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Pancreatic cysts

u Frequently incidentally found 
- 70 % asymptomatic

u Otherwise non-specific symptoms
- abdominal/back pain
- weight loss
- jaundice
- steatorrhea
- palpable mass

Stark A, Donahue RD et al.  Pancreatic Cyst Disease 2016; JAMA (17): 1882 – 93. 



Lee KS, et al. Am J Gastro 2010; 105; 2079-2084

Increased incidence 
with age



What is the overall risk of 
malignancy?

u Annual prevalence of 1,137 mucin producing 
pancreatic adenocarcinomas 

u Concurrent prevalence of nearly 3.5 million cysts in 
the same population (2.5%)
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0.0332% risk of 
malignancy at the 
time of diagnosis

>2 cm; 0.21% risk of 
malignancy at the 
time of diagnosis



What is the overall risk of 
malignancy?

u Incidental cyst
- 10 in 100,000 mucinous invasive cancer
- 17 in 100,000 ductal cancer

u Annual malignant transformation rate:  0.24% (AGA 
Guidelines, Pancreatic Cysts, 2015)



Classification by Cyst Lining

• PseudocystNo lining

• MCN, IPMNMucinous

• SCN, VHLSerous

• Lymphoepithelial cystSquamous

• Acinar cell carcinomaAcinar
• Ductal Adenocarcinoma, 

Lymphangioma, Neuroendocrine, 
Sarcoma, Pancreatoblastoma, SPEN

Solid tumor 
degeneration

Garcea G  Pancreatology 2008;8:236-51



Differential Diagnosis 

Asymptomatic pancreatic cyst

Non-neoplastic

Pseudocyst

Retention cyst

Lymphoepithelial
cyst

Cystic neoplasm

Serous 
cystadenoma

(SCA)

Mucinous Cystic 
Neoplasm (MCN)

Intraductal
Papillary Mucinous 
Neoplasm (IPMN)

Solid 
Pseudopapillary 

Neoplasm

Cystic degeneration 
of solid neoplasms

Ductal 
Adenocarcinoma

Acinar Cell 
Carcinoma

Neuroendocrine



Pancreatic pseudocyst

u Transition from acute peripancreatic 
fluid collection
u 4 weeks
u Well-defined wall
u Amylase/lipase
u Communication or sealed off
u Rare infection
u Dark, turbid fluid on FNA

Gut 2013:62: 102-11
Thoeni RF.  Revised Atlanta Classification.  Radiology 2012  



Gut 2013:62: 102-11



Serous cystadenoma

u Females, 60-70 yo
u Body/tail > head
u Microcystic > macrocystic

u Honeycomb appearance
u Stellate scar with calcification

- pathognomonic on CT
- sunburst

u Case reports of 
cystadenocarcinoma



Glycogen-staining cuboidal
cells on PAS stain



Solid Pseudopapillary
Neoplasm

u Rare

u Typical CT appearance
u Solid and fluid within 

capsule

u hemorrhagic

u Low grade malignancy

u Liver mets 15%

u Young women <35

u Surgical resection

Myxoid stroma

Pseududopapillae



Mucinous cystic neoplasm

u Unilocular or oligocystic
u Women, 50-60s yo

- 95 % female
u Body/tail
u Ovarian – like stroma
u Malignant potential over time

u 15 - 30% prevalence of malignancy
u Surgery 

- 5 yr survival 75-96%



Intraductal papillary mucinous 
neoplasm (IPMN)

u Grape – like clusters, cystic 
dilation of pancreatic ducts

u Not heavily favored towards 
females

u Duct involvement

- Main duct IPMN > 5 mm

u Malignant risk

- multifocal field 



Morphologic Classification of 
IPMN



Intraductal Papillary Mucinous 
Neoplasm

u Cell lineage of the “papillary 
component” of IPMNs critical

u Majority of BD-IPMNs are of the gastric 
type
u typically low grade, only a small 

percentage developing into carcinoma

u Intestinal type large and complex 
IPMNs can have invasive carcinoma 
(colloid type)



Intraductal Papillary Mucinous 
Neoplasm

u Main Duct: prevalence of 
malignancy as high as 40% at time of 
resection

u Branch Duct: prevalence of 
malignancy at time of resection 25%
u Rate of pdac 3.3% at 5 years, 15% at 15 

years 

1.Tanaka et al.  Pancreatology 2017
2.Oyama H et al.  Gastroenterology 2020



Evaluation

u Labs
- consider CA 19-9

u Cross – sectional imaging
- MR study

u Endoscopic ultrasound
- fine needle aspiration
- cyst wall biopsy
- confocal endoscopy



MRI/MRCP

u Characteristics
- number
- size
- main pancreatic duct 
communication
- solid components

u Limited in terms of type of cyst



Endoscopic ultrasound

u Size
u Mural nodules
u Communication with the main duct
u Ampulla
u Sample

u > 1 cm for measurable fluid
u Cytology (sensitivity 40-60%)
u CEA, amylase 

u Selected situations: Molecular testing, MSI 
testing

u Reaccumulation – not therapeutic



CEA

u Prospective study

u 341 patients, 112 with histology



Cyst Fluid - CEA and Amylase

Amylase CEA

Pseudocyst + -

SCA - -

MCN - +

IPMN + +

SPN - -





by the absence of aneuploidy in chromosome 5p or 8p
(Table 3). The presence of a VHL mutation has previously
been shown to be predominantly associated with SCAs.12,13

In addition, on examination of the new molecular data
presented here, the presence of LOH in chromosome 3 in the
absence of LOH in chromosomes 9, 17, or 18, was exclu-
sively identified in patients with SCA. These 2 features were
therefore added to form the SCA composite molecular
marker with the expectation that this would be a useful
feature for future assessments of cyst type; these manually
added genetic features had no effect on the performance of
the composite marker.

SPNs were identified with 100% sensitivity and 100%
specificity by the presence of a CTNNB1 mutation and the
absence of KRAS, GNAS, or RNF43 mutations or chromosome
18 LOH (Table 3).

MCNs were identified with 100% sensitivity and 75%
specificity by the absence of CTNNB1 or GNAS mutations,
chromosome 3 LOH, or aneuploidy in chromosome 1q or
22q.

Finally, IPMNs were identified with 76% sensitivity and
97% specificity by the presence of a mutation in GNAS,
RNF43, LOH in chromosome 9, or aneuploidy in chromo-
some 1q or 8p (Table 3).

Cyst Classification via Composite
Clinical Markers

In an independent set of cysts, we separately identified
composite clinical markers for each cyst type (Masica et al,
unpublished data, 2015). The new, 130-patient cohort
gave us the opportunity to validate these composite

clinical markers in an independent cohort. When applied
to the 130-patient cohort, the composite clinical markers
had high sensitivity for SCAs, SPNs, and MCNs (100%,
89%, and 90%, respectively), and modest sensitivity for
IPMNs (75%; Supplementary Table 6). The specificities of
the composite clinical markers ranged from 71% to 88%
for SCAs, SPNS, MCNs, and IPMNs. The sensitivities and
specificities estimated by cross validation in Masica et al
(unpublished data, 2015) (Supplementary Table 6) were,
in general, similar to those estimated by analysis of this
new 130-patient cohort. Although there were some dif-
ferences, such as a higher sensitivity for IPMNs in the
Masica et al study (unpublished data, 2015), all the
markers were highly significant when applied to the 130-
patient study. Although some of the sensitivities and
specificities were outside the 95% confidence intervals
of the Masica et al study (unpublished data, 2015)
(Supplementary Table 6), this is not unexpected, given that
there is almost an order-of-magnitude difference in sample
sizes between the cohorts.

Cyst Classification via Composite Molecular and
Clinical Markers

Intuitively, one would expect that the combination of 2
different sets of biomarkers could, at least in certain cir-
cumstances, provide higher accuracy than either alone. For
this purpose, we used MOCA to identify a new composite
marker set, called “composite molecular/clinical markers,”
which included the composite molecular markers noted here
plus the clinical or radiologic features identified by Masica
et al (unpublished data, 2015) as useful for cyst classification.

Because the composite molecular marker was so sensi-
tive for identifying SCAs, sensitivity was not increased by
adding clinical or radiologic features (Table 3). However, the
absence of main pancreatic duct (MPD) dilation, communi-
cation with the MPD, or abdominal pain, increased the
specificity for identifying SCA from 91% to 98% without
compromising the 100% sensitivity.

The sensitivity and specificity of the composite molecular
marker for identifying SPNs were both 100%. The addition of
the clinical or radiologic features to the molecular markers
decreased the sensitivity by 11% and decreased the speci-
ficity by 8%, for identifying this cyst type.

MCNs were similar to SCAs in that the composite mo-
lecular markers alone had perfect sensitivity (100%) but
imperfect specificity (75%). The presence of age <75 years,
and the absence of all 3 clinical or radiologic features (male
sex, multiple cysts, communication with the MPD) increased
the specificity to 97%, with a slight decrease in sensitivity to
90%.

In contrast, an increase in sensitivity was realized when
any of the following features (age !85 years, abdominal
pain, MPD dilation, or communication with the MPD) were
added to the composite molecular marker for IPMNs. This
composite molecular/clinical marker panel increased the
sensitivity for having an IPMN from 76% (composite mo-
lecular marker alone) to 94%, while slightly decreasing
specificity (from 97% to 84%; Table 3).

Table 2.Frequency of Molecular Features in Different Cyst
Types

IPMNa

(n ¼ 96)
MCN

(n ¼ 12)
SCA

(n ¼ 12)
SPN

(n ¼ 10)

KRAS 75 (78) 6 (50) 0 (0) 0 (0)
GNAS 56 (58) 0 (0) 0 (0) 0 (0)
RNF43 36 (38) 1 (8) 0 (0) 0 (0)
CDKN2A 3 (3) 0 (0) 0 (0) 0 (0)
CTNNB1 6 (6) 0 (0) 0 (0) 10 (100)
SMAD4 5 (5) 0 (0) 0 (0) 0 (0)
TP53 9 (9) 0 (0) 0 (0) 1 (10)
VHL 0 (0) 0 (0) 5 (42) 0 (0)
BRAF 1 (1) 0 (0) 0 (0) 0 (0)
NRAS 0 (0) 0 (0) 0 (0) 0 (0)
PIK3CA 0 (0) 0 (0) 0 (0) 2 (20)
LOH chr3 (VHL) 4 (4) 0 (0) 7 (64) 0 (0)
LOH chr9 (CDKN2A) 8 (8) 0 (0) 0 (0) 0 (0)
LOH chr17 (RNF43) 11 (11) 0 (0) 1 (9) 0 (0)
LOH chr17 (TP53) 5 (5) 0 (0) 0 (0) 0 (0)
LOH chr18 (SMAD4) 10 (10) 1 (8) 0 (0) 0 (0)
Aneuploidyb 48 (50) 2 (17) 6 (50) 6 (60)

NOTE. Values are n (%).
Chr, chromosome.
aIncludes 1 intraductal tubulopapillary neoplasm.
bAneuploidy of at least 1 chromosome observed. Details are
provided in Supplementary Table 3.

1506 Springer et al Gastroenterology Vol. 149, No. 6

CLINICAL
PANCREAS

KRAS GNAS VHL CTNNB1

IPMN + + - -

MCN + - - -

SCA - - + -

SPN - - - +

Cyst Fluid – Molecular Testing

Springer S et al. A combination of molecular markers and clinical features improve the 
classification of pancreatic cysts. Gastroenterology. 2015 Nov;149(6):1501-10.



  2131Singhi AD, et al. Gut 2018;67:2131–2141. doi:10.1136/gutjnl-2016-313586

Pancreas

ORIGINAL ARTICLE

Preoperative next-generation sequencing of 
pancreatic cyst fluid is highly accurate in cyst 
classification and detection of advanced neoplasia
Aatur D Singhi,1 Kevin McGrath,2 Randall E Brand,2 Asif Khalid,2 Herbert J Zeh,3 
Jennifer S Chennat,2 Kenneth E Fasanella,2 Georgios I Papachristou,2 Adam Slivka,2 
David L Bartlett,3 Anil K Dasyam,4 Melissa Hogg,3 Kenneth K Lee,3 
James Wallis Marsh,3 Sara E Monaco,1 N Paul Ohori,1 James F Pingpank,3 Allan Tsung,3 
Amer H Zureikat,3 Abigail I Wald,1 Marina N Nikiforova1

To cite: Singhi AD, 
McGrath K, Brand RE, et al. 
Gut 2018;67:2131–2141.

 Ź Additional material for this 
paper are available online. To 
view please visit the journal 
(http:// dx. doi. org/ 10. 1136/ 
gutjnl- 2016- 313586).
1Department of Pathology, 
University of Pittsburgh 
Medical Center Health System, 
Pittsburgh, Pennsylvania, USA
2Department of Medicine, 
University of Pittsburgh, 
Pittsburgh, Pennsylvania, USA
3Department of Surgery, 
University of Pittsburgh Medical 
Center, Pittsburgh, Pennsylvania, 
USA
4Department of Radiology, 
University of Pittsburgh, 
Pittsburgh, Pennsylvania, USA

Correspondence to
Dr Aatur D Singhi, Department 
of Pathology, University of 
Pittsburgh Medical Center 
Health System, Pittsburgh, 
Pennsylvania, PA 15213, USA;  
singhiad@ upmc. edu

Received 13 December 2016
Revised 29 August 2017
Accepted 14 September 2017
Published Online First 
28 September 2017

ABSTRACT
Objective DNA-based testing of pancreatic cyst fluid 
(PCF) is a useful adjunct to the evaluation of pancreatic 
cysts (PCs). Mutations in KRAS/GNAS are highly 
specific for intraductal papillary mucinous neoplasms 
(IPMNs) and mucinous cystic neoplasms (MCNs), while 
TP53/PIK3CA/PTEN alterations are associated with 
advanced neoplasia. A prospective study was performed 
to evaluate preoperative PCF DNA testing.
Design Over 43-months, 626 PCF specimens from 
595 patients were obtained by endoscopic ultrasound 
(EUS)-fine needle aspiration and assessed by targeted 
next-generation sequencing (NGS). Molecular results 
were correlated with EUS findings, ancillary studies and 
follow-up. A separate cohort of 159 PCF specimens was 
also evaluated for KRAS/GNAS mutations by Sanger 
sequencing.
Results KRAS/GNAS mutations were identified in 308 
(49%) PCs, while alterations in TP53/PIK3CA/PTEN were 
present in 35 (6%) cases. Based on 102 (17%) patients 
with surgical follow-up, KRAS/GNAS mutations were 
detected in 56 (100%) IPMNs and 3 (30%) MCNs, and 
associated with 89% sensitivity and 100% specificity for 
a mucinous PC. In comparison, KRAS/GNAS mutations 
by Sanger sequencing had a 65% sensitivity and 100% 
specificity. By NGS, the combination of KRAS/GNAS 
mutations and alterations in TP53/PIK3CA/PTEN had 
an 89% sensitivity and 100% specificity for advanced 
neoplasia. Ductal dilatation, a mural nodule and 
malignant cytopathology had lower sensitivities (42%, 
32% and 32%, respectively) and specificities (74%, 94% 
and 98%, respectively).
Conclusions In contrast to Sanger sequencing, 
preoperative NGS of PCF for KRAS/GNAS mutations is 
highly sensitive for IPMNs and specific for mucinous 
PCs. In addition, the combination of TP53/PIK3CA/PTEN 
alterations is a useful preoperative marker for advanced 
neoplasia.

INTRODUCTION
The frequent detection of a pancreatic cyst (PC) 
by abdominal imaging has created a diagnostic 
and treatment dilemma. PCs represent a broad and 
diverse group of lesions that range from benign to 

malignant entities. For example, pseudocysts and 
serous cystadenomas (SCAs) do not have malig-
nant potential and can be monitored clinically, 
whereas mucinous PCs, such as intraductal papil-
lary mucinous neoplasms (IPMNs) and mucinous 
cystic neoplasms (MCNs), can progress to invasive 
pancreatic ductal adenocarcinoma.1 2 However, 
distinguishing one cyst from another can be chal-
lenging on the basis of standard clinical findings, 
imaging parameters and ancillary fluid studies.3 
Moreover, the rate of progression of mucinous 
PCs into malignancy is low and difficult to predict. 
Weighing the risks of cancer development with the 
risks of surgical intervention, both consensus-based 
and evidence-based guidelines were developed to 
aid in the appropriate surveillance and treatment of 
PCs.4 5 While these guidelines represent an extrap-
olation of current data, several studies have found 
them to be imperfect.6–8 Hence, the management of 
PCs is often an individualised approach.

Recently, DNA-based testing has emerged as an 
adjunct to the assessment of PCs.9 Although cellular 
content and fluid volume of PC aspirates are often 
suboptimal for routine ancillary studies, such as 
cytopathology and carcinoembryonic antigen 
(CEA) quantitation, DNA from lysed or exfoliated 
cyst epithelial lining shed into the pancreatic cyst 
fluid (PCF) can be analysed for genetic abnormal-
ities.10 11 Furthermore, sequencing studies have 
identified distinct mutational profiles of the major 
PCs as well as those that have progressed to invasive 
adenocarcinoma.12–14 For example, mutations in 
KRAS are commonly detected in IPMNs and MCNs 
and the presence of GNAS mutations is highly 
specific for IPMNs.15–17 In contrast, VHL mutations 
and/or deletions are characteristic of SCAs and 
CTNNB1 mutations in the absence of other genetic 
alterations are observed in solid-pseudopapillary 
neoplasms.13 Additionally, IPMNs with advanced 
neoplasia (high-grade dysplasia and invasive adeno-
carcinoma) are reported to harbour mutations in 
TP53, PIK3CA, PTEN and/or AKT1.18–23 While 
several studies have evaluated DNA testing of PCs, 
they have largely been retrospective in design, using 
postoperative specimens, limited in sample size and/
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Table 4 Sensitivities and specificities of molecular testing and other diagnostic modalities based on 102 surgically resected PCs
Parameter Sensitivity (95% CI) Specificity (95% CI)

IPMNs
  KRAS and/or GNAS mutations 100% (0.92 to 1.00) 96% (0.84 to 0.99)
  Presence of multiple cysts 54% (0.40 to 0.67) 72% (0.56 to 0.84)
  Increased fluid viscosity 82% (0.69 to 0.91) 80% (0.66 to 0.90)
  Elevated CEA* 57% (0.40 to 0.73) 70% (0.53 to 0.83)
IPMNs with advanced neoplasia
  TP53, PIK3CA and/or PTEN alterations 88% (0.62 to 0.98) 95% (0.88 to 0.98)
  KRAS and/or GNAS mutations with TP53, PIK3CA and/or PTEN alterations 88% (0.62 to 0.98) 97% (0.89 to 0.99)
  GNAS MAF >55% or TP53/PIK3CA/PTEN MAFs at least equal to KRAS/GNAS MAFs 100% (0.77 to 1.00) 100% (0.95 to 1.00)
  Main pancreatic duct dilatation 47% (0.24 to 0.71) 74% (0.63 to 0.83)
  Presence of a mural nodule 35% (0.15 to 0.61) 94% (0.86 to 0.98)
  Malignant cytopathology† 35% (0.15 to 0.61) 97% (0.91 to 1.00)
IPMNs and MCNs
  KRAS and/or GNAS mutations 89% (0.79 to 0.95) 100% (0.88 to 1.00)
  Increased fluid viscosity 77% (0.65 to 0.86) 89% (0.73 to 0.96)
  Elevated CEA* 57% (0.42 to 0.71) 80% (0.61 to 0.92)
IPMNs and MCNs with advanced neoplasia
  TP53, PIK3CA and/or PTEN alterations 79% (0.54 to 0.93) 95% (0.88 to 0.98)
  KRAS and/or GNAS mutations with TP53, PIK3CA and/or PTEN alterations 79% (0.54 to 0.93) 96% (0.89 to 0.99)
  GNAS MAF >55% or TP53/PIK3CA/PTEN MAFs at least equal to KRAS/GNAS MAFs 89% (0.66 to 0.98) 100% (0.95 to 1.00)
  Main pancreatic duct dilatation 42% (0.21 to 0.66) 74% (0.63 to 0.82)
  Presence of a mural nodule 32% (0.14 to 0.57) 94% (0.86 to 0.98)
  Malignant cytopathology† 32% (0.13 to 0.57) 98% (0.91 to 1.00)

*On the basis of cases in which sufficient fluid was available for CEA testing.
†Malignant cytopathology was defined as at least suspicious for adenocarcinoma.
CEA, carcinoembryonic antigen; MAF, mutant allele frequency; PC, pancreatic cyst.

a sensitivity of 72% for IPMNs. The differences in sensitivity 

between Sanger sequencing and NGS can be explained by the 

detection limit for each assay. The lowest limit of detection for 

Sanger sequencing is approximately 10%–20% of mutant alleles, 

while NGS as described herein is approximately 3%–5% of 

mutant alleles. Within this study, 24% of KRAS mutant cysts and 

22% of GNAS mutant cysts had MAFs of <10%. These findings 

would suggest that Sanger sequencing is insufficient for preop-

erative VHL testing and the prevalence of VHL mutations and/

or deletions within our study cohort is likely to be inaccurate. 

Thus, we would discourage the use of Sanger sequencing when 

evaluating preoperative PCF for molecular alterations.

In addition to accurate cyst classification, PC DNA testing 

has garnered significant interest due to the genetic differences 

between mucinous PCs with low-grade dysplasia and those with 

high-grade dysplasia and invasive adenocarcinoma (advanced 

neoplasia). Alterations in the gene TP53 and those within the 

mTOR pathway have been implicated in the malignant transfor-

mation of mucinous PCs. The combination of KRAS and/or GNAS 

mutations with TP53, PIK3CA and/or PTEN alterations had 79% 

sensitivity and 96% specificity for a mucinous PC with advanced 

neoplasia. Rosenbaum et al described their experience with 

preoperative NGS testing of 113 PCs with corresponding diag-

nostic pathology available for 38 cases.25 The authors reported 

that DNA mutational analysis was associated with 46% sensi-

tivity and 100% specificity for advanced neoplasia. Although the 

authors did not include PIK3CA and PTEN within their testing 

panel, TP53 was assessed, but only mutated in 17% of cases with 

advanced neoplasia. Herein, we found that 63% of mucinous 

PCs with advanced neoplasia harboured TP53 alterations. While 

both studies used NGS, the depth of coverage for each assay was 

significantly different. Coverage refers to the number of times 

a region is sequenced. The deeper the coverage of a genetic 

target (eg, the more times a region is sequenced), the greater 

the reliability and sensitivity of the sequencing assay. Within our 

study, the minimum depth of coverage for each genetic target 

was 500×. In fact, we routinely achieved over 1000× depth 

of coverage. Rosenbaum et al aimed for a minimum depth of 

coverage of 100× with a median of 200× per target.24 25 Never-

theless, the authors state that MAFs as low as 5% were achieved 

for individual genes.

Reviewing the results of NGS testing from the entire study 

cohort revealed two findings that would improve the sensi-

tivity and specificity for detecting mucinous PCs with advanced 

neoplasia. First, a MAF >55% in GNAS was identified in 

two PCs and corresponded to IPMNs with high-grade dysplasia. 

Activating mutations in KRAS and GNAS are typically hetero-

]\JRXV� DQG� WKH�0$)� LV� ����� GXH� WR� PDVNLQJ� RI� PXWDWLRQV�
by contaminating non-neoplastic cells (eg, chronic inflamma-

tion and gastrointestinal contamination). In rare instances, the 

MAF of KRAS mutations is >50% through either deletion of 

the wild-type allele or copy number gain of the mutant allele. 

This phenomenon is known as mutant allele-specific imbalance 

(MASI) and reflects increased dosage of the mutant allele by 

copy-neutral loss of heterozygosity or gene amplification. We 

previously reported KRAS MASI in PCF correlates with muci-

nous PCs with advanced neoplasia.11 To date, GNAS MASI within 

PCF has not been described, but based on our findings it seems 

to be associated with high-grade dysplasia within IPMNs.

A second finding was a MAF for TP53/PIK3CA/PTEN that 

was at least equal to a MAF for KRAS/GNAS correlated with 

the presence of advanced neoplasia within an IPMN. Although 

the combination of KRAS and/or GNAS mutations with genetic 

alterations in TP53, PIK3CA and/or PTEN were frequently 

 on June 20, 2021 at U
C

SF. Protected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2016-313586 on 28 Septem

ber 2017. D
ow

nloaded from
 

2138 Singhi AD, et al. Gut 2018;67:2131–2141. doi:10.1136/gutjnl-2016-313586

Pancreas

Figure 2 DNA-based molecular testing of a pancreatic head cyst. An incidental 3 cm pancreatic head cyst with no associated main duct dilatation 
or mural nodule by both (A) CT (red arrow) and (B) endoscopic ultrasound. Fine-needle aspiration and subsequent (C) cytopathology showed atypical 
cells with no definitive mucin. However, DNA analysis identified mutations in GNAS and PIK3CA with MAFs of 51% and 50%, respectively. Follow-
up surgical resection revealed an (D) invasive moderately differentiated adenocarcinoma (black arrows) arising in an intraductal papillary mucinous 
neoplasm. MAFs, mutant allele frequencies.

by NGS. The status of KRAS and GNAS were essentially the same 
by NGS; however, 3 of 16 KRAS/GNAS wild type PCs by Sanger 
sequencing were found to harbour mutations in KRAS (n=3) 
and/or GNAS (n=1) by NGS.

DISCUSSION
Although several factors should be considered when evaluating 
a patient with a PC, key questions need to be answered before 
continuing further surveillance and treatment. First, what type of 
PC does the patient have? More specifically, given the malignant 
potential of mucinous PCs, is the cyst mucinous or non-muci-
nous? Second, does the mucinous PC harbour malignancy? And, 
lastly, if not, what is the malignant potential of the mucinous PC 
within the patient’s lifetime?

Similar to previous studies using retrospective cohorts and 
postsurgical specimens, our prospective evaluation of preoper-
ative DNA-based PC testing identified mutations in KRAS and/
or GNAS to be 89% sensitive and 100% specific for a mucinous 
PC. Furthermore, the presence of KRAS and/or GNAS mutations 
reached 100% sensitivity for IPMNs, and the presence of GNAS 
mutations was 100% specific for an IPMN. However, KRAS 
mutations were detected in only 30% of MCNs. While muta-
tions in KRAS are common in MCNs, the prevalence of these 
activating mutations is reported to increase with the severity of 
dysplasia.16 17 Jimenez et al identified KRAS mutations in 26% of 
MCNs with low-grade dysplasia and 89% of MCNs with high-
grade dysplasia.32 Among the MCNs within our study cohort, 
KRAS mutations were found in 100% of MCNs with high-
grade dysplasia and 13% of MCNs with low-grade dysplasia. 

Considering the relatively young age of most patients, frequent 
occurrence within the pancreatic body and tail and unknown risk 
of progression to adenocarcinoma, surgical resection is typically 
recommended for patients with MCNs.4 Therefore, the assess-
ment of KRAS alone is inadequate for the detection of MCNs 
and additional markers are needed to improve the sensitivity 
of DNA testing. Of note, one MCN with low-grade dysplasia 
did harbour a PTEN deletion and, in the absence of a KRAS 
mutation, may represent a marker for MCNs. Despite the lack 
of sensitivity for MCNs, the sensitivity and specificity of DNA 
testing for a mucinous PC were higher than surrogate markers 
of mucinous differentiation, such as increased fluid viscosity and 
elevated CEA.

The diagnosis of a mucinous PC is further enhanced by molec-
ular markers to exclude common mimics. Oligocystic and uniloc-
ular variants of SCA are often clinically and radiographically 
indistinguishable from branch duct IPMNs and MCNs. Genetic 
alterations in VHL have been described to be highly specific 
for SCAs, but could potentially be present in cystic PanNETs.33 
Within our study, the specificity of VHL mutations and/or dele-
tions by Sanger sequencing for SCAs was 100%. However, we 
failed to preoperatively identify a VHL alteration in one SCA. 
Repeat testing of the corresponding surgical pathology specimen 
revealed a frameshift mutation in VHL. The inability to detect a 
VHL alteration within the preoperative PCF may be attributed 
to the inherent limitations of Sanger sequencing. Prior to this 
study, we prospectively evaluated KRAS and GNAS mutations 
by Sanger sequencing. In contrast to NGS, Sanger sequencing 
detected KRAS and GNAS mutations in 39% of PCs and had 
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Global Protease Activity Profiling Provides
Differential Diagnosis of Pancreatic Cysts
Sam L. Ivry1,2, Jeremy M. Sharib3, Dana A. Dominguez3, Nilotpal Roy4,
Stacy E. Hatcher3, Michele T. Yip-Schneider5, C. Max Schmidt5, Randall E. Brand6,
Walter G. Park7, Matthias Hebrok4, Grace E. Kim8, Anthony J. O'Donoghue9,
Kimberly S. Kirkwood3, and Charles S. Craik1

Abstract

Purpose:Pancreatic cysts are estimated to be present in 2%–3%
of the adult population.Unfortunately, current diagnostics donot
accurately distinguish benign cysts from those that can progress
into invasive cancer. Misregulated pericellular proteolysis is a
hallmark ofmalignancy, and therefore, we used a global approach
to discover protease activities that differentiate benign nonmu-
cinous cysts from premalignant mucinous cysts.

Experimental Design: We employed an unbiased and global
protease profiling approach to discover protease activities in 23
cyst fluid samples. The distinguishing activities of select proteases
was confirmed in 110 samples using specific fluorogenic sub-
strates and required less than 5 mL of cyst fluid.

Results: We determined that the activities of the aspartyl
proteases gastricsin and cathepsin E are highly increased in fluid
frommucinous cysts. IHC analysis revealed that gastricsin expres-

sion was associated with regions of low-grade dysplasia, whereas
cathepsin E expression was independent of dysplasia grade.
Gastricsin activity differentiated mucinous from nonmucinous
cysts with a specificity of 100% and a sensitivity of 93%, whereas
cathepsin E activitywas92%specific and70%sensitive.Gastricsin
significantly outperformed the most widely used molecular bio-
marker, carcinoembryonic antigen (CEA), which demonstrated
94% specificity and 65% sensitivity. Combined analysis of gas-
tricsin and CEA resulted in a near perfect classifier with 100%
specificity and 98% sensitivity.

Conclusions: Quantitation of gastricsin and cathepsin E
activities accurately distinguished mucinous from nonmuci-
nous pancreatic cysts and has the potential to replace current
diagnostics for analysis of these highly prevalent lesions.
Clin Cancer Res; 23(16); 4865 –74. !2017 AACR.

Introduction
The detection of pancreatic cysts has increased dramatically due

to the rising use of high-resolution abdominal imaging. Pancre-
atic cysts are incidentally detected in 13%–45% of patients
evaluated by MRI and 2% of patients evaluated by CT (1–3). The
most frequently detected pancreatic cysts include intraductal
papillary mucinous neoplasms (IPMN), mucinous cystic neo-

plasms (MCN), pseudocysts, and serous cystadenomas (SCA;
ref. 4). Both IPMNs and MCNs, which are collectively referred
to as mucinous cysts, may develop foci of high-grade dysplasia or
cancer (5). At the time of resection, approximately 30% of IPMNs
and approximately 15% of MCNs contain invasive cancer (6, 7).
Pseudocysts and SCAs, which are both nonmucinous, rarely
undergo malignant degeneration and are considered benign
lesions that typically do not require resection or continued
surveillance. Clinical decision making for pancreatic cysts relies
largely on radiographic and clinical features, augmented by anal-
ysis of cyst fluid collected by endoscopic ultrasound with fine-
needle need aspiration (EUS-FNA; ref. 8). Unfortunately, with
current clinical guidelines, distinguishing nonmucinous from
mucinous cysts remains a challenge. The preoperative diagnosis
of mucinous cysts is incorrect in up to 30% of cases and benign
cysts are often resected, exposing patients to an unnecessary risk
for morbidity (9–12).

As abdominal imaging remains unable to accurately differ-
entiate pancreatic cyst types, there has been considerable effort
towards developing improved diagnostic biomarkers. Most of
these biomarkers utilize cyst fluid collected by EUS-FNA. CEA is
the most widely investigated biomarker and is 60%–80%
accurate for differentiating mucinous from nonmucinous cysts
(13, 14). KRASmutations occur in more than 90% of pancreatic
cancers and are frequently observed in mucinous cysts (15, 16).
Analysis of cyst fluid DNA revealed that KRAS mutations are
100% specific, but only 50% sensitive for diagnosing a mucin-
ous cyst (17). Similarly, analysis of mutations in the oncogene
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GNAS are specific for diagnosing IPMNs, but suffer from low
sensitivity (18). A variety of other cyst fluid biomarkers have
also been explored (19–23); however, CEA remains the only
widely applied molecular biomarker for differentiating mucin-
ous from nonmucinous cysts.

Proteases mediate a variety of critical processes in cancer,
including invasion of the basement membrane via cleavage of
extracellular matrix proteins and promotion of oncogenic sig-
naling pathways through activation of growth factors and
receptor tyrosine kinases (24, 25). In pancreatic cancer, mem-
bers of the cathepsin family of endolysosomal proteases are
upregulated and found extracellularly. Aberrant secretion leads
to cleavage of extracellular substrates, driving increased cellular
invasion (26). Either genetic deletion or pharmacologic inhi-
bition of cysteine cathepsin activity decreases tumor progression
and invasion (27, 28).

Gene expression profiling studies of IPMNs andMCNs indicate
overexpression of a range of proteases (29–31). Furthermore,
analysis of protein expression in cyst fluid showed substantial
differences in the abundance of pancreatic proteases and their
cognate inhibitors between cyst types. The serine protease inhib-
itor SPINK1 was recently investigated as a biomarker for differ-
entiating benign frommalignant cysts (32, 33). Collectively, these
results suggest that there may be altered levels of proteolytic
activity betweenmucinous and nonmucinous cysts and that these
differences could be exploited todistinguish the type of lesion and
its associated malignant potential.

In the current study, we applied a global protease profiling
technology to discover proteolytic activity markers for differen-
tiating mucinous from nonmucinous cysts. Using this approach,
we identified enhanced aspartyl protease activity in mucinous
cysts, due to upregulation of gastricsin and cathepsin E. We
characterized the localization of both aspartyl proteases within
the dysplastic tissue surrounding the mucinous cysts and deter-
mined that gastricsin expression was dependent on the degree of
dysplasia. Finally, highly selective fluorescent substrates for gas-
tricsin and cathepsin E both confirmed their upregulated activities

and outperformed CEA for differentiating mucinous from non-
mucinous pancreatic cystic lesions.

Materials and Methods
Patients and sample acquisition

Pancreatic cyst fluid samples were collected from preconsented
patients under Institutional review board–approved protocols
and in accordance with U.S. Common Rule at the University of
California San Francisco (San Francisco, CA), the University of
Pittsburgh Medical Center (Pittsburgh, PA), Indiana University
School of Medicine (Indianapolis, Indiana), and Stanford Uni-
versity School of Medicine (Stanford, CA). Patient information is
summarized in Supplementary Table S1. All patients included in
our study underwent surgical resection of their cystic lesion and
have a pathologically confirmed diagnosis. The highest grade of
dysplasia observed during pathologic evaluation of each cystic
lesion is reported. Samples were collected either at the time of
surgical resection or during diagnostic endoscopic ultrasound
prior to resection of the cystic lesion. Cyst fluid samples were
split into 100-mL aliquots and frozen to!80"Cwithin 60minutes
of collection. Samples underwent at most two freeze–thaw cycles
prior to experimental analysis. Total cyst fluid protein concentra-
tion was determined by the bicinchoninic acid assay. CEA levels
were evaluated for the majority of samples, but were unavailable
in 21 cases due to limited cyst fluid volume.

Multiplex substrate profiling by mass spectrometry assay
The multiplex substrate profiling by mass spectrometry

(MSP-MS) assay was performed as described previously (34).
Cyst fluid was diluted to 100 mg/mL in assay buffer (either
pH 7.5 phosphate buffer or pH 3.5 acetate buffer) and pre-
incubated for 10 minutes. For analysis of protease inhibitor
sensitivity, 1 mmol/L AEBSF (Sigma, A8456), 2 mmol/L E-64
(Sigma, E3132), 2 mmol/L pepstatin (Sigma, P5318), 2 mmol/L
1,10-phenanthroline (Sigma, 131337), or DMSO were includ-
ed in preincubation. The 228 tetradecapeptide library was split
into two pools and diluted in assay buffer to a concentration of
1 mmol/L of each peptide. Seventy-five microliters of diluted
cyst fluid and peptide pools were then combined and incubated
at room temperature. Thirty-microliter aliquots were removed
after 15 and 60 minutes, protease activity quenched with 8
mol/L guanidinium hydrochloride, and flash-frozen in liquid
N2. For recombinant gastricsin (R&D Systems, 6186-AS),
cathepsin D (R&D Systems, 1014-AS), and cathepsin E (R&D
Systems, 1294-AS), the MSP-MS assay was performed as
described above with slight modifications: 10 nmol/L of recom-
binant protease in pH 3.5 acetate buffer was used and aliquots
were removed after 15, 60, and 240 minutes.

Prior to peptide cleavage site identification by mass spectrom-
etry, samples were desalted using C18 tips (Rainin). Mass spec-
trometry analysis was carried out with an LTQ Orbitrap XL mass
spectrometer coupled to a 10,000 psi nanoACQUITY Ultra Per-
formance Liquid Chromatography (UPLC) System (Waters) for
peptide separation by reverse-phase liquid chromatography
(RPLC). Peptides were separated over a C18 column (Thermo
Scientific) and eluted by applying a flow rate of 300 nL/minute
with a 65-minute linear gradient from 2%–30% acetonitrile.
Survey scans were recorded over a 325–1,500 m/z range and the
six most intense precursor ions were fragmented by collision-
induced dissociation (CID) for MS/MS.

Translational Relevance
With advances in abdominal imaging technologies, the

incidental detection of pancreatic cysts continues to rise.
However, there remains a lack of accurate molecular diagnos-
tics for differentiating benign cystic lesions from those that can
progress into pancreatic cancer. This has led to a dramatic
increase in the number of potentially unnecessary pancreatic
resections, which are associated with high rates of morbidity.
Using a global and unbiased protease-activity profiling
approach and patient cyst fluid, we determined that the
activities of the aspartyl proteases gastricsin and cathepsin E
accurately differentiate premalignant mucinous cysts from
benign nonmucinous cysts. In particular, analysis of gastricsin
activity demonstrated 93% sensitivity and 100% specificity for
differentiating mucinous lesions. Our simple and direct fluo-
rescence-based approach for stratification of pancreatic cysts
significantly outperformed the most widely used molecular
biomarker, carcinoembryonic antigen (CEA), and can be
readily translated into an actionable diagnostic assay to help
improve clinical management of these challenging lesions.
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previously reported. All 19 of the mucinous cyst fluid samples
with CEA levels below the standard cutoff of 192 ng/mL were
correctly classified by gastricsin activity. In addition, the two
nonmucinous cysts with CEA levels above 192 ng/mL were also
correctly classified by gastricsin activity.

We also assessed whether combined analysis of CEA with
gastricsin and cathepsin E activity could better differentiate
mucinous from nonmucinous cysts. Gastricsin activity with CEA
evaluation resulted in a classifier with an AUC of 0.998 (Fig. 5C),
exhibiting a specificity of 100% and sensitivity of 98%. Inclusion
of all three markers did not lead to improved differentiation of
mucinous from nonmucinous cysts (Supplementary Table S5).

Discussion
Although pancreatic cysts are being detected at an increasing

rate, available diagnostic tests do not accurately discriminate
between cyst types. Mucinous cysts have malignant potential and
may require resection, while nonmucinous cysts are considered
benign and require no further evaluation if these lesions are
asymptomatic. Increasing the level of certainty in this distinction
would spare some patients unnecessary surgical resections and
reduce the need for ongoing surveillance for many more indivi-
duals. In this study, we used an unbiased and global substrate-
based profiling strategy coupled with proteomics, to identify
distinguishing protease activities in cyst fluid samples. Using this
approach, gastricsin and cathepsin E activities were found to be
promising markers for differentiating benign nonmucinous cysts
from potentially malignant mucinous cysts. Selective fluorescent
substrates both confirmed induction of these proteases in mucin-
ous cysts and enabled sensitive and specific differentiation of
these lesions in 110 patient samples.

To date, CEA remains the most widely used clinical bio-
marker for differentiating mucinous from nonmucinous cysts.
However, the performance of this marker is generally consid-
ered suboptimal. Indeed, CEA analysis was only 76% accurate
in our study at the standard cutoff of 192 ng/mL. Gastricsin
activity was 95% accurate, and correctly classified all 21 cysts
that were misclassified by CEA, clearly demonstrating the
clinical utility of this marker. Furthermore, we were able to
improve classification accuracy to 99% by combining CEA with
gastricsin activity analysis.

Preoperatively determining the degree of dysplasia within a
mucinous cyst is another major challenge for ensuring appropri-
ate clinical intervention. However, the protease activity markers
identified in this study do not differentiate between mucinous
cysts with low- or high-grade dysplasia. Although this is a limi-
tation of our markers, correctly differentiating mucinous from
nonmucinous cysts is a critical first step in deciding which cysts
shouldundergo resection. For example, pancreatic resectionof the
39 benign nonmucinous cysts included in this study could
potentially have been avoided through the application of our
assay. In addition, 19 mucinous cysts within our patient cohort
had CEA levels below the standard cutoff of 192 ng/mL. In our
high-volume pancreatic centers, radiographic and clinical features
allowed experienced clinicians to correctly identify these cysts as
mucinous. However, medical centers without dedicated cyst
specialists may be inclined to misclassify these samples as non-
mucinous andwould greatly benefit fromour simple and accurate
diagnostic assay. A number of molecular and clinical markers
have recently shown promise for distinguishing mucinous cysts
based on their degree of dysplasia (19, 23). A sequential diag-
nostic strategy may emerge in which gastricsin and cathepsin E
activity are used to determine whether a lesion is mucinous,
followed by analysis of a secondary marker to define the degree
of dysplasia. Assessing gastricsin and cathepsin E activity in
combination with other promising markers will be a primary
focus of future work.

Previous gene expression profiling studies of IPMNs andMCNs
demonstrated overexpression of gastricsin and cathepsin EmRNA
(29–31). However, the protein levels and activity of these aspartyl
proteases has not been previously investigated within these
lesions. Protease activity is particularly well suited to the devel-
opment of a rapid and simple diagnostic test for differentiating
cysts. Activity-based detection is highly sensitive because of cat-
alytic signal amplification. Indeed, the assays described in this
study use less than 5 mL of cyst fluid, whereas CEA tests often
require at least 500 mL. Furthermore, unlike immunoassays,
protease activity assays do not require the costly development
of high-quality antibody reagents. Spectrophotometric assays can
be readily adapted to the standard plate readers present in clinical
laboratories, and there are already several examples of such
protease activity assays in common clinical use for other indica-
tions (47, 48).

Figure 5.
Quantification of gastricsin and cathepsin E activity in 110 cyst fluid samples. Analysis of gastricsin (A) and cathepsin E (B) activity in nonmucinous (NM) and
mucinous (M) cysts using fluorescent substrates. C, ROC curves comparing sensitivity and specificity of CEA, gastricsin, cathepsin E, and CEA and gastricsin in
combination.
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Clinical challenges

u IPMNs associated with pancreatic malignancy
u Source of anxiety for patients as IPMNs are common
u Most can be monitored…alternative is surgery with high 

morbidity(20-40%) and definite mortality (1-2%)
u Keeping up with the guidelines!

Goals
u Identification of high risk lesions 
u Optimal (evidence based) surveillance strategy
u Reassurance for most!
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Risk Stratification
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Step-wise Approach…
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Comparison of Guidelines

Table 1  Variables considered in the initial evaluation of pancreatic cystic neoplasms

European ACG AGA IAP ACR

Symptoms Jaundice AI HR HR HR HR

Pancreatitis RI HR WF

Imaging based cyst
characteristics

Main pancreatic
duct dilation

> 10 mm AI 5-10
mm RI

> 5 mm HR HR > 10 mm HR 5-10
mm WF

> 10 mm HR 7-10
mm WF

Associated mass HR HR HR HR

Mural nodule > 5 mm AI < 5 mm
RI

HR HR > 5 mm HR < 5 mm
WF

WF

Cyst size ≥ 4 cm RI ≥ 3 cm HR > 3 cm WF > 3 cm WF

Parenchymal
atrophy

WF

Lymphadenopathy WF

Serum based CA19-9 RI HR WF

New onset diabetes RI

AI: Absolute indication; RI: Relative indication; HR: High risk; WF: Worrisome features.

(3) Suspected SCN: Asymptomatic patients should be followed for one year. After 1
year,  symptom-based  follow-up  is  recommended.  Surgery  is  recommended  in
patients with symptoms related to compression of adjacent organs such as the bile
duct or stomach.

(4) Undefined cysts: Patients with cysts of unclear etiology with no associated risk
factors for malignancy, measuring < 15 mm are recommended to receive follow-up
after one year. Patients with cysts ≥ 15 mm diameter are recommended to receive
follow-up after six months. Follow up is recommended with MRI.

Approach to surveillance:  (1) IPMN: Patients with a suspected IPMN that do not
meet  indication for  surgery (indications mentioned above)  are  recommended to
receive 6-month follow-up in the first year, and then yearly follow-up if no indications
for surgery arise. The guidelines recommend continued surveillance so long as the
patient remains surgically fit.  Follow up surveillance is  recommended with MRI
and/or EUS (Table 2); (2) MCN: Patients with an MCN < 40 mm, in the absence of risk
factors or symptoms, should undergo surveillance (MRI and/or EUS) every 6 mo for
the first  year,  and then annually if  no changes are observed;  (3)  Suspected SCN:
Asymptomatic patients should be followed for one year. After 1 year, symptom-based
follow-up  is  recommended;  and  (4)  Undefined  cysts:  Cysts  of  unclear  etiology
measuring < 15 mm with no risk factors for malignancy should be re-examined after
one  year  (MRI  and/or  EUS).  If  the  cyst  is  stable  for  3  years,  follow-up  may  be
extended to every two years.  Cysts ≥ 15 mm, however,  should receive follow-up
annually after the first year.

ACG guidelines for pancreatic cyst surveillance[16]

Target population: Patients who are found to have a pancreatic cyst but do not have a
strong family history of pancreatic cancer or genetic mutations that predispose to
pancreatic cancer.

Method  of  formulation:  The  guidelines  were  formed  by  an  expert  panel  of
gastroenterologists.

Approach to initial risk stratification: These guidelines are unique with respect to
diagnosis of serous cystadenomas or pseudocysts and recommending cessation of
surveillance. Although not included in the algorithms, the guidelines also consider
solid  pseudopapillary  tumors  and  recommend  surgery  for  these  patients.  An
additional  distinction of  these guidelines is  the central  role symptoms (jaundice,
pancreatitis) play. The guidelines do not focus on distinguishing high-risk stigmata
beyond recommending a multidisciplinary evaluation of patients presenting with
pancreatitis, jaundice or a mass. Those who do not have these features are stratified
further by EUS if they have MPD dilation > 5 mm, parenchymal atrophy or a cyst size
≥ 3 cm. Smaller cysts without these features are surveyed by imaging. Again, the
guidelines carefully specify that if EUS diagnosis of serous cystadenoma is achieved
no further surveillance is indicated. Although CA19-9 levels are not incorporated into
the algorithm, they are noted as a “high-risk” characteristic and therefore in patients
in whom an IPMN or MCN is suspected and no other explanation of elevation of
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Surveillance
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Surveillance

Table 2  Approach to surveillance of pancreatic cysts without high risk or worrisome features at diagnosis

Size IAP (Fukuoka)
2012

IAP (Fukuoka)
2017 ACG 2018 ACR 2018 European 2018 AGA 2015

< 1 cm CT/MRI in 2-3 yr CT/MRI in 6 mo
then every 2 yr

MRI q 2 yr (lengthen
after4)

MRI/CT q1 year for
cysts < 1.5 cm and
q6 mo for cysts 1.5-
2.5 cm × 4 and then
lengthen interval;
stop after stability
over 10 yr1

Surveillance q 6 mo
× 2 with MRI and/or
EUS, CA19-9; if
stable lifelong
surveillance is
recommended with
annual MRI/EUS,
CA19-9

MRI in 1 yr, then
every 2 for 5 yr Stop
if stable1-2 cm CT/MRI annually ×

2 yr, then lengthen
interval if stable

CT/MRI in 6 m × 1
yr A Annually × 2
yr, then lengthen
interval if stable

MRI q 1 yrs FOR 3
yr Then q 2 yr FOR 4
yr

2-3 cm EUS in 3-6 mo, then
lengthen interval,
alternate MRI with
EUS as appropriate

EUS in 3-6 mo, then
lengthen interval,
alternate MRI with
EUS as appropriate

EUS/MRI q 6mo for
3 yr then yearly for 4
yr

For cysts > 2.5 cm q6
mo MRI/CT and
then stop if stable
for over 10 yr; for
patients > 80 yr of
age, q2 year
imaging1

> 3 cm Alternate MRI/EUS
every 3-6 mo

Alternate MRI/EUS
every 3-6 mo

EUS/MRI q 6mo for
3 yr then yearly for 4
yr

1These guidelines use < 1.5 cm, 1.5-2.5 and > 2.5 as cut off values. CT: Computed tomography; MRI: magnetic resonance imaging; EUS: Endoscopic
ultrasonography; ACG: American College of Gastroenterology; AGA: American Gastroenterological Association.

CA19-9 is found, a multidisciplinary evaluation is recommended. Finally, new onset
DM is not included in the guidelines but is noted as a potential marker of a higher risk
lesion.

Approach to surveillance: Patient with cysts measuring < 1 cm should undergo a
shorter interval MRI in 2 years, whereas those with cysts 1-2 cm in one year and for
cysts 2-3 cm in 6-12 mo. If the cyst remains stable, then a repeat MRI in one year is
advised, after which providers are recommended to follow the surveillance guidelines
based  on  cyst  size  (Table  1).  Patients  with  cysts  1-2  cm  with  stable  size  and
appearance after 3 years are recommended to undergo MRI every 2 years for the
subsequent 4 years,  and if  the cyst  remains stable,  surveillance intervals may be
lengthened further. Patient with cysts 1-2 cm with increase in cyst size (> 3 mm)
should undergo shorter interval MRI or EUS/FNA within 6 mo. If the cyst is stable,
then a repeat MRI in one year is recommended, followed by surveillance according to
guidelines based on cyst size. Patients with cysts 2-3 cm and stable in size after 3 years
should undergo MRI annually for 4 years, and if the cyst remains stable, surveillance
intervals can be lengthened. Patients with cysts 2-3 cm with increase in cyst size (> 3
mm) should be referred to a multidisciplinary group with consideration of EUS/FNA.

AGA guidelines[17]

Target population: Patients with an asymptomatic pancreatic cystic neoplastic lesion.
These  guidelines  specifically  do  not  consider  solid  papillary  neoplasms,  cystic
degeneration of  adenocarcinoma,  neuroendocrine tumors,  and main duct  IPMN
without branch duct involvement.

Method of formulation: The guidelines were formed by the AGA Clinical Practice
Guideline Committee, an expert panel of gastroenterologists. The authors developed a
series of questions that would be addressed by the guidelines. The authors identified
outcomes important for answering each question. The group then systematically
reviewed and summarized the evidence for each outcome. The quality of evidence
was  divided  into  four  categories  rating  from  high  to  very  low.  The  GRADE
methodology was used with each question framed in the PICO format. Seven PICO
questions were formed addressing initial imaging evaluation of cysts, surveillance of
cysts, surgery for pancreatic cysts, surveillance after surgery, and when to discontinue
surveillance.

Approach to initial risk stratification: No single clinical or radiologic feature was
sufficient  for  the guidelines  to  recommend either  EUS/FNA or  consideration of
resection.  Patients  identified as  having two or  more  of  the  highest  risk  features
(dilated MPD, ≥ 3  cm cyst  size,  or  solid cystic  component)  are  recommended to
undergo EUS/FNA. Although the guidelines do not directly make recommendations
for surgery it is stated that either the presence of a dilated PD and a mass or a positive
cytology  should  be  sufficient  to  recommend  surgery.  These  guidelines  do  not
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Summary

u Pancreatic cystic lesions are common and 

u Malignant potential varies but overall low

u EUS with cyst fluid analysis may be used to determine etiology, 
CEA, cytology…molecular testing

u Multiple guidelines: reassurance, multidisciplinary approach, 
evaluate for high-risk features, surveillance


