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ABSTRACT

Pancreatic cystic neoplasms (PCNs) are no longer considered as rare entities because their prevalence in
the general population ranges from 3-20%. They are usually asymptomatic, incidentally discovered, and
diagnosed in the seventh decade of life. The main clinical concern with regard to PCNs is related to their
risk of malignant progression, which is relevant for those PCNs that produce mucin. Since 2006, several
sets of international guidelines have proposed algorithms for the management of PCNs, and these have
been subsequently validated by several studies. Retrospective review of the literature shows that current
treatment of PCNs remains unsatisfactory because the guidelines are based on a low level of evidence.
However, the guidelines are able to correctly identify lesions that can be safely followed and, as occurs
in vaccination campaigns, they are able to exercise a preventive effect in the general population.
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INTRODUCTION: FROM THE ORIGINS TO
THE GUIDELINES ERA

The increasing prevalence of pancreatic cystic
neoplasms (PCNs) during previous decades has
led to the use of the term ‘technopathies’ to
describe this heterogeneous group of tumours.
In fact, the increasing use of high-quality, cross-
sectional imaging in clinical practice has played
the major role in the discovery and subsequent
characterisation of these entities. It has been
estimated that 3-14% of the general population has
at least one PCN.“ After the first report describing
a PCN was published in the early 1980s,°> an
increasing number of case reports and clinical

publications defining the clinical and radiological
aspects of PCNs, which were obtained following
a comprehensive review of the literature; these
publications range from articles describing original
research to consensus guidelines based on various,
generally low levels of evidence.

Intraductal papillary mucinous neoplasms (IPMNs),
mucinous cystic neoplasms (MCNs), and serous
cystic neoplasms (SCNs) represent the most
frequently observed entities in the family of PCNs.
There are several other rare types of PCN with a
very low prevalence,® but a full description of these
is beyond the aims of the present review and
therefore not included. Whenever a patient with
suspected PCN is referred to a specialist, the

studies focussing on pancreatic cysts have been
published. In daily clinical practice, clinicians face
a high and increasing number of PCNs and must
deal with the risk of either over or undertreatment
of patients due to our currently incomplete
knowledge of their biological behaviour. In the
present article we summarise the most prominent
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typical clinical picture is that of an asymptomatic
and nonspecific lesion in the pancreatic
parenchyma. lIdentification of the lesion’s cystic
nature is often easily achieved via the initial
diagnostic workup. However, the definition of the
specific subtype of PCN (IPMN, MCN, or SCN) and
the consequent risk of malignancy represents a
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challenging diagnostic dilemma. For example, the
connection between the cyst and the pancreatic
ductal system, which differentiates the diagnosis
of an IPMN from that of an MCN, can be difficult
to assess even with high-quality, cross-sectional
imaging. Moreover, the presence of a multicystic
pattern is more frequently associated with SCNs
(Figure 1), but a small oligocystic mass in the body/
tail of the pancreas offers a difficult differential
diagnosis between an SCN and an MCN. In many
cases, only surgical resection provides a definitive
diagnosis, and the rate of error can be as high as
30% at high-volume centres.”

The first landmark in the development of a policy
for the diagnosis and treatment of PCNs was
the publication of the international consensus
guidelines in 2006.8 These ‘Sendai guidelines’ greatly
contributed to increasing awareness regarding
PCNs and facilitated further studies (Table 1).8™

INTERNATIONAL SENDAI CONSENSUS
GUIDELINES (2006)

Since reducing the risk of a misdiagnosis
represents a critical issue for pancreatic specialists,
the Sendai guidelines contain practical indications
that are useful for the prediction of malignancy in
a pancreatic cyst. Historically, IPMNs involving
the main duct (MD-IPMNs; Figure 2) have been
considered as a major indication for resection
because they have a high likelihood of harbouring
malignancy.? During imaging, this type of PCN
frequently appears as a dilatation of the main
pancreatic duct (MPD) rather than an obvious
cystic lesion, with a diameter between 5 and 9 mm
considered as presumptive for the diagnosis.
Mixed-type IPMNs (MT-IPMNs) have been
categorised together with MD-IPMNs because the
involvement of the MPD is the principal determinant
of the tumour’s biology. In contrast, indications
as to whether to resect or not are less evident
when a cystic neoplasm develops at a site distal
from the MPD. The Sendai guidelines specify the
dimensions of the cyst as being the main parameter,
with an empirical 3 cm threshold. Even if no other
‘worrisome features’ are present, recommendation
to schedule the patient for resection is given by
this parameter alone. Other indications to resect a
cystic neoplasm are the presence of mural nodules,
symptoms such as jaundice or pancreatitis, MPD
dilatation >6 mm, and positive cytology. The 2006
Sendai guidelines have been validated by a number
of case series,®™® with diagnostic sensitivity shown
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to be extremely high, but approximately 75% of the
resections were performed on tumours found to
be benign/borderline. The morbidity and mortality
rates associated with pancreatic resections, which
are as high as 40% and 3% respectively,® demand
a superior means of predicting malignancy so that
unnecessary procedures can be avoided.

INTERNATIONAL FUKUOKA CONSENSUS
GUIDELINES (2012)

The volume of literature and new evidence that
became available following the publication of the
Sendai guidelines advocated for an update. The
new ‘Fukuoka guidelines’ stratified pancreatic
cysts into different categories depending on their
characteristics and related clinical symptoms.®
Jaundice, enhancing solid component in the cyst,
and an MPD size >10 mm have been defined as
‘high-risk stigmata’, and their presence indicates
resection because of a relevant association with
an invasive tumour in 6-27% of cases.”® A cyst size
>3 cm, thick or enhancing cyst walls, non-
enhancing nodules, MPD size between 5 and 9 mm,
abrupt change in MPD calibre with concomitant
atrophy, and suspect Ilymphadenopathy or
pancreatitis are worrisome features, and should
undergo a second-level follow-up with endoscopic
ultrasonography (EUS). At this point, if any mural
nodules, involvement of MPD, or suspicious/
positive cytology are detected, then resection
is warranted. In the absence of both high-risk
stigmata and worrisome features, the dimension
of the cyst represents the crucial parameter to
establish the correct timing of the follow-up.

Figure 1: Gross pathology of a serous
cystic neoplasm.
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Table 1: Current clinical guidelines on the management of pancreatic cystic neoplasms.

Sendai consensus guidelines® (applied to all mucin-producing pancreatic cystic neoplasms)

MD-IPMN MPD >10 mm
Sendai-positive Size >3 cm
BD-IPMN Size <3 cm with symptoms, mural nodules, MPD dilatation >6 mm, and/or positive cytology

Fukuoka consensus guidelines® (applied to all mucin-producing pancreatic cystic neoplasms)

High-risk stigmata
Enhancing nodules
Dilated MPD >10 mm

Proximal lesion with obstructive jaundice

Size >3 cm

Pancreatitis

Non-enhancing mural nodules
Thickened, enhancing walls
Dilated MPD (5-10 mm)

Worrisome features

Lymphadenopathy

Change in MPD calibre with distal atrophy

European consensus guidelines™ (applied to all mucin-producing pancreatic cystic neoplasms)

Risk factors Symptoms

Size >4 cm

Mural nodules
Dilated MPD >6 mm

Elevated CA 19-9 (relative risk)

American Gastroenterological Association guidelines" (applied to asymptomatic mucinous cysts)

Low risk Size <3 cm

No solid component
High risk Size >3 cm

Dilated MPD

Solid component
Concerning feature on EUS

BD-IPMN: branch-duct intraductal papillary mucinous neoplasm; CA 19-9: carbohydrate antigen 19-9;

EUS: endoscopic ultrasonography;
MPD: main pancreatic duct.

MD-IPMN: main-duct

intraductal papillary mucinous neoplasm;

The most relevant novelty of these guidelines is a
more conservative approach towards mucinous-
producing cystic tumours, which aimed to reduce
the false-positive rate for malignancy compared
with the previous version.

EUROPEAN EXPERTS CONSENSUS

STATEMENT ON PCNS (2013)

Another ‘experts’ consensus meeting’ was held in
2013, this time in Europe, and brand new guidelines
for the management of cystic neoplasms of the
pancreas were generated!® The trend towards a
more conservative approach dependent on the size
of the cyst was confirmed, with a cut-off size of
4 cm used for deciding whether to resect a tumour
or not. There needs to be a note of caution with
this cut-off value, however, because malignancy
can be found in smaller lesions too, with a
frequency of up to 25% in lesions <4 cm.® However,
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this risk needs to be considered alongside the
risk of mortality associated with a major pancreatic
resection. Other indications to resect a PCN
are the related symptoms, mural nodules, MPD
>6 mm, elevated serum carbohydrate antigen
19-9, and an increase in cyst size >2 mm/year.
With regards to diagnostic methodology, both
computed tomography (CT) and magnetic
resonance imaging (MRI) with magnetic resonance
cholangiopancreatography (MRCP) are considered
the gold standard, whilst EUS with fine-needle
aspiration (FNA) should be reserved for selected
cases because of its low accuracy and inter-
observer variability.?0-22

Several sets of national guidelines have been
published since 2013, such as the Italian guidelines
in 2014, but the level of evidence remains low and
unable to provide substantially different indications
to support decision-making.?®
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Figure 2: Magnetic resonance
cholangiopancreatography of a mixed-type
intraductal papillary mucinous neoplasm.

AMERICAN GASTROENTEROLOGICAL
ASSOCIATION INSTITUTE GUIDELINES

ON THE DIAGNOSIS AND MANAGEMENT
OF ASYMPTOMATIC PCNS (2015)

The most recent policy in the field is represented
by the American Gastroenterological Association
(AGA) guidelines published in 20151 The AGA
guidelines refer only to asymptomatic cysts of the
pancreas with side-branch involvement; MD-IPMN,
symptomatic cysts, and cystic differentiation of
other malignant tumours are therefore excluded.
According to the AGA guidelines, cysts <3 cm
and without solid components or dilated MPD can
be followed up through MRI. Cysts with >2 high-
risk features, such as size >3 cm, dilated MPD, or
presence of solid components should undergo
EUS-FNA to better assess the risk of malignancy.
Patients without concerning results from EUS-
FNA could be followed up with MRI, although the
negative predictive value of FNA is low. Significant
changes during the surveillance programme
represent an indication for subsequent EUS risk
assessment. After 5 years of follow-up, or whenever
a patient is no longer a surgical candidate,
radiological surveillance may be discontinued.
Finally, surgical resection is advocated when either
a solid component and MPD dilatation is found,
or when there are concerning results from EUS or
positive cytology.
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THE MANAGEMENT OF PANCREATIC
CYSTS BEYOND THE GUIDELINES

The first and foremost result of the publication of
international guidelines by world-renowned experts
has been to increase awareness that PCNs are
entities that are not as uncommon as previously
thought. At the same time, internal policies on the
management of PCNs at different centres with
expertise in the field have been rearranged and
modified according to the guidelines. As a result,
a bulk of literature with a focus of validating the
guidelines has been published, with the 2-fold
aim of assessing their accuracy and possibly
improving them.

The first data that can be extracted from the
post-guidelines literature are the standardisation
of diagnosis and research of PCNs. Clinicians
and gastrointestinal specialists all over the world
have acknowledged that tomographic imaging
through CT and MRI with MRCP represents the first
fundamental step in correctly assessing a cystic
lesion in the pancreas.® In this regard, EUS-FNA is
now considered a second-level examination
and is not systematically indicated as a first
approach to guide the management strategy.® In
experienced hands, EUS can be a valid diagnostic
tool for detecting solid components in PCNs, the
relationship with the ductal system, septa, and
cystic fluid features.?* However, it remains an
operator-sensitive technique and the addition
of cytological examination can even reduce its
sensitivity because there is low inter-observer
agreement in defining cytology grading for PCNs.?
Other diagnostic tools, such as positron emission
tomography, have not reached a sufficient level
of accuracy for defining the features of PCNs and
predicting their biological behaviour, and therefore
do not have a role in either the initial work-up or
the follow-up. However, the main concept
when assessing the true nature of a PCN is that
diagnostic accuracy is low, even in the setting
of a correct algorithm used at high-volume
centres.” As the possibility to correctly define a
PCN is, by definition, only possible at pathological
examination, most of the studies validating the
guidelines are retrospective surgical series.

In contrast to what can be extrapolated from the
policies of the guidelines, debate on the correct
management of SCNs still exists. We are now
aware that the growth rate can be predicted by
the morphological features and follows a bimodal
curve.?®> These factors should be taken into account
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in decision making and integrate the guideline
concept that serous cystic adenomas (SCASs)
should not be resected. The fact that malignant
SCAs are practically non-existent has been
reinforced by a recent large multi-institutional
series of 1,363 resected cases, in which only three
were invasive (0.2%).26 With regard to MCNs,
surgical series validating the guideline policy to
always resect this premalignant neoplasm have
shown low rates of either high-grade dysplasia
or invasive cancers ranging from 5.5-13.4% and
3.9-12%, respectively.2?”?8 Moreover, combining the
results of six major studies that met International
Academy of Pathology criteria for diagnosis of
MCNs showed that only 0.26% of MCNs <3 c¢cm in
diameter were malignant.?®33 Indeed, the authors
of these recent studies suggest following up MCNs
of small dimensions and in the absence of solid
components.?*36 Among all PCNs, IPMNs represent
by far the most debated entity in terms of assessing
the reliability of the guidelines. Further large
series have shown that the Sendai guidelines lack
specificity, so that the more recent Fukuoka
guidelines have a more conservative approach in
order to prevent unnecessary pancreatic surgeries,
as high-risk stigmata, jaundice, and enhancing
nodules have had their predictive value for
malignancy confirmed.®®® The correct cut-off
for MPD size has been debated more, because
reducing the cut-off value to 5 mm seems to
improve its accuracy as a predictor of
malignancy®® However, the most controversial
parameter of those taken into account as predictors
of malignancy in IPMNs is the diameter of the cyst.
Several studies have tested the 3 cm cut-off in
order to assess the risk of malignancy, and most of
them have concluded that it seems reasonable to
continue observing a small PCN in the absence of
other triggers for surgery.®>® Other studies have
claimed the opposite, however, and have reported
relevant rates of malignancy, even in small branch-
duct IPMN (BD-IPMN) <3 cm.’#0 All of the other
worrisome features, such as thick or enhancing
cyst walls, non-enhancing nodules, abrupt change
in MPD with distal atrophy, pancreatitis, and the
presence of lymphadenopathy, have been variably
associated with malignancy. However, whenever
a statistically significant correlation has been
identified, the diagnostic value was fairly poor, with
low specificity and sensitivity.*®® The application
of both the Sendai and Fukuoka guidelines has
been very recently evaluated in 1,382 resected
patients by Goh and colleagues™ The revised
guidelines have a low positive predictive value
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ranging from 27-62% and with an overall value of
36%. The stratification of cases into two subgroups
at different risk results in an improved positive
predictive value of 66% in the group of patients
displaying high-risk stigmata. Moreover, the
negative predictive value ranges from 82-100%.
In their conclusions, the authors point out that a
relevant cohort of IPMNs classified as ‘low risk of
malignancy’ showed either high-grade dysplasia
or invasive carcinoma® With regard to the
surveillance of BD-IPMN, it seems reasonable
to follow up lesions not presenting with high-
risk stigmata. Large observational studies have
shown that a minority of the patients will undergo
surgery for cysts that increase in size or due to
the development of symptoms (around 20%),
and practically none of these will be found
with unresectable cancer”

DISCUSSION

In multiple fields of surgical oncology, clinical
guidelines are needed in order to guide clinicians
when taking crucial decisions in the management
of patients. In this regard, PCNs do not represent
an exception, especially because of their recent
discovery and presumed relatively low prevalence
in the general population. Now we are aware that
PCNs are not rare entities thanks to the widespread
use of tomographic imaging. Moreover, increasing
evidence has been published during the last
decades and expert opinions are being tested by
the data coming from surgical series. Unfortunately,
because of the peculiar biology of the disease,
randomised controlled trials capable of achieving
the appropriate level of evidence are far from
being established. At the same time, we are aware
that the use of experts’ opinions as guidelines
represents the bottom of the ‘evidence pyramid’,
and that they should represent the starting point
of a scientific process instead of a fixed policy.

Analysis of literature published after the different
international guidelines and aiming to validate their
accuracy has raised several important issues. SCNs
do not represent an indication for surgery and
undergo resection mainly due to a diagnostic error
or because they cause mass-related symptoms.?®
Mucin-producing cystic neoplasms still represent
a potential indication for surgery because the
literature has failed to exclude their potential to
progress to invasive carcinoma. However, the
guidelines and subsequent literature reveal the
need for parameters able to determine whether
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the risk of harbouring invasive carcinoma exceeds
that arising from a difficult surgical procedure.
Surgeons are aware that pancreatic resections
carry with them a relevant risk of both morbidity
and mortality, even nowadays and at high-volume
centres.* In this setting, surgeons are aware
that they are not operating on a cyst, but on an
individual who has a 3% likelihood of dying
because of the procedure and a risk of serious
complications that exceeds 30%. There are no
truly ‘minimally invasive’ procedures to remove
pancreatic neoplasms, which is in contrast to
other types of premalignant lesions that can be
safely excised whilst at a premalignant stage, such
as colon polyps. Enucleations and laparoscopic
techniques are also burdened with relevant rates
of morbidity,*>#* and clinicians should always keep
this in mind during decision-making. At the same
time, accurate analysis of the guidelines and
subsequent literature has revealed that leaving a
potentially fatal tumour technically amenable to
resection in the pancreas should be considered as
a fatal mistake. In fact, guidelines more prone to a
significant rate of false-positive cysts seem more
acceptable than those leading to the opposite type
of diagnostic error. In this setting, the policies of
the Fukuoka guidelines with respect of IPMNs have
been shown to be fairly safe. Debate still remains
because recent publications on small ‘negative-
for-resection-criteria’ IPMNs have reported high
rates of malignancy.*4* These data appear difficult
to read, and one may speculate that the different
ways in which different pathologists classify the
same grade of dysplasia may be having an effect in
this setting. The need for a ‘common language’ in
the pathological assessment of PCNs was recently
highlighted at a multidisciplinary expert meeting
held in Verona. The aim of the meeting was not
to generate new guidelines, but to find a way to
increase the level of evidence in the field. Indeed,

the first study promoted by those in attendance
has led to a standardisation of the definitions
used by pathologists with regard to PCNs.#°

The new AGA guidelines were published almost
immediately after the scientific community
appeared to be moving towards a common method
of promoting more multicentric prospective studies
aimed at improving the level of evidence in the
post-guidelines era. Far from being evaluated in
validation studies, the AGA guidelines importantly
disclose that they are based on low-quality
evidence. It therefore looks unlikely that they could
fill the gaps between international policies and
local clinical practice. In fact, the trend towards a
more conservative approach, even for mucinous
PCNs, in past years demands answers from large
cohort studies with long-term follow-up. Moreover,
expectations are growing regarding the use of
molecular analyses of cystic fluid and other next-
generation biomarkers to improve our ability to
predict the risk of progression to malignancy in a
specific lesion.?

CONCLUSIONS

The question of whether to resect or to observe
PCNs is still far from being answered in an
evidence-based setting. Critical analysis of the
available guidelines indicates that their application
in clinical practice seems to resemble the effect
of vaccinations; they are able to ‘protect’ the vast
majority of the population affected by a PCN.
Mistakes cannot be totally avoided, however,
because we cannot guarantee each patient that
our policies are 100% safe with regard to not
missing a malignant tumour or resecting a benign
one. Only large prospective studies will help us to
increase our knowledge and drive clinical practice
forward by allowing us to tailor treatment to
individual patients.
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