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Abstract Due to the widespread use of high-quality cross-
sectional imaging, pancreatic cystic neoplasms are being
diagnosed with increasing frequency. Clinicians are
therefore asked to counsel a growing number of patients
with pancreatic cysts diagnosed incidentally at an early,
asymptomatic stage. Over the last two decades, accumu-
lating knowledge on the biologic behavior of these neo-
plasms along with improved diagnostics through imaging
and endoscopic cyst fluid analysis have allowed for a
selective therapeutic approach toward these neoplasms. On
one end of the management spectrum, observation is rec-
ommended for typically benign lesions (serous cystade-
noma), and on the other end, upfront resection is
recommended for likely malignant lesions (main duct
IPMN, mucinous cystadenoma, solid pseudopapillary
tumor, and cystic pancreatic neuroendocrine tumors). In
between, management of premalignant lesions (branch duct
IPMN) is dictated by the presence of high-risk features. In
general, resection should be considered whenever the risk
of malignancy is higher than the risk of the operation. This
review aims to describe the evolution and current status of
evidence guiding the selection of patients with pancreatic
cystic neoplasms for surgical resection, along with a
specific discussion on the type of resection required and
expected outcomes.
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Introduction

The first large retrospective reports describing surgical
resection for rare, cystic pancreatic neoplasms were pub-
lished in the 1950s-1970s [1-3]. Back in this era of no
cross-sectional imaging, symptoms at presentation led to
resection in most cases. Occasionally, invasion of adjacent
structures or metastatic lesions were discovered intraoper-
atively [4]. The introduction of computed tomography (CT)
in the late 1970s allowed for a more accurate preoperative
characterization of pancreatic cystic neoplasms and
revealed their true prevalence [5-7]. Currently, the preva-
lence of pancreatic cysts is 1-3% by CT and ultrasound
(US), and approaches 10-20% by magnetic resonance
imaging (MRI) [8-12]. By comparison, autopsy studies
have shown the prevalence of pancreatic cysts to be around
25% in the general population, with the majority of cysts
being smaller than 1 cm [13].

As a result, selective resection of cystic pancreatic
neoplasms has become an increasingly acceptable strategy
[14]. Diagnostic imaging with CT and/or MRI and endo-
scopic ultrasound (EUS)-guided fine needle aspiration
(FNA) of cyst contents play a crucial role in the selection
of the pancreatic cysts requiring surgical resection
[7, 15, 16]. The decision to proceed with surgery for a
pancreatic cyst requires the surgeon to weigh the risk of
operative management against the risk of observing a
potentially malignant lesion [17, 18]. Herein, we discuss
the factors prompting surgical resection, methods of
resection, and outcomes following resection for the most
common pancreatic cystic neoplasms.
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Serous Cystadenoma

Serous cystadenomas (SCA) have four morphological
variants including the microcystic, macrocystic (oligocys-
tic), mixed, and solid type, with less than half of SCA
appearing in the “typical” microcystic form [19]. On
diagnostic imaging, a typical SCA is characterized by a
central stellate scar, calcifications, and small cysts in a
honeycomb appearance. Establishing a diagnosis by
imaging alone is often, but not always, possible [20, 21].
FNA has been shown to be a useful adjunct in the diagnosis
of SCA, because SCAs contain fluid low in amylase (no
communication with the pancreatic duct) and low in car-
cinoembryonic antigen (CEA, serous nature) [22].
Nonetheless, a considerable portion of patients with SCA
may eventually undergo resection because of an unclear
preoperative diagnosis [19]. The development of novel
molecular markers in the cyst fluid is urgently needed to
improve the accuracy of preoperative diagnosis for these
benign pancreatic cystic neoplasms [23].

SCAs are slow-growing tumors, but can in very rare
occasions have malignant potential. There have been
approximately 30 reported cases of malignant transforma-
tion of SCA in the world literature, and these malignant
SCA reports typically describe locally invasive lesions
rather than metastatic disease [19, 24-26]. If the diagnosis
can be accomplished preoperatively with certainty, surgical
resection is not warranted. However, there are a few cir-
cumstances where surgical resection may be indicated for
SCAs:

o Symptoms SCAs comprise less than 10% of all
symptomatic pancreatic cysts. They can occasionally
be associated with abdominal pain, weight loss, nausea,
fatigue, jaundice, or a palpable mass [27]. Typically,
larger cyst size correlates with symptoms and can
occasionally lead the treating physician to recommend
resection.

e Rapid growth Increased growth rates have been
observed for SCAs greater than 4 cm in diameter or
with a macrocystic (oligocystic) morphology [28, 29].
A previous study by Tseng and colleagues reported that
the growth rate for tumors < 4 cm in size was approx-
imately 0.5 cm/year, but increased to almost 2 cm/year
for tumors >4 cm (Fig. 1). These investigators also
reported that cysts >4 cm were more likely to be
symptomatic; hence, they recommended resection of
SCA that exceeded this size threshold. An additional
observational study of 145 patients by Malleo and
colleagues showed that the growth rate of SCAs was
higher for the macrocystic (oligocystic) category. The
growth rate of SCAs in this study also appeared to
correlate with the age of the cyst and dramatically

increased after the first 7 years of surveillance, irre-
spective of size at presentation.

e Lesions that are marginally resectable at presentation
Lesions whose resection may be significantly more
demanding, if the tumor were to grow further, in terms
of impending vascular involvement or change in the
type of pancreatectomy required (Whipple vs. distal)
may be preemptively approached surgically to avoid a
more morbid operation in the future, especially in
younger patients.

The operation required for SCAs is a segmental pan-
createctomy targeting the site of the lesion. In a recent,
large retrospective series of 1590 operations for SCA,
distal pancreatectomy (54%) was more common than the
Whipple procedure (29%) and operative mortality in this
series was 0.6% [19]. Central pancreatectomy has also
been described for resection of mid-gland lesions located at
a safe distance from the common bile duct. Fistula rate is
slightly higher than distal pancreatectomy (44 vs. 29%),
but mortality is similar and central pancreatectomy patients
had significantly reduced rates of long-term diabetes mel-
litus and pancreatic exocrine insufficiency [30]. Enucle-
ation of SCA is also described for smaller lesions [19, 31].
Duodenum-preserving pancreatic head resection can also
be performed with no recurrence in limited, small series
[32].

Postoperative surveillance is not necessary, unless
invasive carcinoma is found pathologically [33]. One study
followed patients for a median of 49 months after resection
and found no disease recurrence [34].

In general, once the diagnosis of a SCA is confirmed
radiographically and/or by EUS, observation is sufficient.
Resection is recommended for lesions that are indetermi-
nate, clearly symptomatic, rapidly growing, or marginally
resectable at presentation, especially in younger patients.

Mucinous Cystic Neoplasm

Resection of mucinous cystic neoplasms (MCNs) is rec-
ommended for all surgically fit patients [16], because
current understanding suggests that all MCNs will trans-
form to malignancy if not resected [35]. In addition, MCNs
are commonly located the body or tail of the pancreas in
middle-aged women, so the decision to operate is relatively
straightforward as in most cases the operation is a laparo-
scopic left pancreatectomy and the patient is a good sur-
gical candidate (Fig. 2).

MCNs are very difficult to differentiate from branch
duct intraductal papillary mucinous neoplasms (BD-
IPMNs) radiographically. Both lesions have high carci-
noembryonic antigen (CEA) level on cyst fluid analysis
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Fig. 1 Serous cystadenomas larger than 4 cm appear to have a higher annual growth rate, often prompting surgical resection (adapted with

permission from Tseng et al. [28])

Fig. 2 Unilocular mucinous pancreatic cyst discovered incidentally
by CT (left) in a 32-year-old woman. The patient underwent a
laparoscopic spleen-preserving distal pancreatectomy. The surgical
specimen is shown on the right. Note the location of the lesion

(mucin production), but MCN fluid tends to have low
amylase levels (no communication with the pancreatic
duct). The hallmark of pathologic diagnosis for MCNs is
the presence of ovarian-type stroma surrounding the cyst
epithelium [15]. Carcinoma or atypia is present in 80% of
patients when looking into early surgical series of symp-
tomatic patients [36]. However, more recent series suggest
a much lower rate of malignancy (mucinous cystadeno-
carcinoma), perhaps in the range of 5-20%, as the majority
of lesions are found incidentally [37, 38]. Advanced age,

@ Springer

(outlined with the dashed line) in relation to the pancreatic transection
staple line (marked with the arrows). Pathology demonstrated a
mucinous cystic neoplasm without dysplasia

tumor diameter greater than 4 cm, and mural nodularity
have been proposed as predictors of malignancy [38—40].

As mentioned, the method of resection for the over-
whelming majority of patients with MCN is distal pan-
createctomy [38, 39]. Laparoscopic surgery is preferable
provided the specimen can be removed without violation of
the cyst wall and can be left intact for histological analysis
[16, 35, 41]. Larger MCNs can be aspirated inside a
specimen bag in the abdominal cavity and can be removed
through a laparoscopic port site, especially if the suspicion
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for invasive malignancy is low. Lymphadenectomy
including the nodes immediately adjacent to the pancreatic
parenchyma should be performed [35]. The spleen can be
preserved if there is no evidence of direct invasion [35, 42].
Limited pancreatic resections, such as enucleation and
central pancreatectomy, can be performed [30-32, 43]. As
mentioned, while central pancreatectomy has a higher
postoperative pancreatic fistula rate, there are significantly
lower rates of long-term endocrine and exocrine pancreatic
insufficiency [30, 44].

In terms of long-term outcomes, two separate series
reporting on a total of 234 patients showed no recurrence in
the absence of invasive malignancy; however, the 5-year
disease-specific survival ranged from 57 to 75%, if muci-
nous cystadenocarcinoma was present [39, 40]. Postoper-
ative surveillance is not required for noninvasive MCNs as
they are considered—in contrast to IPMNs—to be a uni-
focal process and the remnant pancreas is not at risk for
developing a metachronous lesion [40, 45]. However, for
mucinous cystadenocarcinoma, radiographic surveillance
should be instituted in a way similar to resected pancreatic
adenocarcinoma [16].

Observation of suspected MCN has been reported in the
literature in the context of neoplastic pancreatic cysts in
general, due to an indeterminate diagnosis [46]. Unfortu-
nately, without pathologic confirmation, we cannot know
whether these lesions were BD-IPMN or MCN. Some
argue in favor of observing small lesions (<3 cm) with no
nodularity and a normal serum CA19-9 [39]. MRI may be
the most useful imaging study to follow MCN, as it can
accurately identify cystadenocarcinoma within an MCN in
91% of cases based on cyst size (>7 cm), septal thickness
(>3 mm), wall thickness (>3 mm), number of loculations
(>4), nodules, T1 hyperintensity, invasion into adjacent
structures, and evidence of metastases [42]. Observation of
MCN is not currently the first-line strategy, but could be
reserved for elderly patients with co-morbidities and
lesions without any of the above worrisome features.

Intraductal Papillary Mucinous Neoplasms

IPMNs are a heterogeneous group of mucin-producing
pancreatic cystic neoplasms, characterized by intraluminal
growth of papillary epithelium, either involving the main
duct (MD) or a branch duct (BD). Since their recognition
20 years ago, these lesions have attracted considerable
attention as the most common radiographically identifiable
precursor lesion of pancreatic adenocarcinoma. Approxi-
mately 10-20% of pancreatic cancers are felt to be arising
in the setting of an IPMN. Interestingly, this subset of
IPMN-related pancreatic cancers appears to have a better
prognosis than conventional pancreatic adenocarcinoma

[47]. Therefore, identifying an IPMN at a pre-invasive or
early invasive stage appears to be an opportunity to prevent
or cure pancreatic cancer.

The rates of malignancy (in situ or invasive carcinoma)
are much lower for BD-IPMNs (7-51%) compared with
MD-IPMNs (70%) [16]. Therefore, the main question
when managing a patient with a BD-IPMN is “when is an
operation necessary?” Conversely, for MD-IPMNs an
operation is almost always necessary, but the question to
answer is “which operation is necessary?”

Branch Duct IPMN: When Is an Operation
Necessary?

Per the 2012 Fukuoka consensus guidelines for IPMN,
resection is justified in patients with “high-risk stigmata,”
including obstructive jaundice in the presence of a cystic
lesion in the head of the pancreas, main pancreatic duct
dilation to 10 mm or more, or a cystic lesion with an
enhancing solid component. The presence of “worrisome
features,” including pancreatitis, main pancreatic duct
dilation of 5-9 mm, a non-enhancing mural nodule, cyst
wall thickening or enhancement, cyst greater than 3 cm in
size, and an abrupt change in the caliber of the pancreatic
duct with distal pancreatic atrophy, should prompt further
investigation with EUS. If EUS shows a definitive mural
nodule or main duct involvement or FNA shows suspicious
or malignant cytology, then resection is warranted. In the
absence of worrisome features, cysts less than 1 cm should
be followed with a CT or MRI in 2-3 years and if no
change the frequency of radiographic observation can be
determined on an individual basis; cysts that are 1-2 cm
should have yearly CT or MRI for 2 years and then a
longer observation interval if no change is noted. Last,
cysts 2-3 cm in size without worrisome features should be
followed with alternating EUS and MRI every 3—6 months;
however, surgery may be considered in young, fit patients
to avoid many years of prolonged radiographic surveillance
[16].

A segmental pancreatectomy targeting the lesion is the
operation of choice for BD-IPMN. These lesions are dis-
tributed relatively uniformly throughout the gland, with a
slight predilection for the head (58%) versus body/tail
(35%) [48]. Multifocality of BD-IPMN occurs in up to
25% of cases [48, 49]. In such cases, the surgeon should try
to avoid a total pancreatectomy. Instead, the index high-
risk lesion should be resected with a partial pancreatectomy
and regional lymphadenectomy, leaving less worrisome
lesions behind in the remnant pancreas for postoperative
surveillance. The benefit of this approach is based on
preservation of pancreatic parenchyma and avoidance of
the apancreatic state with associated brittle diabetes. When
total pancreatectomy has been performed for non-
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malignant IPMN, the 5-year survival has been reported to
be only 74% and the 90-day mortality as high as 7% [50].
Central pancreatectomy and enucleation can been per-
formed in selected cases of BD-IPMN without high-risk
stigmata [30, 51].

The 2012 guidelines may actually lead to overtreatment
of BD-IPMN. A recent retrospective multicenter analysis
showed that surveillance of patients with worrisome fea-
tures was associated with a 96% S5-year disease-specific
survival [52]. For BD-IPMN specifically, the 5-year overall
survival was 86% when considering an initial strategy of
surveillance for both high-risk stigmata and worrisome
features. Radiographic evidence of progression was seen in
52% over a median follow-up of 51 months, but only 14%
of the cohort underwent resection. Along the same lines,
the rate of malignancy within BD-IPMNs appears to be
variable depending on the study methodology used: In
retrospective surgical series, associated with obvious
selection bias toward resection, the malignancy rate is
approximately 25%, but in prospective series of non-op-
erative management for BD-IPMN the malignancy rate has
been reported to be as low as 5% [16, 53].

Main Duct IPMN: Which Operation Is Necessary?

Approximately 70% of MD-IPMN lesions contain high-
grade dysplasia or invasive cancer [54]. Given this high
prevalence of malignancy, the decision to proceed with
surgical resection is more straightforward for MD-IPMN:ss;
however, determining the type of resection remains an
important consideration.

Segmental ectasia of the main pancreatic duct or the
presence of a radiographically high-risk lesion (typically a
solid mass) can guide the surgeon to perform a right
(Whipple) or left (distal) pancreatectomy (Fig. 3). How-
ever, if the main duct is diffusely dilated without a focal
high-risk lesion (complex cysts or nodules seen on CT,
MRI, or EUS), the surgical community is divided
regarding the most appropriate approach: On one hand, a
total pancreatectomy can be considered to extirpate all
radiographically visible disease (Fig. 4); on the other
hand, the majority of pancreatic surgeons would recom-
mend a Whipple (right) pancreatectomy with frozen sec-
tion of the pancreatic neck margin. If high-grade
dysplasia or invasive cancer is noted at the margin, the
resection is extended to include an additional segment of
pancreatic body until the margin is negative (for high-
grade dysplasia or carcinoma). If this is not accomplished,
the resection can be extended to a completion pancrea-
tectomy. In a recent single-institutional series of 173
patients undergoing resection for MD-IPMN at a high-
volume center, total pancreatectomy was only required in
about 10% of cases [55]. Central pancreatectomy is rarely
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adequate for this disease due to the high likelihood of
positive transection margins [56].

Lymph node positivity occurs in approximately 13% of
MD-IPMN cases and is associated with decreased survival
[55]. In addition, a higher number of positive lymph nodes
is associated with worse survival [57]. Therefore, a regio-
nal lymphadenectomy should be performed for all resec-
tions of MD-IPMN, in the context of an oncologically
complete operation [56].

As mentioned, frozen section analysis of the pancreatic
margin is critical when performing a segmental pancrea-
tectomy for MD-IPMN. Positive transection margins for
high-grade dysplasia or carcinoma increase the risk of local
recurrence and decreased survival [55, 58]. Intraoperative
frozen section analysis is recommended to guide the extent
of resection [59]. Additional resection should be pursued if
histological examination shows at least high-grade dys-
plasia [60]. A recent study on MD-IPMN patients showed
that the positivity of intraopertative frozen section analysis
of the pancreatic margin for high-grade dysplasia or inva-
sive carcinoma was 16% [55].

Laparoscopic surgery may lead to improved immediate
postoperative outcomes with no compromise on the ulti-
mate oncological outcome for pancreatic adenocarcinoma
[61-63]. Minimally invasive techniques have been estab-
lished for distal pancreatectomy and are recently being
applied selectively to Whipple and total pancreatectomy
[64].

Long-Term Outcome and Follow-Up

Prognosis and surveillance after resection of IPMN heavily
depends on whether invasive carcinoma is found within the
lesion. If this is the case, adjuvant therapy and follow-up
strategies should resemble those for conventional pancre-
atic adenocarcinoma. Interestingly, IPMN-associated pan-
creatic cancer appears to have better prognosis than de
novo pancreatic cancer (Fig. 5). Among IPMN-associated
cancers, colloid carcinoma (arising from intestinal-type
IPMN) behaves more favorably than tubular carcinoma
(arising from pancreaticobiliary IPMN, Fig. 5) [47, 65].
Despite this improved prognosis, most oncologists would
recommend adjuvant gemcitabine-based chemotherapy and
cross-sectional imaging every 3—6 months after resection
of invasive IPMN. It should be noted that there is no evi-
dence supporting this approach, but this recommendation is
based on data extrapolated from trials on standard pan-
creatic adenocarcinoma.

After partial pancreatectomy for noninvasive IPMN,
close radiographic follow-up is still recommended, as the
process is felt to represent a “field defect” affecting the
entire gland and additional lesions can appear in the rem-
nant pancreas over time. In this situation, the recurrence
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Fig. 3 In the case of MD-IPMN, the operative approach may vary
depending on the morphology of the lesion: Segmental ectasia of the
main pancreatic duct should prompt the surgeon to perform targeted
partial pancreatectomy to remove the affected part of the pancreas
with either a Whipple (fop right) or a distal (top left) pancreatectomy.
If the main duct is diffusely dilated, the method of resection depends
on the presence or not of a focal high-risk lesion (complex cyst or
nodule seen on CT, MRI, or EUS). If one is present (bottom right), a

rates in the pancreatic remnant have been reported to be
between 5 and 25% [58, 66—69]. A retrospective review
from Johns Hopkins demonstrated that following surgery
for noninvasive IPMN 25% of patients developed a new
IPMN over a period of 5 years [67]. The risk of developing
pancreatic cancer was 7% at 5 years and 38% at 10 years.
A similar study from Memorial Sloan Kettering reported
that after resection for noninvasive IPMN 8% of patients
experienced recurrence in the pancreatic remnant within a
median follow-up of 36 months [58]. Based on the afore-
mentioned data, surveillance imaging should occur at 2 and
5 years for completely resected IPMN with no dysplasia at
the margin. If low-grade or moderate-grade dysplasia is
noted at the transection margin, imaging should occur at
6-month intervals for 2 years followed by annual surveil-
lance [16, 68]. Long-term follow-up beyond 5 years is also
justified, as the chance of developing a new IPMN after
surgery for noninvasive IPMN can be as high as 62% at
10 years [67].

Solid Pseudopapillary Neoplasm
Solid pseudopapillary neoplasms (SPNs) are uncommon

cystic lesions of the pancreas, typically seen in the body
and tail of the gland in young women. They comprise

partial targeted pancreatectomy should performed (in this case a
Whipple) with frozen section of the neck margin (and additional
resection if the margin is positive for high-grade dysplasia or
carcinoma); if no high-risk lesion is present and the duct is diffusely
dilated (bottom left), the options include a total pancreatectomy or a
Whipple pancreaticoduodenectomy with frozen section of the neck
margin (as described above). Most surgeons would favor the latter
approach in this situation

roughly 2% of pancreatic cysts [46]. They tend to have low
malignant potential. A recent meta-analysis including 2744
patients revealed vascular involvement in 4.6%, lymph
node metastasis in 1.6% and distant metastasis in 7.7% of
cases [70]. Preoperative diagnosis by cross-sectional
imaging is usually feasible, as these tumors usually appear
as large, well-demarcated, solitary, mixed solid-cystic
heterogeneous masses. EUS/FNA typically confirms the
diagnosis, especially with beta-catenin immunostaining
[71, 72].

SPNs are most commonly resected by distal pancreate-
ctomy (49%), followed by Whipple procedure (24%).
Parenchymal-sparing resections including central pancrea-
tectomy and enucleation are less common (13%) [70].
Since 2005, there has been a significant increase in mini-
mally invasive resections [73]. Splenic preservation seems
to have no effect on recurrence [74].

Recurrence after resection of SPN is between 1 and 9%
over approximately 50 months of follow-up [70, 75].
Disease-specific mortality is 1.5% over the same follow-up
period [70]. In cases of recurrence or metastatic disease,
survival can be prolonged significantly with repeat surgery,
metastasectomy, radiation, or radiofrequency ablation of
liver metastases [73].

There are no current recommendations for surveillance,
but annual surveillance has been suggested for at least
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Fig. 4 MD-IPMN case necessitating a total pancreatectomy. Abdom-
inal CT (top left) showing massive diffuse dilatation of the main
pancreatic duct with extensive calcifications involving the pancreatic
parenchyma. ERCP images (top right) showing dilated bile and
pancreatic ducts, with irregular-shaped filling defects which were
noted to change shape in real time, suggestive of mucin within the

- - - IPMN-associated Invasive Adenocarcinoma

08 - — Standard Pancreatic Ductal Adenocarcinoma

0.6

0.4

Cumulative Survival

0.2 1

0.0

Time (months)

Fig. 5 IPMN-associated pancreatic cancers tend to have a better
prognosis after resection than standard pancreatic adenocarcinoma
(left). This is particularly true for colloid IPMN carcinoma (arising
from intestinal-type IPMN) as opposed to tubular IPMN carcinoma
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pancreatic duct. Operative specimen (bottom left) of total pancrea-
tectomy that was necessary to extirpate the tumor replacing the entire
pancreas. Gross inspection of the sectioned surgical specimen (bottom
right) shows diffuse replacement of the entire gland by mucin-filled
cysts
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(arising for pancreaticobiliary type IPMN). This favorable prognosis
appears to be related to a lower rate of lymph node metastasis
(adapted with permission from Poultsides et al. [47])
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Fig. 6 Preoperative CT scan and operative specimen (distal pancreatectomy and splenectomy) of a cystic pancreatic neuroendocrine tumor. Note
the hyperenhancing rim around the cystic tumor, which usually points to the diagnosis
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Fig. 7 Summary of treatment algorithm for the various types of pancreatic cystic neoplasms

5 years [76]. Tumor size greater than 8 cm, microscopic
malignant features, and initial stage IV disease are signif-
icant predictors of recurrence and should prompt active
surveillance. Median time to recurrence was 18.6 months
in one study [73].

Cystic Pancreatic Neuroendocrine Tumors

Cystic pancreatic neuroendocrine tumors (cPNETS) repre-
sent a small minority of both pancreatic cysts and pan-
creatic neuroendocrine tumors (PNETSs). cPNETs comprise
approximately 7% of cystic pancreatic neoplasms [7]. They
are typically non-functioning. These lesions are distin-
guished by other cysts on cross-sectional imaging based on
their enhancing hypervascular rim and lack of septations
(Fig. 6). EUS is a useful tool to obtain tissue that can be
stained for synaptophysin and chromogranin A [77]. Most

lesions are found incidentally and are less than 3 cm in
diameter [78].

The degree of cystic component appears to correlate
with clinicopathologic features and prognosis for cPNETs,
with cystic tumors exhibiting a more favorable behavior. A
recent retrospective review of 214 PNET patients from the
authors’ institution included eight patients with purely
cystic tumors, seven with mostly cystic tumors, 15 with
mostly solid tumors, and 184 with purely solid tumors [79].
As the degree of cystic component decreased, the rate of
several unfavorable factors increased, such as tumor size
(15+05, 30=x17, 37+£26, and 4.0 £ 3.5 cm),
lymph node metastasis (0, 0, 26.7, and 34.2%), interme-
diate or high grade (0, 16.7, 20.0, and 31.0%), synchronous
liver metastases (0, 14.3, 20.0, and 26.6%), and need for
pancreaticoduodenectomy (0, 0, 6.7, and 25.0%). No cases
of purely cystic PNETs were associated with synchronous
liver or lymph node metastasis, intermediate/high grade,
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recurrence, or death due to disease. Among patients pre-
senting without metastatic disease, 10-year recurrence-free
survival was 100% in patients with purely and mostly
cystic tumors versus 53.0% in patients with purely and
mostly solid tumors. The authors hypothesized that perhaps
purely cystic PNETs may represent a subset of PNETs
pancreatic cystic neoplasms that can be safely observed
without the need for immediate resection.

Conclusion

Surgical management of pancreatic cystic neoplasms con-
tinues to evolve toward a more selective resection strategy,
as our ability to preoperatively diagnose their histopatho-
logic type is gradually improving. Once the diagnosis is
established, the recommended management algorithm is
summarized in Fig. 7. On one end of the management
spectrum, observation is recommended for typically benign
lesions (serous cystadenoma), and on the other end, upfront
resection is recommended for likely malignant lesions
(main duct IPMN, mucinous cystadenoma, solid pseu-
dopapillary tumor, and cystic pancreatic neuroendocrine
tumors). In between, management of premalignant lesions
(branch duct IPMN) is dictated by the presence of high-risk
features. In general, an operation is justified when its risk is
lower than the risk of the lesion harboring malignancy.
Although modern cross-sectional imaging and endoscopic
ultrasonography can lead to the correct diagnosis in the
majority of cases, the accurate identification of the degree
of dysplasia within the cyst preoperatively still remains
challenging. Future scientific discovery in this direction
will further allow for an even more successful selection of
patients who truly require an operation and will avoid
observation of patients with cysts harboring an occult
malignancy.
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