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Abstract Management of pancreatic cystic lesions relies

on patients’ clinical presentation, imaging, and endoscopic

ultrasound. Current research in basic science, radiology,

and endoscopy is evolving and making progress in this

condition which is relatively common in the general pop-

ulation. This review focuses on the recent endoscopic

ultrasound approaches to the diagnosis of these pancreatic

disorders.
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Overview

The endoscopic management of pancreatic cyst encom-

passes more aspects than only the endoscopic procedure

itself. When excluding pancreatic pseudocysts which arise

usually in the realm of pancreatitis, the majority of the

remaining pancreatic cysts fall within the category of

pancreatic cystic neoplasms, or are at least managed as

presumed pancreatic cystic neoplasms [1]. This requires

expertise when assessing pancreatic cysts endosonograph-

ically, particularly when defining their relation to the

pancreatic ductal system and when assessing findings

concerning advanced dysplasia both endosonographically

and on fine needle aspiration or biopsy specimens. Further,

the endosonographer assumes frequently the role of a

triaging physician making most important decisions with

substantial impact on the patient’s outcome. This includes

triaging patients who undergo surgery, surveillance imag-

ing, or discontinue surveillance. A particularly important

aspect of endoscopic management is addressing patient’s

wishes and their anxiety of developing pancreatic cancer,

particularly as most patients will undergo surveillance

imaging and not surgery. Over the last decade, this is

becoming a more recognized problem given the rising

prevalence of pancreatic cysts in light of aging population

and improved imaging modalities [2, 3].

Endoscopic Assessment of a Pancreatic Cyst

Endoscopic ultrasound (EUS) allows high-resolution

imaging of the entire pancreatic gland. The focus is laid on

the detection and description of cyst morphology (Fig. 1),

which allows to draw conclusions on the cyst type and its

malignant potential. Generally, cyst size, morphology of

the cyst wall, communication between cyst and main

pancreatic duct, associated solid components or masses,

and findings within the cyst like mural nodules are the main

features assessed by EUS. All of them are associated with

malignant transformation of pancreatic neoplastic cysts,

although the exact rate of such a transformation remains

unclear for the general gastroenterology patient population

and most knowledge on this topic is extrapolated from

surgical series [4–6].

As most pancreatic cysts will not undergo resection,

data on the accuracy of EUS assessing the pancreatic cyst

type are mainly based on surgical resected cysts, allowing a
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gold-standard histopathological evaluation. In such

cohorts, Ahmad et al. [7, 8] demonstrated that EUS alone

has limited ability differentiating benign from malignant

and mucinous from non-mucinous lesions, with an accu-

racy of approximately 50–75%. The strength of EUS lays

in the high sensitivity to detect pancreatic cysts. EUS and

magnetic resonance imaging (MRI) are more sensitive,

particularly for small cysts compared to a computer

tomography (CT) imaging, although the majority of these

small cysts, particularly cysts under 1 cm, have limited or

no clinical significance and usually lead to surveillance

with cross-sectional imaging [1, 2, 5, 9].

Another important aspect of EUS is its ability to visu-

alize communications between the pancreatic duct and the

cyst, which if present is suggestive for branch duct (BD-

IPMN) or mixed-type (MT-IPMN) IPMN. BD-IPMN is

thought to be the most common pancreatic cystic neo-

plasm. However, the connection to the pancreatic duct

cannot always be discerned.

Cystic mural nodules, particularly if present in IPMN

and mucinous cystic neoplasms (MCN), are associated

with increased risk of high-grade dysplasia and invasive

cancer (Fig. 2). Surgical series showed a risk of malig-

nancy in the presence of mural nodule in 25–60% of cases

[10]. In the absence of mural nodules at the index imaging,

up to 17% of patients develop mural nodules during cyst

surveillance, although that number appears for the authors

of this article to be too high for the usual gastroenterology

population which undergoes imaging surveillance for pre-

sumed mainly low-risk pancreatic cystic neoplasms

[11–13]. An important limitation of EUS is that mural

nodules can be misinterpreted as mucin globules, which

had been shown to account for 65% of intracystic lesions

on EUS [14]. This reflects the most significant limitation of

EUS, which is its low interobserver agreement, particularly

for establishing differential diagnoses of pancreatic cysts

and when assessing cyst characteristics like mural nodules

[7, 8, 14]. Educating endosonographers about such pitfalls

is important, as it has shown to increase the diagnostic

accuracy of EUS [14, 15].

A recent meta-analysis summarized endosonographic

features predicting the presence of malignancy in pancre-

atic cystic neoplasms. Cyst size larger than 3 cm had the

highest risk predicting the presence of malignancy (odds

ratio 62.4), followed by the presence of mural nodule (odds

ratio 9.3) and a dilated main pancreatic duct (odds ratio

7.3) [16].

EUS-Guided Fine Needle Aspiration and Biopsy

The main advantage of EUS, which is usually considered in

pancreatic cyst larger than 15 mm [17], specifically in the

presence of concerning features, is its ability to sample the

cyst fluid containing epithelial cells shed within the cyst

fluid and more recently also the cyst wall itself by targeted

needle puncture or miniature forceps [18–20]. This permits

evaluation of cytology, chemistry, e.g., amylase and tumor

markers levels, and most recently molecular markers, e.g.,

DNA, which tests for genetic mutations associated with

high-grade dysplasia and pancreatic cancer. Khashab et al.

[21] demonstrated that EUS-guided fine needle aspiration

(EUS-FNA) increases the correct cyst diagnosis compared

with CT and MRI by 36 and 54%, respectively. The two

principal questions in EUS-FNA are to distinguish serous

from mucinous cystic lesions and to identify mucinous

lesions with highest likelihood of developing invasive

cancer, which intuitively are cystic lesions with high-grade

dysplasia. Along these lines, the pace and rate of devel-

oping invasive pancreatic cancer from high-grade dysplasia

are currently not known.

Historically, the viscosity of cyst fluid was tested to

distinguish between serous and mucinous cysts and

Fig. 1 Benign branch duct IPMN of pancreatic tail

Fig. 2 Mural nodule in a branch duct IPMN. High-grade dysplasia

confirmed at surgery
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amylase levels to distinguish cysts with connection to the

pancreatic duct from cysts without connection to the pan-

creatic duct [22]. These objective markers are, however,

poor predictors distinguishing serous from mucinous cysts

and not useful when assessing malignancy [22].

Cytology on EUS-FNA was reported to have specificity

as high as 100% when distinguishing premalignant from

malignant pancreatic mucinous cysts, but the sensitivity is

low [23, 24]. This is a consequence of a generally low

cellularity in the fluid of pancreatic cystic neoplasms.

Lowering the cytological threshold for malignant cells to

high-grade atypical cells increases the sensitivity to 72%,

but at the price of a lower specificity (85%) [25]. Whether

the generally limited yield of cytology can be increased by

targeted cell wall puncture or by the most recent intro-

duction of EUS-guided miniature forceps biopsy remains to

be defined. Recent pilot studies showed a diagnostic yield

of cytology from FNA cyst wall puncture of 81% and using

EUS-guided miniature forceps of 91% [18, 19]. In terms of

distinguishing mucinous from non-mucinous cysts based

on cytology, Thosani et al. [26] reported in a meta-analysis

a pooled sensitivity and specificity of only 63 and 88%,

respectively.

The addition of tumor markers to the cyst fluid analysis

showed further improvement in test characteristics. Brugge

et al. [15] established carcinoembryonic antigen (CEA) as a

marker discriminating mucinous and non-mucinous

lesions. The optimal cutoff in their report was set at

192 ng/mL, yielding a sensitivity and specificity of 73 and

84%, respectively. The combination of CEA with cyto-

logical examination and EUS findings increased the sen-

sitivity to 91%, but it lowered the specificity to 31%. Other

tumor markers like CA 19-9, CA 125, CA 15-3, and CA

72-4 had worse test characteristics [15]. More recent

studies showed even higher sensitivities of CEA to dif-

ferentiate mucinous from serous cystic lesions [27, 28].

IPMNs, however, which are the most common pancreatic

mucinous lesions, cannot be reliably distinguished from

other cystic neoplasms as shown recently by Moris et al.

[29], who reported a sensitivity of only 21.4% and speci-

ficity of 83.3% when utilizing amylase, CEA, and

cytology.

Although commonly recognized, CEA cannot distin-

guish malignant from non-malignant cysts, as shown in two

meta-analyses. Ngamruengphong and colleagues [30] cal-

culated a pool sensitivity and specificity of only 63 and

63%, respectively. Van der Waaij et al. [31] reported a

sensitivity of 48% and specificity of 98% when utilizing as

CEA level with a cutoff greater than 800 ng/mL for

mucinous lesions.

Given the limited test characteristics of cytology with

CEA and amylase levels, new molecular biologic markers

were introduced in the last decade. Particularly altered

DNA was evaluated as surrogate marker for advanced

dysplasia and invasive carcinoma, which are known to be

associated with genetic alterations. The PANDA study [32]

(pancreatic cyst DNA analysis) was one of the first studies

addressing K-ras mutations in pancreatic cystic lesions.

Identification of K-ras mutation yielded a sensitivity of only

45% but a specificity of 96%, respectively, distinguishing

mucinous from non-mucinous cysts. More importantly, the

majority of included patients had pancreatic carcinoma or

IPMN, which was the main criticism of the study. As such, a

patient cohort does not reflect the usual gastroenterology

patient population which undergoes pancreatic cystic neo-

plasm evaluation, even when EUS high-risk features are

present. Rockacy et al. [33] assessed EUS-FNA findings in

113 patients with pancreatic cysts of whom 51 patients

eventually underwent surgical resection. The presence of

solid component on EUS achieved highest odds ratio of

17.7 to be associated with a non-benign course, whereas

K-ras mutations had an odds ratio of only 2.3 and in com-

bination with loss of heterozygosity of 9.9. Along these

lines, Al-Haddad et al. [34] assessed a comprehensive DNA

analysis including K-ras mutations, loss of heterozygosity,

with cytology, and CEA on 48 patients with suspected

mucinous cystic lesions who underwent surgical resec-

tion. Considering cytology, CEA, and comprehensive DNA

analysis, sensitivity, specificity, and accuracy of 67, 60, and

73%, respectively, were achieved. In a patient cohort who

underwent mainly surveillance imaging, comprehensive

DNA analysis yielded a sensitivity of 83.3% and specificity

of 90.6% [35]. GNAS is another recently described genetic

mutation which is present in 66% of IPMNs, particularly in

IPMN with intestinal histology followed by pancreatobil-

iary and gastric histology [36, 37]. Presence of either GNAS

or K-ras mutation was reported as high as 96% in IPMNs

[36]. Given the cumulative character of genetic mutations in

advancing dysplasia, a combination of genetic mutations

was proposed to be of higher accuracy than only one genetic

mutation. When applying next-generation genetic

sequencing, the combination of K-ras, GNAS, and RNF43

mutations was proposed to define IPMN and distinguish

MCN which have been positive only for K-ras and RNF43

mutations and serous cystic neoplasms which have muta-

tions in the VHL tumor suppressor gene [38].

When assessing for risk factors for malignancy in

IPMNs, 4 different histology subtypes were described

which have different malignant potential, with the gastric

IPMN subtype having a much lower likelihood harboring

advanced dysplasia and cancer than the pancreatobiliary

IPMN subtype [39–41]. Evaluating the expression of

mucin (MUC1, MUC2, and MUC5AC) was shown to

differentiate among histologic subtypes [38]. However, this

discrimination has not been implemented in the EUS-FNA

workup of pancreatic cystic neoplasms.
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Despite the latest technological advancement, the test

performance to define and differentiate pancreatic cystic

neoplasms and their risk and degree of harboring advanced

dysplasia remains suboptimal. Jones et al. [42] reported the

impact on decision making for the workup of pancreatic

cysts with next-generation sequencing utilizing 39 cancer

genes including K-ras, GNAS, VHL, SMAD4, AKT1, and

BRAF. The authors analyzed 92 cysts and reported that the

majority of cysts diagnosed based on cytology and CEA

level were confirmed by next-generation sequencing,

whereas only 12% of cyst diagnoses were changed based

on next-generation sequencing. Comparable findings were

reported by Shen et al. [43], who found significant agree-

ment between standard EUS-FNA including cytology with

CEA level and molecular diagnosis provided by PathFin-

derTG. Therefore, the impact on clinic management from

molecular markers results has probably only limited value

for the workup of most pancreatic cystic neoplasms, par-

ticularly as the natural history of mucinous cysts including

IPMNs is under current investigation [11–13, 44–46]. The

strength of molecular analysis lays in the differentiation

between cysts with malignant potential from cysts with

barely any malignant potential, which are serous cystic

neoplasm (SCN) [42]. Following successful pilot studies,

additional diagnostic markers including microRNA, pro-

teomics, and metabolomics are under current investigation

and might find their way into clinical practice [47–50].

As a consequence, the majority of pancreatic cysts

which are evaluated by gastroenterologists and considered

for EUS evaluation are managed as BD-IPMN, unless

EUS, MRI, or CT imaging is convincing for the diagnosis

of MD-IMPN or MT-IMPN, MCN, or SCN (Fig. 3). Sev-

eral societies proposed guidelines addressing the manage-

ment of suspected IPMN and more recently for all

asymptomatic pancreatic cysts [1, 5]. These guidelines will

be addressed in the later chapter. Nonetheless, it is

important to state that endosonographic and cyst fluid

analysis are yet not sufficiently accurate to predict the

histology and the biology for all pancreatic cysts, which

have substantial impact on cyst prognosis. Consequently,

diagnostic uncertainties will remain, which are reflected by

the fact that patients develop invasive pancreatic cancer

despite close surveillance according to guidelines. On the

other hand, patients still undergo surgical resection for

cysts which are at minimal risk of malignant transforma-

tion [45, 51]. In addition, most guidelines are based on

surgical literature with very selective patient cohorts and

therefore limiting their generalization. This is particularly

acknowledged by the latest American Gastroenterology

Association (AGA) guidelines, stating that most of their

recommendations are conditional recommendations based

on very low-quality evidence [1]. Therefore, one can argue

that the guidelines are not more than management sug-

gestions and that the entire responsibility detecting,

assessing the risk, and triaging patients accordingly

remained in the hand of the endosonographer, with all the

uncertainly of diagnostic markers as shown above.

New Endoscopic Imaging Modalities

In the last decade, new endoscopic imaging modalities

were described to improve the endoscopic diagnostic

accuracy of suspected neoplastic pancreatic cysts and their

degree of dysplasia. With several exceptions, most tech-

niques utilize the EUS-FNA as the platform to introduce

new imaging devices into the pancreatic cyst.

Pancreatoscopy

Peroral pancreatoscopy has been described to directly

visualize the epithelial lining of the main pancreatic duct.

In retrospective surgical series, villous elevations along

with vascular red color markings were found in severely

dysplastic IPMNs and invasive pancreatic adenocarcinoma

[52, 53]. Addition of intraductal ultrasonography showed

that lesions which protruded more than 4 mm had a high

risk of invasive cancer [53]. The introduction of the digital

spyglass system improved the technical feasibility of sin-

gle-operator cholangiopancreatoscopies. However, this

technique is still limited to few high-volume tertiary care

referral centers [54]. It is also self-explanatory that this

technique will be limited to a handful of indications, e.g.,

when the length and distribution of a MD-IPMN or MT-

IPMN remain unclear on conventional imaging during the

planning of a surgical resection.

Another way to utilize the spyglass system was

delineated by Aparicio et al. [55]. They reported intra-

luminal cyst inspection with the initial fiber-opticFig. 3 Serous cystadenoma (confirmed at surgery)
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spyglass system utilizing EUS-FNA platform. This

allowed inspection and guided biopsies of the cyst.

However, no large case series have reported the utility of

this technique.

Confocal Laser Endomicroscopy

Confocal laser endomicroscopy (CLE) is a real-time high-

resolution imaging modality allowing in vivo histopathol-

ogy-like evaluation [56]. Three multicenter studies

addressed the utility of a needle-based confocal laser

endomicroscopy (nCLE) of pancreatic cystic neoplasms,

using EUS platform.

The INSPECT study evaluated the yield of nCLE for

pancreatic cystic neoplasms. The authors reported that a

detection of epithelial villous structures yielded a sen-

sitivity and specificity of 59 and 100%, respectively,

which included the detection of IPMN, MCN, and

adenocarcinoma [57]. In the DETECT study, the com-

bined use of fiber-optic spyglass cystoscopy and nCLE

in pancreatic cystic neoplasms addressed test charac-

teristics to diagnose mucinous cysts. The reported sen-

sitivities were 90% of cystoscopy, 80% for nCLE, and

100% for both with a specificity of 100% [58]. In the

CONTACT study, any pancreatic cystic neoplasm was

evaluated. The authors defined the presence of a

superficial vascular network pattern as diagnostic for

pancreatic serous cystadenoma yielding a sensitivity

and specificity of 69 and 100%, respectively, with a high

interobserver agreement [59]. Of note, acute pancreati-

tis was reported as complication in 3–7% of patients

[57–59].

Similar to pancreatoscopy, nCLE is a technically chal-

lenging procedure which is limited to few tertiary care

centers. Beside the costs, its relatively high rate of pan-

creatitis prohibits its use for most patients. Further, no data

are available in how many cases the impact on nCLE

resulted in changing the clinical management of a patient

with pancreatic cystic neoplasm in comparison with the

standard methods.

Pancreatic Cyst Ablation

Beside its utility in the diagnosis of pancreatic cysts,

EUS was reported as a platform for focal ablative

methods of pancreatic cysts, which include either tar-

geted injection or lavage of a solution causing epithelial

destruction or the application of a high-energy probe

resulting in focal thermocoagulation and eventually

focal necrosis.

EUS-Guided Ethanol Injection

Most studies addressing ablation of pancreatic cysts

reported the use of ethanol of various concentrations,

ranging from 5 to 99%. Under EUS-guidance, the cyst was

lavaged with ethanol for 3–5 min [60–63]. Following the

index procedure, patients were followed clinically with

cross-sectional imaging. Treatment response was defined

as cyst size reduction or resolution of cyst. The only ran-

domized control trial comparing ethanol with normal saline

lavage reported a pancreatic cyst reduction in 24% after

ethanol lavage compared to 15% after lavage with normal

saline [62]. Kandula et al. [64] reported in a meta-analysis

complete cyst resolution in 56% and partial cyst resolution

in 24% following ethanol lavage. Complications included

abdominal pain in 6.5% and acute pancreatitis in 3.9%.

EUS-Guided Ethanol and Paclitaxel Injection

In addition to ethanol lavage, two studies reported an

additional treatment with paclitaxel injection following

ethanol lavage as treatment for pancreatic cystic neoplasms

[65, 66]. Cyst resolution was achieved in 62 and 79% based

on subsequent imaging [65, 66]. However, when address-

ing histologic findings following cyst ablation with ethanol

lavage and paclitaxel injection in four patients with per-

sisting pancreatic cysts who underwent surgical resection,

ablated epithelial lining was found in 0–100% [65]. Given

this broad range of ablative success rate on histologic

specimens, this technique requires additional assessment

on its histologic and real impact. It is intuitive to assume

that cysts which resolved following EUS-guided ethanol

lavage with or without adjuvant paclitaxel injection have

complete ablated epithelium. However, this has not been

proved yet, particularly in human histologic specimens.

EUS-Guided Radiofrequency Ablation

Radiofrequency ablation (RFA) delivers ablative energy by

high-frequency alternating electromagnetic energy which

results in thermocoagulation. Several animal studies repor-

ted EUS-guided RFA treatment of the porcine pancreas,

which resulted in coagulative necrosis of the ablated tissue

[67]. Despite the wide utility of RFA for Barrett’s esophagus

and, for example, liver tumor ablation, RFA ablation was not

tested for pancreatic cysts in humans yet [68, 69].

Miscellaneous Ablation Techniques

Additional new ablative techniques include the utility of

laser energy (neodymium-doped yttrium aluminum garnet

[Nd:YAG] laser), high-intensity focused ultrasound, and

1812 Dig Dis Sci (2017) 62:1808–1815
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photodynamic therapy. These techniques have in common

that high temperature is delivered focally and results in

denaturation of the tissue by thermocoagulation [70, 71].

Most tests were performed in the realm of animal studies

and solid pancreatic lesions or normal pancreatic tissue.

However, one can assume that these modalities might find

their application also for pancreatic cystic lesions

[70, 72–74].

Current Limitations of Focal Pancreatic Cyst

Ablation

Focal ablative techniques for pancreatic cystic neoplasms

have several major limitations.

First, considering the enigmatic natural history of pan-

creatic cystic lesions, it is unknown which cyst eventually

develops pancreatic cancer. Current guidelines recommend

surgery for the highest risk group, which still includes up to

80% of patients who would have not required surgical

intervention. That is, however, only known after reviewing

the surgical specimen, which would not be the case fol-

lowing a focal ablation. At the same time, surgical studies

have reported up to 20–50% of patients having already

invasive cancer on the surgical specimens, which is the

other extreme. In such cases, ablation would have not

offered an adequate treatment.

Second, due to the unclear efficacy of focal ablation, the

risk of persisting dysplastic epithelium following ablation

remains to be a major concern, as shown by Oh et al. [65].

Lastly, not all pancreatic cancers arise from mucinous

cystic lesions, particularly in IPMN. In fact, up to 17% of

pancreatic cancer arises independently of the IPMN lesion,

which is suspected to be due to a ‘‘field defect’’ in the

entire pancreas. These cases would have most likely not

benefit from focal ablation of pancreatic neoplastic cysts

[75].

Summary

The endosonographer has the ‘‘quarterback’’ position in the

detection of pancreatic cysts and their exact diagnosis,

assessing their risk of malignancy and their further strati-

fication to recommend surgical resection, surveillance, or

no surveillance. Although EUS-FNA offers the most

important tool in that field, current imaging and cyst fluid

analysis modalities are not optimal, and patients will

undergo surgery for cystic lesions which would have not

required resection and at the same time, patients will

develop pancreatic cancer, which can be unresectable at the

diagnosis, under the eyes of the gastroenterologist during

close surveillance. Major effort is currently undertaken to

understand the natural history of pancreatic cystic

neoplasms and to find new biomarkers which allow

recognition of patients with pancreatic cysts at risk to

progress from high-grade dysplasia to invasive cancer, as

that is the optimal target group to offer surgical resec-

tion. Whether focal ablative methods will gain acceptance

remains to be elucidated as well.

• Prevalence of pancreatic cysts is rising, and most cysts

are managed as presumed pancreatic cystic neoplasms

(PCN), particularly as BD-IPMN.

• EUS is a very sensitive tool for detecting and defining

cyst morphology, but it is not sensitive or specific to

predict malignancy.

• EUS-FNA permits evaluation of cytology, chemistry,

tumor, and molecular markers which have to be

interpreted individually to triage patients adequately

for surgical resection, surveillance, or no surveillance.

• Pilot studies defined new diagnostic markers for PCNs

including microRNA, proteomics, and metabolomics

which need to be evaluated for their general diagnostic

utility.

• Peroral pancreatoscopy and confocal laser endomi-

croscopy among other advanced endoscopic techniques

are unlikely to gain wide acceptance in the general

PCN workup given their costs, limited availability, and

procedure risk profile.

• While waiting for an ideal marker defining which

patients will progress from high-grade dysplasia to

invasive cancer, the endosonographer will continue to

stratify patients to undergo surgical resection, surveil-

lance, or no surveillance, with all the significant

uncertainties of current diagnostic tools.
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