients with local invasion subse-
quently developed SCAC with liver metastases.

Based on the low risk of malignancy of SCA, surgical
resection should only be considered when the cysts are caus-
ing symptoms or when differentiation from a mucinous cystic
neoplasm with concerning features is not possible.”'**? This is
also the recommendation of the American College of

Fig. 3 Macrocystic serous
cystadenoma. These images
show four different examples of
macrocystic SCA

Gastroenterology guidelines.* It should be noted that some
authors have proposed that SCA greater than 4 cm should be
considered for resection based on the premise they may grow
and become unresectable or degenerate into a malignancy” '~
however this is approach controversial.

For patients who do not undergo resection, there are no
guidelines for how often they should undergo surveillance.
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A recent study has assessed the rate of growth of SCA in
145 patients.'” The rate of growth was found to be smaller
(0.1 cm/year) in the first 7 years compared to the subsequent
period (0.6 cm/year).'> More rapid tumor growth was asso-
ciated with macrocystic SCA and increased age. Our proto-
col at Johns Hopkins is for yearly cross-sectional imaging
on presumed SCA.

IPMN

The risk of malignancy of IPMNss is related to the involve-
ment of the main pancreatic duct. Main duct IPMN (MD-
IPMN) are defined as having segmental or diffuse dilation
of the main pancreatic duct to >5 mm in the absence of a
dominant cyst. Branch duct IPMN (BD-IPMN) are defined
as an [PMN with at least one cysts measuring >5 mm in
diameter in the presence of a normal or minimally dilated
pancreatic duct. A mixed type IPMN has either one or more
dominant cysts in combinations with a pancreatic duct mea-
suring >5 mm. This classification scheme has important
clinical implications since the risk of malignancy is relative-
ly high in both main duct and mixed types. MD-duct or
mixed IPMN is associated with 62.2 and 57.6 % high-grade
dysplasia and 43.6 and 45.3 % invasive cancer,
respectively.® BD-IPMN is associated with a lower risk of
24.4 and 16.6 %, respectively.®

Surgical resection should be considered in all patients
with main pancreatic ductal (Fig. 4). In contrast, BD-
IPMN has a much lower risk of malignant transformation,
with an annual rate of 2 to 3 %.”**> Surgery is recommen-
ded in patients with obstructive jaundice due to the cyst or
where there is a solid component within the cyst. Patients
whose cyst measures >3 cm, where the cyst walls are thick-
ened or enhancing, the main pancreatic duct measured be-
tween 5 and 9 mm, where there is an abrupt change in
caliber of the pancreatic duct with distal pancreatic atrophy,
there is a non-enhancing mural nodule or those who are
symptomatic should undergo EUS. Patients who are found
to have a mural nodule, main duct suspicious for involve-
ment, or cytology suspicious or positive for malignancy
should be considered for surgical resection.® All BD-
IPMN who do not fulfill these criteria should undergo
surveillance, the timing of which is determined by cyst size
(Fig. 4). In prior guidelines, cyst size >3 cm was considered
an indication for resection; however, in the most recent
guidelines published earlier this year, BD-IPMN >3 cm
without any suspicious features can be observed, particular-
ly if elderly.

IPMN recurs in up to 20 % of patients following
resection.® Postoperatively, patients with cysts in the rem-
nant pancreas should be followed as per BD-IPMN protocol
(Fig. 4). Those without cysts and with negative margins
(including those with PanIN-1A or 1B) can undergo
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surveillance at 2 and 5 years.® Patients with low- or
moderate-grade dysplasia at the margin and no invasive
component should undergo clinical review and MRCP twice
a year is asymptomatic. Those with invasive disease should
be followed as per pancreatic ductal adenocarcinoma
protocol.®

MCN

Prior studies had suggested that MCN had a high risk of
malignant transformation with a risk of invasive mucinous
cystadenocarcinoma of 44 % reported in one study of 32
patients.”® More recent studies have found a lower associa-
tion of malignant transformation. A recent multicenter study
from the Japanese Pancreas Society of 156 patients with
surgically resected MCN found that 13.4 % had high-grade
dysplasia, with only 3.9 % having invasive cancer.'” A joint
study in 163 individuals from the Massachusetts General
Hospital and the University of Verona found HGD in 5.5 %
and invasive carcinoma in 12 %.’ One reason for the differ-
ence between the older and newer studies is that several of the
older studies did not require the presence of ovarian stroma as
a prerequisite for the diagnosis of MCN thus likely including
side branch IPMN.?"° The size of the cysts in the more
recent studies is also smaller (mean 5.5 versus 10.5 cm’®)
with studies showing no malignancy in MCNs which measure
less than 4 cm without mural nodules.”

Surgical resection is recommended for all surgically fit
patients with MCN based on the rationale that the natural
history of this disease is unknown and that the majority of
the patients are young and will require years of follow-up
with cross-sectional imaging.®** In patients who are older, or
frail, observation may be considered.®

The survival of patients with low, moderate, or high
dysplasia in MCN is excellent with 100 % 5-year disease-
specific survival in two large studies.’ Survival for those
with invasive disease is far lower with 5-year survival of
between 0 and 57 %.”'® Given these findings, only patients
with invasive MCN require postoperative follow-up imag-
ing, which should match that of PDAC. Patients with MCN
and no evidence of invasive disease do not require postop-
erative surveillance.’

SPN

Solid pseudopapillary neoplasms are considered low-grade
malignant neoplasm with the potential for metastatic spread,
and surgical resection is therefore recommended in all
patients.'* Long-term prognosis is excellent in patients who
undergo surgical resection with 5-year survival of 95 %.'* Even
in patients with metastatic diseases, prognosis remains good
with only 18.2 % of patients with metastases dying with a mean
follow-up of 6.3 years (range 1-16).>" Postoperative
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Any of the following features associated with high risk of malignancy:

A)Obstructive jaundice in a patient with cystic lesion of the head of the pancreas. B) Enhancing solid component within cyst. C) Main
pancreatic duct >10 mm in size.

Yes

No

A 4

Consider
Surgery

Any of the following clinical or imaging characteristics present:

A) Pancreatitis .B) Cyst >3 cm. C) Thickened/enhancing cyst walls. D) Main duct size 5-9 mm. E) Non-
enhancing mural nodule. F) Abrupt change in caliber of pancreatic duct with distal pancreatic atrophy.

4 ¢Yes

Yes Perform EUS

v

No

y

Any of the features present:
A) Definite mural nodule . B) Main duct features No S
L
suspicious for involvement. C) Cytology: suspicious or
positive for malignancy.
e

What is the size of the largest cyst?

3 /

/

™~

2-3cm

>3 cm

v

<lecm 1-2cm
Surveillance Surveillance

every 2-3 years yearly

Surveillance every 3to 6
months

Surveillance every 3 to 6 months
Strongly consider surgery in
young, fit patients

Fig. 4 Management of IPMN (Adapted from Tanaka et al,%)

surveillance is normally performed with cross-sectional imag-
ing every 6 months for 2 years and then annually for a total of
5 years.

Cystic Neuroendocrine Neoplasms

Similar to their solid counterpart, cystic NEN are considered
to be malignant lesions and should undergo complete surgical
resection. The role of enucleation of non-insulinoma neuro-
endocrine neoplasms is controversial and should be avoided.
The outcome for cystic NEN is good with a 5-year survival
rate of 98 % similar to solid neuroendocrine neoplasm.’

Non-surgical Treatment

The majority of patients presenting with pancreatic cysts are
elderly. Pancreaticoduodenectomy is associated with a mor-
tality of up to 2 %, with morbidity of approximately 40 %
even in high volume centers.”’***% Furthermore, there is
significant cost in performing surveillance of cysts over
several years. Given these factors, non-operative therapies
for pancreatic cysts have been proposed. Ablation of the
epithelial lining of pancreatic cysts has been proposed as a
way to remove the neoplastic potential. To date, there have
been five studies using either ethanol alone or with pacli-
taxel for cyst ablation.”*® Cyst have decreased to <5 % of

their original size following ablation in 33 to 35 % of
patients treated with ethanol***” and 50 to 79 % using
combination alcohol and paclitaxel,>~*** with increased
ablation when more than one ablation session is
performed.*® In patients who have undergone surgical re-
section, cyst epithelial ablation varies from 0 to 100 %.
Complications from this procedure are higher than those
reported with routine EUS-FNA of a pancreatic cyst, with
postprocedure pancreatitis occurring in between 2 and 10 %
of patients, abdominal pain in 2 % to 20 %, fever in 2 %,
and intracystic bleeding in 2 %.**7% Cyst ablation is an
interesting concept, but given the lack of complete ablation
of the epithelium, it should only be performed in individuals
who are not surgical candidates and should be performed as
part of a clinical trial.

Conclusion

Pancreatic cysts are being detected with increased frequen-
cy. Improvements have been made over the last decade, with
fewer benign cysts undergoing surgical resection; however,
further progress is required. Current tools for differentiating
mucinous from non-mucinous cysts are inadequate. New
markers show promise but require validation in large, pro-
spective trials.
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