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Management of pancreatic cysts and
guidelines: what the gastroenterologist

needs to know

Ross C.D. Buerlein' and Vanessa M. Shami

Abstract: The prevalence of pancreatic cysts has increased significantly over the last decade,
partly secondary to increased quality and frequency of cross-sectional imaging. While

the majority never progress to cancer, a small number will and need to be followed. The
management of pancreatic cysts can be both confusing and intimidating due to the multiple
guidelines with varying recommendations. Despite the differences in the specifics of the
guidelines, they all agree on several high-risk features that should get the attention of any
clinician when assessing a pancreatic cyst: presence of a mural nodule or solid component,
dilation of the main pancreatic duct (or presence of main duct intraductal papillary mucinous
neoplasm), pancreatic cyst size =3-4 cm, or positive cytology on pancreatic cyst fluid
aspiration. Other important criteria to consider include rapid cyst growth (=5 mm/year),
elevated serum carbohydrate antigen 19-9 levels, new-onset diabetes mellitus, or acute
pancreatitis thought to be related to the cystic lesion.
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Pancreatic cystic neoplasms (PCNs) are a varia-
ble group of cystic lesions which are typically
diagnosed incidentally.! More than 70% of inci-
dentally discovered PCNs are asymptomatic;
however, a subset of these lesions are premalig-
nant, thus raising significant clinical concern.!>
Despite the bourgeoning literature on the topic,
the workup and management of PCNs remain
both confusing and problematic for many clini-
cians. There are multiple guidelines on the man-
agement of PCNs, though each varies, and the
most ideal balance of surveillance and interven-
tion for specific lesions remains highly debated.
The proper management of PCNs requires a
detailed understanding of the various types of
PCNs, their associated malignancy risk, the
guidelines for surveillance and intervention, and
the cost analysis of such guidelines.

Improvement in the quality of cross-sectional
imaging studies coupled with an aging population
has led to an increase in the incidental detection
of asymptomatic pancreatic cysts. Studies have

shown higher rates of PCNs in older patients,
although the true prevalence of these lesions
remains unclear and varies significantly between
studies based on the timing of the study and the
age of the population included. For example, an
older study with a younger patient population
showed the rate of incidentally detected PCNs to
be as low as 2.4%, whereas a more recent study
with an older patient population showed the rate
as high as 50%.236-11 Kromrey and colleagues?
analyzed magnetic resonance imaging (MRI)/
magnetic resonance cholangiopancreatography
(MRCP) studies obtained in 1077 patients par-
ticipating in the Study of Health in Pomerania, a
prospective-based cohort study in Northern
Germany designed to better determine the inci-
dence and prevalence of various diseases. They
showed the weighted prevalence of PCNs to be
49.1%, with older patients having a higher preva-
lence, number, and size of PCNs. Moris and col-
leagues!? studied a sample of 500 MRIs obtained
for other indications at the Mayo Clinic over a
10-year period and found an incidental PCN in

Ther Adv Gastrointest
Endosc

2021, Vol. 14: 1-21

DOI: 10.1177/
26317745211045769

© The Authorl(s), 2021.
Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Vanessa M. Shami
University of Virginia
Digestive Health, 1215 Lee
Street, Charlottesville, VA
22903, USA.
vmséeldvirginia.edu

Ross CD Buerlein
University of Virginia
Digestive Health,
Charlottesville, VA, USA

journals.sagepub.com/home/cmg

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


http://journals.sagepub.com/home/cmg
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:vms4e@virginia.edu

Therapeutic Advances in Gastrointestinal Endoscopy 14

41.6% of patients as well as a significant increase
in PCN detection with newer MRI hardware and
software compared with older models. Despite
the high overall prevalence of PCNs, few of these
lesions are large. In fact, a review of five studies
including 25,195 patients found the prevalence of
PCN >2 cm to be only 0.8%.13:14

The malignant potential of various types of PCNs
differ greatly, which highlights the importance of
distinguishing benign lesions from those that har-
bor significant risk for the development of pan-
creatic cancer. Serous cystic neoplasms (SCNs),
for example, have no malignant potential, whereas
intraductal papillary mucinous neoplasms
(IPMNs) do. A review of 99 studies including
9249 patients with IPMNs, many of whom con-
tained high-risk/worrisome features resulting in
surgical resection, found the incidence of pancre-
atic cancer or high-grade dysplasia to be 42% at
the time of surgical resection.!> However, the
risks of surgery are not negligible. In fact, the
mortality rate from surgical intervention for pan-
creatic cysts is estimated to be between 1% and
7%, and the morbidity rate is as high as 64%
(average of 30%), so surgical intervention must
be carefully considered, particularly given the
increased incidence of PCNs in older patients.!3:15

Understanding of the various types of PCNs can
help guide surveillance and intervention recom-
mendations (see Table 1). PCNs are typically
divided into two categories: mucinous and non-
mucinous. Those that are mucinous (IPMNs,
MCNs) are lined by a columnar epithelium which
produces mucus and have malignant potential.
When aspirated by endoscopic ultrasound (EUS),
these lesions will typically have viscous contents
with a positive ‘string sign’. The string sign is
tested by placing a drop of aspirated fluid from
the cyst between two gloved fingers or between
two glass slides and gently pulling the two fingers
or slides apart (see Figure 1). If this creates a
string longer than 3.5 mm, this is indicative of a
mucinous PCN. While this test is somewhat sub-
jective and has a sensitivity of 58%, it has been
shown to have a specificity of 95% and a positive
predictive value of 94%.71617 In addition, fluid
carcinoembryonic antigen (CEA) levels can be
helpful in distinguishing mucinous and non-
mucinous PCNs. CEA is secreted from columnar
epithelial cells that are derived from the endo-
derm and line mucinous PCNs, whereas non-
mucinous PCNs are lined by non-endodermally
derived simple cuboidal epithelium and do not

produce CEA.” The majority of studies and
guidelines use a cyst fluid CEA level of 192 ng/ml
as a cut-off value, above which the CEA is consid-
ered elevated, indicating the PCN in a mucinous
lesion. Several studies assessing this cut-off level
show an accuracy of 72-79% for distinguishing
mucinous from non-mucinous PCN, although a
lower CEA level does not completely exclude a
mucinous lesion.!819 The utility of PCN fluid
CEA to predict an underlying malignancy within
the PCN has been shown to be low. For example,
in a study of 198 patients with tissue obtained
from a PCN who also underwent EUS-guided
PCN sampling, there was no difference in the
fluid CEA level between benign and malignant
mucinous PCNs.20 Finally, elevated amylase in
PCN fluid indicates a connection with the pan-
creatic duct and is typically elevated in IPMNs
and pseudocysts and low in other types of PCNs.
In a study?! assessing PCN fluid collected by
EUS sampling from 442 different PCNs, a fluid
amylase of <350 U/l was found in 85% SCNs,
and in a similar study?? of 450 patients, a fluid
amylase of <250 U/l had a 98% specificity of
excluding pseudocysts. Another study showed a
cut-off value of amylase >479 U/l had a sensitiv-
ity of 73% and specificity of 90% for distinguish-
ing a pseudocyst from other forms of PCNs.23:24
In addition, cross-sectional imaging studies are
helpful in distinguishing different types of PCNs
(refer to Table 1).

Types of pancreatic cystic neoplasms

Pseudocyst

Pseudocysts are a collection of debris, inflamma-
tory cells, and blood surrounded by a thick fibrous
wall and are considered ‘pseudo’ cystic lesions
because they are not lined by a true epithelium.
Pseudocysts can develop either within or outside
of the pancreatic parenchyma and exclusively
occur as a complication of acute pancreatitis.?>
These harbor no malignancy risk and therefore
require no surveillance or intervention from the
standpoint of malignancy risk reduction. If the
diagnosis of pseudocyst is unclear, EUS can be
pursued to assess the lesion, and fluid sampling
typically reveals a high fluid amylase and a low
fluid CEA level (<192 ng/ml).!3:14:25

Serous cystic neoplasm
An SCN, also known as a serous cystadenoma, is
a collection of multiple microcysts, each of which
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is lined by a single layer of cuboidal epithelium.2>
These lesions typically appear in microcystic or
honeycomb pattern on imaging, and up to 30%
will have a central scar (see Figure 2(a) and (b)).
They occur most commonly in women (approxi-
mately 75% predominant in women) in the fifth
to seventh decades of life.1425 There is no connec-
tion with the main pancreatic duct (PD), so the
fluid amylase is low, and, given that they are lined
by simple cuboidal epithelium, the fluid CEA is
low.725 SCNs are thought to have virtually no
malignancy risk and therefore require no surveil-
lance, although these lesions can grow and
become symptomatic (i.e. cause pancreatitis,
abdominal pain, biliary obstruction, or gastric
outlet/duodenal obstruction), requiring surgical
resection.”>14

Solid pseudopapillary neoplasm [SPN])
SPNs are mixed solid-and-cystic lesions that are
lined by monomorphic cuboidal cells and have a

Figure 1. Demonstration of a positive ‘string sign’
where a drop of aspirated pancreatic cystic fluid is
placed between two glass slides, and as the two glass
slides are slowly pulled apart, there is a string of
mucous >3.5 mm in length. This is consistent with a
mucinous pancreatic cyst.

fibrous pseudocapsule.?> Smaller lesions tend to
be mostly solid, whereas larger lesions contain
more cystic components (see Figure 3(a) and
(b)). These are typically seen in women in their
20s but can be seen at any age and can occur any-
where within the pancreas.!425> There is no con-
nection with the pancreatic duct, so fluid amylase
is low. SPNs do have at least a moderate malig-
nancy risk, and surgical resection is typically rec-
ommended, although long-term prognosis is
excellent.?6-28

Cystic pancreatic neuroendocrine tumors
[cNETs)

cNETs represent almost approximately 15% of
all pancreatic neuroendocrine tumors and typi-
cally arise in the fourth to sixth decades of life.
These have a robust blood supply, and imaging
studies typically show a well-circumscribed
cystic lesion with peripheral rim enhancement,
most commonly located in the head of the pan-
creas (see Figure 4(a) and (b)).2%:29 It is not
easy to distinguish cNET's from SPNs on cross-
sectional imaging studies, and EUS with fine
needle aspiration (FNA) is often required.
cNETs have a low CEA level and do not com-
municate with the pancreatic duct, so they
have a low amylase content, and a cytology
smear reveals round cells that are loosely cohe-
sive. The sensitivity of EUS-guided FNA cytol-
ogy in cNETSs has been shown to range from
70% to 88.5%.3%31 Asymptomatic cNETs <2
cm in size are typically observed because these
lesions tend to be less aggressive than solid
NETs.32:33 Up to one-quarter of cNETs are
associated with an underlying multiple endo-
crine neoplasia type 1, but the majority are
nonfunctional.?4-36

Figure 2. Coronal view of MRI (a) and EUS (b) showing a 4.2-cm serous cystic neoplasm with classic
honeycombing and microcystic pattern in the uncinated process of the pancreas of a 57-year-old woman,
which was discovered incidentally during the workup for a ventral hernia. She was asymptomatic, and no

additional surveillance was recommended.
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Figure 3. Axial view of CT (a) and EUS (b) of a 5.2-cm solid pseudopapillary neoplasm in a 43-year-old woman
who presented with abdominal pain. The lesion is well demarcated with mixed solid and cystic features.

Figure 4. Coronal view of MRI (a) and EUS (b) of a cystic pancreatic neuroendocrine tumor found in a 55-year-
old woman during the workup for abdominal pain. The lesion is well circumscribed and solitary.

SEPTATION_

Figure 5. Axial view of CT (a) and EUS (b) of a mucinous cystic neoplasm found incidentally in the tail of
the pancreas of a 53-year-old woman. Several thin septations can be seen on both CT and EUS. The patient
underwent lateral pancreatectomy which confirmed the diagnosis, and no malignancy was present.

Mucinous cystic neoplasm [MCN]

MCNs have a tall columnar epithelium sur-
rounded by an ovarian-type stroma which differ-
entiates them from other mucin-producing
neoplasms, so they are found almost exclusively
in women.37-3® These typically present in middle
age (mean age of 48 years)2?5-3° and are located in

the body or tail of the pancreas in 90-95% of
cases.!* Imaging classically shows a macrocystic
lesion, some of which contain peripheral calcifica-
tions (see Figure 5(a) and (b)). There is no com-
munication with the PD, so fluid amylase is low.
The columnar epithelial cells can produce CEA,
so these lesions typically have a high CEA level.

journals.sagepub.com/home/cmg
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Figure 6. Axial view of MRI (a) and EUS (b) showing a 4.7-cm BD-IPMN in the head of the pancreas with an
associated mural nodule in a 62-year-old man who was incidentally found to have a pancreatic cystic lesion

on imaging obtained as part of the workup for COPD. EUS-guided fine needle aspiration was consistent with
poorly differentiated carcinoma. He subsequently underwent pancreatoduodenectomy, with pathology showing

the same.

MCNs are at risk of malignant transformation,
although the degree of this risk is somewhat
debated, and more recent studies indicate this
risk may be lower than previously thought, par-
ticularly in lesions less than 3 c¢cm in diameter
without other high-risk features.37-39-42

Intraductal papillary mucinous neoplasms

(IPMNs)

IPMNs are the most common type of PCN and
are lined by a columnar epithelium and therefore
produce mucin.!%43% TPMNs most commonly
occur in the head of the pancreas but can occur
anywhere within the pancreas, can be singular or
multifocal, and while they can arise at any age they
are most commonly found in the fifth to seventh
decades of life.” These are divided into three sub-
types based on the type of pancreatic duct they
involve: branch duct (BD-IPMN), main duct
(MD-IPMN), and mixed (mixed IPMN) (see
Figures 6(a)=9(c)). All IPMNs have a malignancy
risk which varies significantly based on which
ducts are involved, the IPMN size, growth rate,
the presence of mural nodules or solid compo-
nent, and several other features detailed below.
BD-IPMNs are the most common subtype of
IPMN and harbor a malignancy risk, although
this is less than that of MD-IPMNs which have
the highest malignancy risk.7-1445:46 In the 2012
International Consensus Guidelines, Tanaka and
colleagues?’” summarized the results of 20 studies
from 2003 to 2010, including a total of 3568 high-
risk IPMNs which underwent surgical resection
and found a mean rate of malignancy of 61.6%
(range, 36-100%) in MD-IPMNs and 25.5%
(range, 6.3—46.5%) in BD-IPMNs.48-67 A meta-
analysis!? of 22 case series estimated 0.24% of the

6240 patients with PCNs (over a median of
18,079 patient years) developed malignancy.
However, this is generally thought to be an under-
estimation of the risk of malignant transformation,
and other studies have shown the rate of invasive
cancer to be 31.1% in resected BD-IPMNs (range,
14.4-47.9%).9%:°  MD-IPMNs secrete thick
mucin into the PD, which typically results in focal
or segmental dilation of the main duct and can
often be seen endoscopically extruding from the
pancreatic os (known as a ‘fish eye’ appearance,
which is pathognomonic for this diagnosis) (see
Figure 9(a)—(c)). The thick mucin may result in
pancreatic ductal obstruction leading to pancrea-
titis, although this is rare. Most MD-IPMNs
should be considered for surgical resection, and
the guidelines differ slightly on when resection
should be considered. In general, there is agree-
ment that an MD-IPMN with an associated dila-
tion of the PD 5-9 mm should be closely assessed
with EUS and referral to surgery should be con-
sidered (particularly if there are other high-risk
features present such as a mural nodule or solid
component, upstream atrophy of the pancreas, or
increase in size), whereas there is agreement that
an MD-IPMN with an associated dilation of the
PD =10 mm should always be referred for sur-
gery.144468,70 The management of BD-IPMNSs is
the major focus of the multiple guidelines and is
discussed in detail below.

Guidelines

There have been numerous guidelines and publi-
cations throughout the years related to the man-
agement of PCNs (see Figure 10). The first major
guideline was the 2006 International Consensus
Guidelines (also known as the Sendai Guidelines
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Table 2. Management of mucinous cystic neoplasms of the pancreas.

2017 International
Consensus

oom

Management  Same as Surgical resection
of MCN management for all surgically fit
for IPMN patients

2018
European

Same as Surgical resection if any of
management the following: size =4 cm,
for IPMN symptomatic, have high-risk

features (same as those for
IPMNs)

If size <3 cm, surveillance
(same as IPMNs)

ACG, American College of Gastroenterology; AGA, American Gastroenterological Association; IPMN, intraductal
papillary mucinous neoplasm; MCN, mucinous cystic neoplasm.

as they were written in Sendai, Japan)?! which
have since been updated in 201247 and again in
2017.%8 Similarly, the European Guidelines were
first published in 2013° and were revised in

2018.79 The American Gastroenterological
Association (AGA) Guidelines were published in
2015,2 and the American College of

Gastroenterology (ACG) published their guide-
lines in 2018.14 The guidelines vary somewhat on
the timing and type of interval follow-up imaging
studies based on PCN size. The AGA Guidelines’?
are the first (and only) guidelines to recommend
cessation of additional surveillance in the absence
of changes in the PCN after 5 years of surveil-
lance or if the patient underwent surgical resec-
tion and a non-malignant IPMN was diagnosed.

Prior to initiating a surveillance program for a
PCN, there are many patient-specific aspects that
must be considered, and it is important to discuss
the potential risks and benefits of undergoing a
surveillance program with the patient, as the risk
tolerance varies greatly between patients. As the
2015 AGA Guidelines’? emphasize, the majority
of PCNs will never become malignant, so some
patients will elect to defer surveillance. In addi-
tion, one must consider the morbidity and mor-
tality associated with pancreatic surgery. In fact,
larger and more recent studies estimate a morbid-
ity of 30-46% and a mortality of 4% following
pancreatic surgery.13:737¢ In recent years, there
have been emerging data for EUS-guided pancre-
atic cyst ablation (in the form of injection of etha-
nol or antitumor agents or through radiofrequency
ablation) in patients unable or unwilling to
undergo surgery. While the data for these inter-
ventions are promising for selected patients, it is
not yet considered routine practice and is not dis-
cussed in the guidelines, but the future is likely
bright for this technology.”>77 Finally, one must

consider the psychological burden of patients
undergoing routine surveillance of PCN. One
study assessed the psychological impact on 109
patients with a PCN (31 prior to starting surveil-
lance wersus 78 already undergoing surveillance)
and found patients already undergoing surveil-
lance had more difficulty sleeping (30% wersus
13%, p = 0.035) and found follow-up more bur-
densome (33% versus 13%, p = 0.044) compared
with those who had not yet entered surveillance;
however, 82% overall felt as if surveillance
reduced their concerns of developing pancreatic
cancer and 94% overall felt as if the potential
advantages of surveillance outweighed the poten-
tial disadvantages.”® No matter which guideline is
followed, the patient’s willingness and candidacy
for surgical intervention or chemotherapy must
be strongly considered. If the patient is not a can-
didate for or unwilling to undergo surgery or
chemotherapy or if they have a limited life expec-
tancy, surveillance is not indicated as it would not
alter management.

Prior to delving into the specifics of the guide-
lines, it is important to understand that the major-
ity of these guidelines are exclusively discussing
IPMNs and MCNs (premalignant mucinous
cysts). SCNs do not need surveillance as their
malignancy risk is considered to be essentially
zero, and surgery is only recommended if they are
symptomatic.”%80 Surgical resection, however, is
classically recommended for all solid pseudopap-
illary tumors and cystic neuroendocrine tumors
>2 cm.

The guideline management of MCNs is summa-
rized in Table 2. Surgical resection is recom-
mended for any MCN in a surgically fit patient in
the 2017 International Consensus Guidelines.%8
The 2018 European Guidelines”™ treat MCNs
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Table 3. Summary of major guideline publications related to the management of pancreatic cystic neoplasms based on cyst size.

Cyst
size

<lcm

1-2cm

2-3cm

>3cm

2017 International
Consensus

If no solid component
and no dilated PD and

MRI or CT in 6 months,
then every 2-3 years if

CySt <3 cm: MRl in no Change
1 year then every 2
years for 5 years if no
change (then can stop
if no change)
MRI or CT:

Year 1: every 6 months
Years 2-3: yearly
After 3 years: every 2
years if no change

EUS in 3-6 months,
then every year [can
alternate with MRI)

Alternate EUS and MRI
every 3-6 months

MRI every 2 years X 4 years (then
consider lengthening)

2018
European

Year 1: MRl or EUS every 6
months (in addition to serum
CA-19-9 level and clinical
evaluation)

After Year 1: MRl and/or EUS
every 1 year (in addition to
serum CA-19-9 level and
clinical evaluation)

=4 cm: resection

MRI every 1 year X 3years, then
every 2 years X 4 years (then
considering lengthening)

MRI or EUS every 6-12
months X 3 years, then MRl every
1 year X 4years [then lengthen)

Refer to multidisciplinary group
and alternate EUS and MRI every

6 months X 3years, then every
1 year X 4 years (then consider

lengthening)

ACG, American College of Gastroenterology; AGA, American Gastroenterological Association; CA-19-9, carbohydrate antigen 19-9; EUS,
endoscopic ultrasound; PD, pancreatic duct.

similarly to IPMNs in that surgical resection is
recommended for MCNs =4 cm, if symptomatic,
or with the presence of high-risk features (i.e.
mural nodules, PD dilation, cytology that is suspi-
cious for or consistent with malignancy), and sur-
veillance is recommended for all MCNs <3 cm.
The 2015 AGA Guidelines’ and the 2018 ACG
Guidelines!# also treat MCNs similar to IPMNs.

There are multiple high-risk features on radio-
graphic and EUS studies that can help distinguish
IPMNs that harbor increased malignancy risk
from those that can be considered low risk and,
with proper surveillance and intervention, poten-
tially prevent the development of pancreatic can-
cer. The guidelines differ somewhat in their
criteria for recommending EUS or surgery, but
they do agree on several features that are consid-
ered high-risk or worrisome: large cyst size (=3
cm in most guidelines), dilation of the PD (=5
mm), and the presence of a solid component
within the PCN. PCNs without high-risk features
enter a surveillance program which is determined
by the size of the PCN. Tables 3 summarizes the
various guidelines’ recommendations for interval

surveillance based on PCN size. If high-risk fea-
tures (which are detailed below) are present, the
patient may be referred for EUS (the various
guidelines’ recommendations for indications for
EUS are summarized in Table 4) or surgery (the
various guidelines’ recommendations for surgical
indication are listed in Table 5).

Associated symptoms

If the patient is symptomatic from their PCN, sur-
gical resection should be strongly considered to
alleviate their symptoms and to obviate the poten-
tially increased malignancy risk from PCNs, driv-
ing symptoms.’! If the patient presents with
nonspecific symptoms like abdominal pain, back
pain, or weight loss, it can be quite challenging to
determine whether the PCN is actually the source
of the patient’s symptoms. However, symptoms
that are directly attributed to the PCN such as
jaundice from biliary obstruction or nausea and
vomiting from gastric outlet obstruction are more
clear-cut.!* The association with recently diag-
nosed acute pancreatitis and the malignancy risk of
an underlying IPMN is somewhat controversial,

journals.sagepub.com/home/cmg
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Table 4. Indications for endoscopic ultrasound.

Indications for endoscopic ultrasound

- Dilated PD

2017 International Consensus

=2 high-risk features:
- Cystsize =3 cm

- Presence of a solid component

If any of the following present:

- Pancreatitis due to cyst

- Cystsize =3 cm

- Enhancing mural nodule <5 mm
- Thickened/enhancing cyst walls

- PD5-9mm

- Abrupt change in diameter of PD with distal pancreatic atrophy
- Lymphadenopathy

- Elevated CA-19-9

- Rapid growth of cyst (>5 mm/2 years)

- PD=5mm

2018 European

If any of the following present:

- IPMNor MCN =3 cm

- Change in PD caliber with upstream atrophy

- Size increase of =3 mm/year during surveillance
- Jaundice due to cyst

- Pancreatitis due to cyst

- Presence of a mural nodule or solid component

Clinical or radiological features of concern for malignancy

Can be alternated or done in conjunction with MRI during surveillance

ACG, American College of Gastroenterology; AGA, American Gastroenterological Association; CA-19-9, carbohydrate
antigen 19-9; MRI, magnetic resonance imaging; PCN, pancreatic cystic neoplasm; PD, main pancreatic duct.

but most studies do show this risk to be
increased.!*82-8¢ The 2017 International Consensus
Guidelines®® and the 2018 ACG Guidelines'* rec-
ommend EUS assessment of the PCN if it is felt to
be the etiology for acute pancreatitis, and the 2018
European Guidelines” consider this a relative indi-
cation for surgical resection. The association of
newly diagnosed diabetes mellitus with an underly-
ing IPMN’s risk of malignancy is a bit more contro-
versial. Several studies have correlated an increased
risk of high-grade dysplasia or pancreatic cancer in
patients with PCNs who have diabetes mellitus,
and as almost two-thirds of patients with pancreatic
cancer have underlying diabetes mellitus, many
guidelines recommend careful consideration in this
setting, and the 2018 European Guidelines”™ con-
sider this a relative indication for surgical
reSCCtion.14’52’83’85’86

IPMN size

The frequency and format of imaging for surveil-
lance of BD-IPMNs differ between guidelines
(see Table 3). IPMN size =3 cm has been

associated with an increased risk of underlying
malignancy compared with smaller cysts. In a
meta-analysis by Anand and colleagues®” which
included 1058 patients, the presence of an IPMN
size =3 cm had an odds ratio (OR) of 62.4 (30.8—
126.3) for underlying malignancy, which was the
strongest predictive factor. Other studies, how-
ever, have not found such a large OR. For exam-
ple, a systematic review of six studies including
644 patients (381 of whom had cyst >3 cm)
found an OR of 2.97 (1.82-4.85) for a cyst size
>3 cm to have high-grade dysplasia or cancer; of
the 381 patients with cyst >3 cm, 163 (43%) had
a malignancy; in the 263 patients with cyst <3
cm, however, only 57 (22%) had a malignancy.!?
All guidelines except the 2018 European
Guidelines”™ recommend consideration of EUS
or referral to a multidisciplinary group for IPMN
or MCN =3 cm; the 2018 European Guidelines”
recommend surgery for IPMN or MCN size =4
cm even in the absence of other worrisome fea-
tures. Table 6 provides examples of the differ-
ences in the various guidelines’ recommendations
based on PCN size alone.

journals.sagepub.com/home/cmg

RCD Buerlein, VM Shami et al.


http://journals.sagepub.com/home/cmg

Therapeutic Advances in Gastrointestinal Endoscopy 14

Table 5. Indications for surgical resection.

Indications for surgical resection

2017 International
Consensus

concerning features on EUS

2018 European

Positive cytology on EUS-guided FNA; both a solid component and dilated PD

Obstructive jaundice with PCN in head of pancreas; enhanced mural nodule =5 mm;
PD =10 mm; MD-IPMN; cytology suspicious or positive for malignancy

All MD-IPMNSs; cytology with high-grade dysplasia or malignancy; mural nodule;

Absolute indications: Cytology suspicious or positive for malignancy or high-grade

dysplasia; solid component; obstructive jaundice with PCN in head of pancreas;
enhancing mural nodule >5 mm; PD =10 mm; symptoms due to PCN

Relative indications: PCN growth rate =5 mm/year; elevated CA-19-9 level; PD 5-9.9
mm; PCN size =40 mm; new-onset diabetes mellitus; acute pancreatitis (due to
PCNJ; enhancing mural nodule <5 mm

ACG, American College of Gastroenterology; AGA, American Gastroenterological Association; BD-IPMN, branch duct
intraductal papillary mucinous neoplasm; CA-19-9 carbohydrate antigen 19-9; EUS, endoscopic ultrasound; FNA, fine
needle aspiration; IPMN, intraductal papillary mucinous neoplasm; MCN, mucinous cystic neoplasm; PCN, pancreatic

cystic neoplasm; PD, main pancreatic duct.

Table 6. Comparison of different guidelines’ recommendations based on examples of cyst size after initial
discovery (assuming no high-risk or worrisome features).

PCN 2017 International 2018
size Consensus European
1-2cm MRl in MRl or CT in 1 year MRl in 1 year MRI or EUS in 6 months (along
1 year with serum CA-19-9 level and
clinical evaluation)
2-3cm MRl in EUS in 3-6 months MRl or EUS in 6-12 MRI and/or EUS in 6 months
1 year months (along with serum CA-19-9 level
and clinical evaluation)
3-4cm MRl in MRl or EUS in 3-6 MRI or EUS every 6-12 MRI or EUS in 6 months (along
1 year months months (and refer to with serum CA-19-9 level and

multidisciplinary group)

clinical evaluation)

ACG, American College of Gastroenterology; AGA, American Gastroenterological Association; CA-19-9, carbohydrate

antigen 19-9; EUS, endoscopic ultrasound.

Solid component and mural nodule

Solid components and mural nodules (see Figures
6(a) and 7(b)) are technically separate features
but are occasionally grouped together in guide-
lines and studies. A solid component is typically
considered a solid region within the pancreatic
parenchyma that involves or neighbors a PCN,
whereas a mural nodule is typically considered a
solid component in the wall of the PCN. Both
solid components and mural nodules associated
with IPMNs have independently been associated
with an increased risk of underlying malignancy.
For example, a meta-analysis of seven studies
including 816 patients with PCN who underwent
surgery found a solid component in 186 (23%) of

these cysts, of which 136 (73%) were found to
harbor malignancy; in the 630 patients without a
solid component to their cyst, only 147 (23%)
were found to have malignancy (OR, 7.73; 3.38—
17.67).1372 A large meta-analysis by Anand and
colleagues?®’ studied 1452 patients and found the
presence of a mural nodule had an OR of 9.3
(5.3-16.1) for developing malignancy. Similarly,
another systemic review!? showed an OR of 7.73
(3.38-17.67) for developing malignancy with an
underlying mural nodule, whereas another meta-
analysis®® of 23 studies including 1373 patients
found the presence of mural nodule had an OR of
6.0 (4.1-8.8) for malignancy. There are little data
to support the size of a mural nodule at which
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Figure 7. Axial view of MRI (a) and EUS (b) of a 3-cm branch duct IPMN in the tail of the pancreas with a solid
component in a 79-year-old patient. The patient underwent EUS-guided fine needle aspiration of the solid

component with cytology revealing adenocarcinoma. The patient then underwent lateral pancreatectomy with
splenectomy and regional lymphadenectomy. Pathology revealed an invasive mucinous adenocarcinoma, and

all lymph nodes were negative.

Figure 8. Coronal view of MRI (a) and EUS (b) showing a 2.3-cm branch duct IPMN in the body of the pancreas
of a 69-year-old man with no worrisome or high-risk features.

malignancy should be suspected, although there
are studies supporting a cut-off of 5 mm.8 The
presence of a solid component is an indication for
surgery in the 2018 European Guidelines’ and
the 2018 ACG Guidelines.!* The 2015 AGA
Guidelines’ also consider a solid component a
high-risk feature and recommend surgery if the
combination of a solid component and a dilated
PD is present. The 2017 International Consensus
Guidelines®® and the 2018 European Guidelines”
recommend surgery for mural nodules =5 mm.

PD dilation

The association of a dilated PD (see Figure 9(a)
and (b)) with underlying malignancy has been
debated. The large meta-analysis by Anand and
colleagues?®’ studied 328 patients and found a PD
=6 mm had an OR of 7.27 [95% confidence
interval (CI), 3.0-17.4] for developing malig-
nancy. However, another meta-analysis of four
studies including 609 patients (148 with a dilated
PD and 461 without a dilated PD) who under-
went surgery for their PCN found an underlying
malignancy in 69 (47%) patients with a dilated
PD and in 150 (33%) patients without a dilated

PD (OR, 2.38; 95% CI, 0.71-8.00).!3 The size of
the PD at which surgical resection should be
strongly considered varies somewhat between the
guidelines. Both the 2017 International
Guidelines*7-%¢ and the 2018 European Guidelines
recommend surgery for PD =10 mm. The 2015
AGA Guidelines” also consider a dilated PD a
high-risk feature and recommend surgery if the
combination of a solid component and a dilated
PD is present. The 2018 ACG Guidelines!'# rec-
ommend EUS for a PD =5 mm.

Serum CA-19-9 levels

Elevated serum carbohydrate antigen 19-9 (CA-
19-9) levels (which is considered >37 units/ml)
have also been associated with an increased risk of
malignancy. A meta-analysis of 15 studies includ-
ing 1629 patients with a PCN and elevated serum
CA-19-9 levels found a pooled sensitivity of
malignancy to be 40% and a pooled specificity to
be 89%.9° In addition, a study of biopsy-proven
malignant IPMNs in 117 patients showed ele-
vated serum CA-19-9 levels had an accuracy of
73.8%, sensitivity of 34.2%, and specificity of
92.4% for predicting malignancy.’! Elevated
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Figure 9. Axial view of MRI (a) and EUS (b) of a main duct intraductal papillary mucinous neoplasm (MD-IPMN)]
identified in a 66-year-old man. The main pancreatic duct is dilated to 16.4 mm extending from the head to

the genu of the pancreas. Endoscopic view (c) of the major papilla showing spontaneous extrusion of mucous
(‘Mucorrhea’), which is pathognomonic for an MD-IPMN. This patient underwent a pancreatoduodenectomy
with pathology revealing focally invasive carcinoma arising from an IPMN with high-grade dysplasia.

2012

International
Consensus Guidelines

2018

2006 2013 2017
International European International European
Consensus Guidelines Guidelines Consensus Guidelines Guidelines

Figure 10. Timeline of major guideline publications related to the management of pancreatic cystic

neoplasms.

AGA, American Gastroenterological Association; ACG, American College of Gastroenterology.

serum CA-19-9 levels are a relative indication for
surgery in the 2018 European Guidelines® 7% and
are an indication for EUS in the 2017 International
Consensus Guidelines®® but are not specified in
the criteria for EUS or surgery in either the 2015
AGA Guidelines” or the 2018 ACG Guidelines!4

Cytology

Cytology consistent with or highly suspicious for
high-grade dysplasia or cancer is an indication for
surgical resection in all guidelines. In a meta-
analysis of four studies with 96 patients, cytology
was shown to have a relatively low sensitivity
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PCN

A

High risk features present?*

Yes

/

Refer to specialty
pancreatic center

1.) Willing to undergo surveillance
2.) Willing to undergo treatment of cyst if warranted
3.) Appropriate candidate to undergo treatment if warranted

O\

No

d

Document
discussion, no
surveillance
necessary

Figure 11. Algorithm to approach of pancreatic cysts.

Yes

AN

Enter surveillance program
based on chosen guidelines

*High-risk features: presence of mural nodule or solid component, dilation of main pancreatic duct (=5 mm), cyst size =3-4

cm, and positive cytology on fluid aspiration.

(64.8% with 95% CI of 0.44-0.82) and high
specificity (90.6% with 95% CI of 0.81-0.96) for
pancreatic cancer. Therefore, negative results do
not rule out the presence of a high-risk lesion, but
positive results are an indication for surgical
resection in all of the guidelines.

Rate of PCN growth

Rapid growth of a PCN is classically heralded as
an increased risk of malignancy. However, there
are little data to support this. For example, a meta-
analysis of five studies included 572 patients with
PCNs, of which 125 (22%) had interval growth in
PCN size. Of these five studies, no single study
showed a statistically significant association
between cancer and PCN growth rate, and no dif-
ference was seen when these results were pooled
(OR, 1.65; 95% CI, 0.52-5.23).13 In addition,
significant interobserver variability has been seen
between radiologists when estimating the size of a
PCN. For example, a study of 144 PCNs seen on

MRI ranging in size from 5 to 35 mm showed a
mean interobserver variability of 4.0 mm in size
estimation per cyst. Despite these limited data,
many guidelines recommend proceeding to EUS
if the cyst increases in size, and the 2018 European
Guidelines” include a relative indication for sur-
gery if the PCN size increases by =5 mm/year.
The 2017 International Consensus Guidelines®®
recommend EUS if the PCN increases by >5 mm
in 2 years, and the 2018 ACG Guidelines!# rec-
ommend EUS if the PCN increases by =3 mm/
year. The 2015 AGA Guidelines’? do not contain
criteria for recommending EUS or surgery based
on the rate of PCN size increase.

Other diagnostic modalities

Despite decades of research in pancreatic cystic
lesions, there remain much controversy and
debate regarding the best methods for accurately
diagnosing and risk-stratifying PCNs, and many
of the PCNs that undergo surgical resection only
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contain low-grade dysplasia or no dysplasia at all,
indicating a potential toward overutilization of
surgical resection.®? In recent years, new markers
from EUS-guided fluid samples from PCNs and
new technical modalities of tissue acquisition and
assessment have emerged, which could improve
our ability to accurately diagnose PCNs and
understand their risk for malignant transforma-
tion. However, these are not currently recom-
mended for usage by any of the guidelines, so we
will only briefly discuss them.

Next-generation sequencing of PCN fluid: The pres-
ence of KRAS or GNAS mutations in the cyst
fluid has a high specificity for the diagnosis of
mucinous PCNs.?3:94 Additional mutations (7P53,
SMAD4, PIK3CA, PTEN, CDKNZ2A) have been
shown to be associated with preoperative risks for
advanced neoplasia in mucinous cysts, but need
validation in multicenter studies.%3-95-98

Cyst fluid glucose level: Multiple studies have shown
glucose levels to be lower in mucinous compared
with non-mucinous PCN5s.249%100 For example, a
meta-analysis of eight studies including 609 PCNs
found that when PCN fluid glucose was compared
with PCN fluid CEA, glucose had a higher sensitiv-
ity (91% wersus 56%) and diagnostic accuracy for
detecting mucinous lesions (94% versus 85%), with
no difference in specificity between the tests.10!

Microbiopsy: EUS-guided through-the-needle
biopsies of the PCN wall using microbiopsy for-
ceps may increase the diagnosis yield and further
help differentiate non-mucinous from mucinous
PCNs and improve presurgical assessment of
malignancy risk.102-104

Conjocal laser endomicroscopy: In this modality, a
confocal laser endomicroscope probe is introduced
through an EUS-directed 19-guage needle, and
the PCN epithelium can be microscopically
imaged in real time to further assist in identifying
the type of PCN and risk-stratify IPMNs,105-109

Another controversial aspect of PCN manage-
ment includes longevity of surveillance. The 2015
AGA Guidelines’? uniquely give a conditional
recommendation for discontinuation of surveil-
lance if there has been no change in the PCN
after 5 years. The AGA Technical Review on
PCNs!3 does leave the caveat that these decisions
need to be individualized and that surveillance
could be extended in surgically fit patients under
70 years of age. This is in distinction to other

guidelines that either do not alter surveillance
timelines after 5 years of no change (2017
International Consensus Guidelines®® and the
2018 European Guidelines)”° or call to lengthen
the interval (2018 ACG Guidelines)!4.

The utility of continued surveillance beyond 5 years
has been assessed in several studies, and the data
are mixed. A study!!® of 804 patients with
BD-IPMNs who were followed prospectively found
the overall incidence of pancreatic cancer to be
3.5% at 10 years and 12.0% at 15 years from the
time of initial diagnosis; similarly, another study!!!
of 131 presumed low-risk BD-IPMNs which were
surveyed for =5 years showed 73 (55.7%) pro-
gressed in some form, both of which support con-
tinued surveillance beyond 5 years. On the contrary,
a multicenter study'!? of 310 patients with PCNs
followed for at least 5 years found only 1% of
patients developed pancreatic cancer and that mor-
tality unrelated to pancreatic cancer was 8 times
higher than that from pancreatic cancer. Crippa
and colleagues!!3 followed 144 patients with
BD-IPMNs and showed 26 (18%) developed high-
risk stigmata after a median of 77.5 months from
the time of diagnosis, which indicates that these
would have been missed if following the 2015 AGA
Guidelines,”? although only 2% developed pancre-
atic malignancy, and the overall 12-year disease-
specific survival was 98.6%. In addition, when they
applied the 2015 AGA Guidelines® criteria for
high-risk features (PCN >3 cm, dilated PD, mural
nodule), they showed the risk of developing pan-
creatic cancer was 0% with no high-risk features,
1% with one high-risk feature, and 15% with two
high-risk features. They, therefore, concluded that
continued surveillance beyond 5 years is not war-
ranted in patients with <1 high-risk feature; how-
ever, patients with two high-risk features should
continue surveillance beyond 5 years.

While there are some similarities between the var-
ious PCN surveillance guidelines, each varies sig-
nificantly in its frequency of radiographic testing
and its threshold for EUS or surgery. There have
been several studies comparing the efficacy of the
various aspects of these studies.

Lekkerkerker and colleagues!!* studied 115
patients who underwent pancreatic resection for
PCN and assessed final histopathological diagno-
sis and the initial indication for surgery and com-
pared the 2012 International Consensus
Guidelines,*” the 2013 European Guidelines,’
and the 2015 AGA Guidelines.”? They found the
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preoperative diagnosis (based on imaging or
EUS) was correct in 83 (72%) patients, and in
the 75 patients with IPMNs, the indication for
surgery was correctly justified in 36 (54%) of 67
patients using the 2012 International Consensus
Guidelines,*” in 36 (53%) of 68 using the 2013
European Guidelines,’ and in 32 (59%) of 54
using the 2015 AGA Guidelines.”? Surgery could
have been avoided in 8 (11%) of 75 patients when
the 2012 International Consensus Guidelines*’
were applied, in 7 (9%) of 75 when the 2013
European Guidelines® were applied, and in 21
(28%) of 75 when the 2015 AGA Guidelines™
were applied. No patients with high-grade dyspla-
sia or malignancy would have been missed by
applying the 2012 International Consensus
Guidelines*” or the 2013 European Guidelines,®
whereas 4 (12%) of 33 patients would have been
missed by applying the 2015 AGA Guidelines.”?
The authors concluded that while the 2015 AGA
Guidelines’? may avoid more unnecessary surger-
ies, more malignancies will be missed by follow-
ing this guideline compared with the others.

Lobo and colleagues!!> came to a similar conclu-
sion by creating a Monte Carlo simulation model
for the evaluation of a cohort of 10,000 patients
with pancreatic cysts to compare the 2015 AGA
Guidelines’? (which are considered to be less
intensive) with the 2017 International Consensus
Guidelines®® (which are considered to be more
intensive). The model included patients aged 55—
70 years and assumed a rate of malignant trans-
formation to be 0.12% per year, which was based
on the lower end of the 95% CI found in the AGA
Technical Review!? and was chosen due to the
younger age of the population in the cohort (the
rate of malignant transformation is assumed to be
higher in older age patients). This showed the two
guidelines were similar in terms of deaths related
to PCN management and quality-adjusted life
years. The 2017 International Consensus
Guidelines®® had more surgeries (711 versus 163),
more surgery-related deaths (18.5 wersus 3.5),
more imaging studies (an average of 11.70 wversus
6.89 imaging studies per patient), and higher
total cost per cancer identified ($1,384,896 wversus
$898,760 or a total cost per patient of $16,825
versus $8,939), which corresponds to a $3.6 mil-
lion higher cost per additional cancer detected.
The 2015 AGA Guidelines,”? however, had more
missed cancers (71 versus 49) and more cancer-
related deaths (47.3 wversus 32.1). Finally, the
model predicted more overall deaths that were
unrelated to PCN management than those who
died of pancreatic cancer (1422 versusl25).

Therefore, the 2015 AGA Guidelines’? resulted
in a similar number of deaths at a much lower
cost.

The study by Lobo and colleagues!!5 is paramount
in understanding the population-based approach
to PCN management. As the authors discuss, cli-
nicians’ primary goal is to detect a potentially pre-
ventable or curable malignancy; however, clinicians
may fail to fully appreciate the harm, including
cost, morbidity, and mortality, that accompanies
more aggressive surveillance or early intervention.
When taken as a whole, this study highlights the
low-risk nature of many PCNs and the overscreen-
ing and overintervention of many of the guidelines
in these low-risk lesions. However, one must
remember that other studies have shown a much
higher rate of malignant transformation than
0.12% when certain high-risk features are present,
so caution is prudent when generalizing the results
of this study to the patient sitting before you.

While the differences between the guidelines may
seem trivial at initial glance, the data comparing
the multiple guidelines in specific patient popula-
tions highlight the significant variances in long-
term costs, number of imaging procedures and
surgeries performed, as well as the number of
malignancies missed. A less-intensive strategy is
advisable when there are no high-risk or worri-
some features, but in the small percentage of
patients who develop such features, a more inten-
sive strategy performs better but at a higher cost.
While there are variations in the specifics of the
guidelines, they all agree on several high-risk fea-
tures that should get the attention of any clinician
when assessing a PCN:

e DPresence of a mural nodule or solid
component;

e Dilation of the
MD-IPMN);

e PCN size =3-4 cm;

e DPositive cytology on PCN fluid aspiration.

PD (or presence of

For gastroenterologists who come across PCNs, if
patients are good surgical candidates and willing,
they should enter a surveillance program. It is
advisable to follow one of the guidelines and doc-
ument the guideline used as well as the rationale
for the interval and method of imaging. As there
are many centers that have pancreatic cyst clinics
or screening programs, referral is always a reason-
able option as well. Fortunately for most of our
patients, the majority of cystic lesions will not
impact their ultimate survival.
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