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Abstract

Pancreatic cystic lesions (PCL) may be incidentally detected in up to 13.5% of patients. These
represent a wide variety of lesions including mucinous cysts [intraductal papillary mucinous
neoplasms (IPMN) and mucinous cystic neoplasms (MCN)] that have malignant potential.
The difficulty in identifying the various PCL and their unpredictable potential for malignant
degeneration makes their management cumbersome. The current diagnostic evaluation of PCL
often includes EUS-guided fine needle aspiration (EUS-FNA) for cyst fluid analysis. Cyst fluid
can be analyzed for tumor markers, cytology, mucins, DNA analysis and amylase. Pancreatic
cyst CEA level is considered the most accurate tumor marker for diagnosing mucinous cysts.
Approximately 0.2 to 1.0 mL of cyst fluid is required to run the test and a cut-off of 192 ng/
mL can be expected to capture ~75% of mucinous cysts. The presence of a KRAS mutation is
very specific for a mucinous cyst but lacks sensitivity. Cytology is especially helpful in diagnos-
ing malignancy typically in the presence of a solid component in the cyst. Newer markers to

improve diagnostic accuracy are on the horizon, but clinical studies are awaited.
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Introduction

Pancreatic cystic lesions (PCL) are being detected with
increasing frequency because of the widespread use of cross-
sectional imaging. In a recent study, up to 13.5% of patients
undergoing magnetic resonance imaging for reasons unrelated
to the pancreas were found to have a pancreatic cyst [1].

PCL represent a wide variety of lesions including congenital,
inflammatory and neoplastic cysts [2]. The World Health
Organization includes intraductal papillary mucinous
neoplasms (IPMN), mucinous cystic neoplasms (MCN), solid
pseudopapillary neoplasms (SPN) and serous cystic tumors (SCT)
in the neoplastic category. IPMN and MCN together are known
as mucinous cysts and along with SPN have malignant potential
[3-6]. SCT are benign lesions [7], and along with pseudocysts,
retention cysts and lymphoepithelial cysts have no malignant
potential making surgical resection and surveillance unnecessary
[8]. Branch duct IPMN (BD-IPMN), while possessing malignant
potential, have been suggested to be indolent compared to
their main duct counterpart [6,9-12]. The variety of PCL and
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their varied potential for malignant degeneration makes their
management tedious. Guidelines have been suggested to assist
in the management of pancreatic cystic lesions, which include
resection and surveillance recommendations [13]. These
recommendations rely on an accurate diagnosis of cyst type as
well as assessment of the presence or absence of malignancy,
which in reality, can be very challenging.

While dramatically increasing the detection of pancreatic
cysts, cross sectional imaging has been found to be inaccurate
for the diagnosis of pancreatic cystic lesions with an accuracy
of around 61% for differentiating between mucinous,
nonmucinous, and malignant PCL [14]. Endoscopic ultrasound
(EUS) allows for high resolution imaging of the pancreas,
however EUS morphology alone has an accuracy of 50-73%
for differentiation between mucinous and nonmucinous cysts
and suffers from high interobserver variability even amongst
experts [15-18].

The current diagnostic evaluation of PCL often includes
EUS-guided fine needle aspiration (EUS-FNA) for cyst fluid
analysis. Cyst fluid can be analyzed for tumor markers, cytology,
mucins (MUCs), DNA analysis, viscosity and chemistries
(most commonly amylase). Here, we present a review of the
available literature in the utility of cyst fluid analysis in the
differentiation of pancreatic cystic lesions.

Tumor markers

Early studies in the 1980s suggested the role of
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carcinoembryonic antigen (CEA) and carbohydrate antigen
(CA) 19-9 in the differentiation of PCL [19,20]. In 1992,
Lewandrowski et al in a series of 26 patients, noted that
cyst fluid CEA levels were high (>367 ng/mL) in both
benign and malignant mucinous cysts, but low (<23 ng/
mL) in pseudocysts and serous cystadenomas (SCA), an
indication that CEA can discriminate between mucinous
and nonmucinous cysts. In the same study, CA 19-9 and 125
levels were more variable with overlap between mucinous
and nonmucinous cysts.

Additional studies followed demonstrating that tumor
markers CEA and CA 72-4 were present in high concentrations
in the cyst fluid from mucinous cystic neoplasms with various
optimal levels and accuracies [21-24]. In 2004, a multicenter
prospective study demonstrated that various combinations of
morphology, cytology and tumor markers (CEA, CA 72-4, CA
125, CA 19-9 and CA 15-3) did not provide additional diagnostic
accuracy [16]. Instead, cyst fluid concentration of CEA alone
was found to be more accurate than combination testing.
An optimal cutoff value of 192 mg/mL was associated with a
diagnostic accuracy of 79% for detection of mucinous cysts.

In a pooled review of 12 studies including the multicenter
study noted above, a CEA >800 ng/mL strongly suggested
mucinous pathology with a specificity of 98% although
sensitivity was poor at only 48% for an overall accuracy of
79% [25]. A CEA<5 had similar performance characteristics
(sensitivity 50%, specificity 95%, accuracy 67%) for detection
of a SCA or pseudocyst. Also noted was that a CA 19-9 <37
U/mL was strongly indicative of a pseudocyst or SCA with
a specificity of 98%. Again, however, sensitivity was poor at
only 19% yielding an accuracy of only 46%.

Several studies have been published since with variable
ranges of CEA levels for optimal detection of mucinous
cysts ranging from 30 ng/mL to 480 ng/mL [7,26-28]. In a
more recent single center experience, cyst fluid CEA values
for mucinous (benign and malignant) and nonmucinous
(inflammatory and serous) cysts were compared in 154
subjects [17]. Forty patients did not have sufficient fluid for
CEA analysis. A significant difference was seen between
mucinous, serous, and inflammatory cyst types. The calculated
optimal CEA cutoff value for distinguishing between a
mucinous and nonmucinous cyst was 109.9 ng/mL, with
a reported sensitivity and specificity of 81% and 98%,
respectively, for an overall accuracy of 86%. No difference
in CEA levels were seen between benign mucinous and
malignant mucinous cysts.

Benign lymphoepithelial cysts have been found to
express high levels of CEA. Although lined by squamous-
type epithelium, a recent series found that all resected
lymphoepithelial cysts expressed CEA as well as CA19-9 with
some exhibiting markedly elevated cyst fluid CEA levels [29].

Currently, pancreatic cyst CEA level is considered the
most accurate tumor marker for diagnosing a mucinous
PCL. The accuracy may vary among different laboratories
and approximately 0.2 to 1.0 mL of cyst fluid is required to
run the test. A cut-off of 192 ng/mL is typically referenced
as the standard although not insignificant differences can be
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seen between studies and levels can vary from laboratory to
laboratory. At our institution, CEA is the only cyst fluid tumor
marker that is routinely used at this time for the diagnostic
work-up of a PCL.

Cytology

Cytology typically relies on the detection of: a) MUC-
containing cells (in case of IPMN and MCN), b) malignant
cells, c) glycogen-rich cuboidal cells (in case of SCT), d)
branching papillae with myxoid stroma in the case of a solid
pseudopapillary neoplasm (SPN), and e) abundant anucleate
squamous cells and debris in lymphoepithelial cysts.

In the absence of an associated solid component, however,
pancreatic cyst fluid from mucinous cysts is frequently acellular
or paucicellular with resultant low diagnostic yield. In two large,
multicenter studies, detection of MUC-containing cells led to
a sensitivity of 32-35% and specificity of ~83% for diagnosing
MCN and IPMN [16,26]. The reported overall accuracy in
the first study was 59%, which was not much better than EUS
morphology alone and significantly less than that of cyst
fluid CEA level [16]. In a pooled review, overall combined
sensitivities of 45% and 48% were seen for the detection of
benign mucinous and malignant cysts, respectively [25]. For
the detection of SCT, cytology was even poorer with a positive
result in only 23/60 or 38% of cases [25].

In a recently published single center study of 141 cysts,
cytology was diagnostic in 58% of subjects [17]. Although the
cytology findings were highly specific (51/53, 96%), they were
insensitive (61/141, 43%), resulting in a low overall accuracy
for detection of mucinous lesions at 58%. However, when
compared to EUS morphology and CEA for the detection
of malignant cysts, cytology was the most accurate with a
sensitivity of 38%, specificity of 96% and accuracy of 75%.

Recent studies have shown that the yield of cytology can
be increased with the use of a cytobrush passed through a
19 gauge FNA needle [30,31]. When compared to standard
EUS-FNA, in cysts larger than 2cm, cytobrushings were
significantly more likely to detect MUC-containing cells.
Significant complications were seen in 8% (3/39) of patients
undergoing cytobrushings, which included bleeding in one
and acute pancreatitis in the remainder. This technique has
yet to become routine practice.

Mucins

MUC:s are heavily glycosylated, high-molecular-weight
glycoproteins that are commonly expressed in epithelial cells,
which line mucinous cystic neoplasms. These can be detected
by special MUC stains (mucicarmine, Alciana blue/PAS) or by
the detection of a number of different specific glycoproteins
utilizing gene expression.

MUC staining can be performed on specimens sent for
cytology and has the benefit of not requiring any additional cyst
fluid. A PPV of 83% for the detection of a mucinous cyst using
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MUC staining has been reported [32]. Sensitivity, however, was
poor with only 12/29 mucinous cysts being detected by staining. A
second, relatively small study, noted a sensitivity of mucicarmine
staining for detecting MCN at 56% (5/9 lesions) [33]. In a more
recent and larger series of patients, 66/121 mucinous cysts were
positive for MUC with a reported sensitivity of 80% and specificity
of 40% [34]. MUC staining was found to be complementary to
cyst CEA levels and cytology and when 1 of 3 was found to be
positive, sensitivity and specificity increased to 92% and 52%,
respectively, for an overall PPV of 86%.

Staining of gastric contaminants, which may be
misinterpreted as cyst fluid epithelial cells is a limitation of
MUC staining. Furthermore, MUC staining does not provide
any potential information regarding MUC expression. MUCs
come in a variety of different categories and aberrant/altered
MUC expression has been previously described in pancreatic
ductal adenocarcinoma (DAC) and its role in mucinous
neoplasms has been evaluated [35].

While MUCI is not expressed in the normal pancreas,
it is aberrantly expressed in DAC [36,37]. It has been noted
that MUCI is also expressed in the invasive components of
mucinous cysts that are of DAC or undifferentiated carcinoma
type whereas noninvasive MCN lack MUC1 expression
and alternatively express MUC2 and MUCS5A [36-38]. This
information suggests that MUC1 may be a potential indicator
of invasiveness while the presence of MUC2 and MUCS5A is
more suggestive of noninvasive disease. A number of studies
have had conflicting results including a series of resected
lymphoepithelial cysts all expressing MUCI [29]. In a recent
study, the expression of MUCI was similar in both neoplastic
and nonneoplastic cysts and was also expressed in half of all
patients with chronic pancreatitis [39].

DNA

The progression of normal pancreatic duct cells to
pancreatic cancer is characterized by the accumulation of
genetic mutations, gene silencing, and chromosomal deletions
[40]. As such, cyst fluid DNA analysis has been investigated
with the aim to differentiate premalignant mucinous pancreatic
cysts from nonmucinous cysts, and to detect malignancy in
pancreatic cysts.

There has been one prospective, multicenter study of
pancreatic cyst DNA analysis [26]. In this study, the presence of
a KRAS mutation in cyst fluid was highly specific for a mucinous
cyst (96%) but the sensitivity (45%) was low. The elements
of DNA analysis associated with malignant cysts included a
high DNA amount (optical density ratio >10) and allelic loss
amplitude over 82% (suggesting that 82% of the DNA in the
fluid was affected by the mutation) with a sensitivity of 70%
and a specificity of 85%. The presence of a high amplitude
KRAS mutation (i.e. most of the DNA in the fluid was affected
by the mutation) followed by allelic loss showed maximum
specificity (96%) for malignancy but poor sensitivity. These
results were not able to be validated in one small cohort of
patients in which consistency in histology, CEA levels, and
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molecular analysis was seen in approximately 1/3 of the cases
[41]. However, an additional study of 35 cysts found that DNA
analysis including the components discussed above had a
sensitivity and specificity of 83% and 100% for a malignant
cyst and 86% and 93% for a benign mucinous cyst [42].

A comparison between CEA and molecular analysis
noted poor agreement for diagnosis of mucinous cysts [43].
Only a fraction (19/100) of the included patients, however,
had a final histological diagnosis, making the drawing of any
conclusions from this data difficult.

We recently completed a long term follow up study of
patients who underwent EUS-FNA along with complete
DNA analysis [44]. Pancreatic cysts were categorized as
“non-indolent” and “indolent” based on surgical pathology
and outcome. In a multivariate analysis, pancreatic cyst fluid
KRAS mutation was the only component of cyst fluid analysis
associated with non-indolent behavior including resection of
amucinous cyst, cyst progression, development of malignancy
and death due to pancreatic cancer.

In our practice at the University of Pittsburgh, detection
of KRAS mutation is the only molecular marker currently
used for the diagnosis of IPMN and MCN. This test can be
easily performed at most tertiary hospital laboratories and the
amount of cyst fluid necessary for analysis is only a fraction
of a milliliter (1-2 drops). This cost of the molecular analysis
at our institution is bundled with the cytology interpretation
charges. There is also a commercial lab that offers this testing
(RedPath Integrated Pathology Inc.).

Viscosity

Mucinous cyst aspirates were reported to be viscous in the
early 1990s. In 1993, Lewandrowski and others reported that
measurement of the relative viscosity in cyst fluid demonstrated
high (> serum viscosity) values in 89% of mucinous tumors
and low values (< serum) in all pseudocysts and SCA [45]. In
a more recent single center prospective study of 71 patients,
mean viscosity was significantly higher in MCN compared
to pseudocysts and SCT [28].

The concept of the “string sign” as an indirect and
inexpensive measurement of viscosity was introduced in
2009 by Leung et al [27]. Determined by placing a sample
of aspirated fluid between the thumb and index finger and
measuring the length of stretch prior to disruption, they noted
amedian string sign of 0 mm in benign cysts and 3.5 mm in
mucinous cysts. Furthermore, for every 1mm increase, the
risk of a mucinous cyst increased by 116%.

In our experience, viscosity remains a subjective measure
and is used along with objective evidence obtained via cyst
fluid analysis to differentiate PCL.

Amylase

As an indicator of pancreatic duct communication,
cyst fluid amylase levels are commonly used to aid in the



differentiation of PCL. High levels are most commonly seen
in pseudocysts although are often seen in both MCN and
IPMN. In one study, a cutoff value for cyst amylase level of >
479 U/L showed a sensitivity of 73% and a specificity of 90%
for distinguishing pseudocysts from cystic neoplasms [33].
A pooled review of 12 studies from 2005, all with histologic
diagnosis, found that cysts with amylase <250 U/L were SCA,
MCA, or MCAC (sensitivity 44%, specificity 98%) and this
cutoft virtually excluded pseudocysts [25].

Used in conjunction with other markers, for cysts with
CEA<30 ng/mL (i.e., presumed nonmucinous), a cyst fluid
amylase level >8500 U/L detected 91% of pseudocysts, while
an amylase <350 U/L captured 85% of SCA [7]. However, a
more recent large single-center study, reported no difference
in the mean cyst fluid amylase concentration when comparing
mucinous and nonmucinous cysts [17].

We find cyst fluid amylase to be of limited utility in the
evaluation of PCL in our practice.

Future markers

Recently, GNAS mutations have been implicated in the
development of IPMN [46]. Mutations of the GNAS oncogene
have previously been shown in other tumors but not in IPMN.
Massively parallel sequencing of DNA from cyst fluid and
tissue from 19 IPMN for mutations in 169 genes showed that
14 of 19 IPMN carried a KRAS mutation and 6 of 19 IPMN
carried a GNAS mutation [47].

Table 1 Typical pancreatic cyst fluid analysis findings
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An evolving area of interest is the role microRNA (miRNA)
may play in the development and progression in IPMN and
MCN. MicroRNA are small non-coding RNA (17-25 nucleotides)
that regulate gene expression at the post-transcriptional level.
Altered expression of most miRNA has been shown in pancreatic
cancer. A recent study showed that 10/12 miRNA dysregulated
in pancreatic cancer were over-expressed in surgically obtained
tissue from 15 non-invasive IPMN (miR-155 and miR-21 had
the highest relative fold-change) [48].

Using cytokines as a measurement of antitumor response, a
recent evaluation in patients with IPMN found that interleukins
IL1 and IL8 concentrations were noted to be significantly higher
in those with high grade dysplasia or malignancy compared
to those with low or moderate dysplasia [49]. On multivariate
analysis, IL1{ remained a significant biomarker of high-risk
cysts suggesting its usefulness as a potential biomarker.

Clinical application of these exciting new potential
biomarkers awaits further study.

Concluding remarks

Pancreatic cyst fluid analysis is an important component
of the work up of pancreatic cysts. Properly utilized, it can
provide important information that can be used to improve
the diagnosis of PCL (Table 1). We currently use cyst fluid
cytology, CEA level and KRAS mutation analysis in our clinical
practice. Cytology assessment is useful primarily to make a

Intraductal papillary mucinous neoplasms Serous cystic tumors Solid pseudopapillary

and mucinous cystic neoplasms

Pseudocysts
tumors

Tumor CEA most accurate; Levels can be CEA low; < 5 ng/mL CEA low; No reported CEA low; < 5 ng/mL (95%

markers variable; 192 ng/mL most accepted cutoff (95% specific, 50%  cutoff levels specific, 50% sensitive) [25]
(84% specific, 75% sensitive) [16]. sensitive) [25]

No association with malignancy [17]

Cytology Mucin-containing columnar cells with Glycogen rich Branching papillae No typical findings;
variable atypia. Highly specific (>90%) cuboidal cells; Yield with myxoid stroma; inflammatory cells and
but insensitive (<50%) [17,25] <40% [25] Increased yield with solid debris may be present.

component.

Mucins Positive staining (40% specific, 80% No typical findings ~ No typical findings No typical findings
sensitive) [34] MUCI = invasive; MUC2
and MUCS5A = noninvasive [36-38]

DNA KRAS mutation specific for mucinous KRAS mutation KRAS mutation absent ~ KRAS mutation absent
cysts (98% specific) absent

Appearance  Thick clear fluid specific but not sensitive Thin fluid; may be  Often bloody Thin brown fluid

and Viscosity bloody

Amylase Variable; Typically IPMN>MCN; Overall, Low Low High; levels almost

no significant difference between
mucinous and nonmucinous cysts [17]

universally >250 U/L [25]

CEA, carcinoembryonic antigen; IPMN, intraductal papillary mucinous neoplasma; MCN, mucinous cystic neoplasms
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diagnosis of malignant cysts especially in the presence of a
solid component. If a cyst fluid KRAS mutation is present,
we assume the cyst to be mucinous. In the absence of KRAS
mutation (due to poor sensitivity ~50%), cyst fluid CEA is
the most accurate marker of a mucinous cyst.
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