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 LIST OF ABBREVIATIONS  

 

 ACG              American College of Gastroenterology   

AGA               American Gastroenterological Association  

ASGE             American Society for Gastrointestinal Endoscopy  

BD-IPMN      Branch duct intraductal papillary mucinous neoplasm   
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CEA                Carcinoembryonic antigen   

CH-EUS         Contrast-harmonic endoscopic ultrasound   

cNET              Cystic neuroendocrine tumor   

CT                  Computed tomography   

DM                 Diabetes mellitus   

ESGE             European Society of Gastrointestinal Endoscopy 

EUS                Endoscopic ultrasound   

EUS-FNA       Endoscopic ultrasound-guided fine-needle aspiration   

EUS-nCLE      Endoscopic ultrasound-guided needle-based confocal laser  

                        endomicroscopy   

EUS-TTNB     Endoscopic ultrasound-guided through-the-needle biopsy   

HbA1c             Hemoglobin A1c   

IPMN              Intraductal papillary mucinous neoplasm   

IQR                 Interquartile range   

KRAS             Kirsten rat sarcoma viral oncogene homolog   

GNAS             Guanine nucleotide-binding protein alpha subunit   

MCN              Mucinous cystic neoplasm   

MCA               Mucinous cystadenoma   

MD-IPMN      Main duct intraductal papillary mucinous neoplasm   

MDCT            Multidetector computed tomography   

MPD               Main pancreatic duct   
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MRI                Magnetic resonance imaging   

MRCP             Magnetic resonance cholangiopancreatography   

MT-IPMN       Mixed-type intraductal papillary mucinous neoplasm   

NGS                Next-generation sequencing   

NPV                Negative predictive value   

PCF                 Pancreatic cyst fluid   

PCL                 Pancreatic cystic lesion   
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SPN                  Solid pseudopapillary neoplasm   
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1. INTRODUCTION 

 

1.1. Definition  

Pancreatic cystic lesions (PCLs) are defined as circumscribed, fluid-containing structures 

arising in the pancreatic parenchyma, encompassing a heterogeneous group of entities 

with distinct underlying mechanisms of development and variable biological behavior. 

1.2. Prevalence  

Pancreatic cystic lesions (PCLs) were initially regarded as rare entities, as reflected in 

early reports from 1934. [1] In the following decades, however, accumulating 

pathological and clinical observations demonstrated that these lesions are considerably 

more common than previously assumed. [2] Data derived from autopsy series indicate 

that pancreatic cysts are far more prevalent than previously assumed, with reported 

frequencies ranging between 33.2% and almost 50% [3,4]. These findings suggest that a 

large proportion of pancreatic cystic lesions remain clinically silent throughout life. In 

parallel with the increasing availability and routine use of abdominal imaging techniques 

— most notably cross-sectional modalities such as computed tomography (CT) and 

magnetic resonance imaging (MRI) — the rate of incidentally detected pancreatic cysts 

has risen substantially. Importantly, prevalence estimates in asymptomatic populations 

show marked variability depending on the imaging modality employed. In a large 

population-based cohort, transabdominal ultrasound detected pancreatic cysts in 3.5% of 

individuals [5].  

Detection rates are significantly higher for cysts larger than 10 mm than for smaller 

lesions, and cysts located outside the pancreatic tail are more frequently recognized. [6] 

In asymptomatic populations examined by CT, the prevalence ranges between 2.1% and 

2.7%. [7,8] It has been demonstrated that the most sensitive non-invasive method for 

identifying pancreatic cystic lesions is magnetic resonance imaging in conjunction with 

magnetic resonance cholangiopancreatography (MRI/MRCP). Zerboni et al. used MRCP 

to report a prevalence of 24.8% among asymptomatic persons in a comprehensive meta-

analysis. [8]   With the application of more advanced MRI hardware and software, even 

higher detection rates have been described, with incidental pancreatic cysts identified in 
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up to 56.3% of examined subjects. [9] A strong association has been demonstrated 

between increasing cyst prevalence, larger cyst diameter, and advancing age. [10]. The 

prevalence of pancreatic cysts rose from 2.4% in patients under 40 to 8.7% in those 

between 60 and 69 and 37.7% in those over 80 in an MRI-based study involving 616 

participants. [11] Prevalence variations by geography have also been documented. 

According to Zerboni et al.'s meta-analysis, Western populations have much higher 

MRI/MRCP-based detection rates (United States: 12.6%; Europe: 7–9%) than Asian 

cohorts (3.1%). [8] 

1.3. Classification 

Pancreatic cystic lesions are currently divided into neoplastic and non-neoplastic 

categories, representing a clinically and pathologically diverse group of entities. Prior 

theories were mostly limited to serous and mucinous cystic lesions, however since the 

1980s, major advances in cross-sectional imaging and other diagnostic modalities have 

markedly increased the detection of pancreatic cysts and stimulated extensive research 

into their pathogenesis, morphology, clinical behavior, and management. As a result, 

several classification systems have been proposed, and pancreatic cystic lesions are now 

broadly separated according to histological criteria into neoplastic and non-neoplastic 

entities, and then further separated into epithelial and non-epithelial cysts. [12–14]   

Pancreatic pseudocysts, congenital cysts, lymphoepithelial cysts, and retention cysts are 

the non-neoplastic cysts that are most clinically significant. Intraductal papillary 

mucinous neoplasms (IPMN), mucinous cystic neoplasms (MCN), serous cystic 

neoplasms (SCN), cystic neuroendocrine tumors (cNET), solid pseudopapillary 

neoplasms (SPN), and ductal adenocarcinomas with cystic degeneration are the most 

significant entities among neoplastic cystic lesions. Table 1 summarizes a histology-based 

classification of pancreatic cystic lesions. 
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Table 1. Histology based classification of the most relevant PCLs  

  

 

Four primary morphological patterns of pancreatic cystic lesions can be distinguished 

based on cross-sectional imaging features [14]: 1. macrocystic lesions with cysts often 

larger than 1-2 cm (oligocystic or multicystic); 2. unilocular cysts without solid 

components, septations, or calcifications; 3. cystic tumors having solid components; and 

4. microcystic tumors, which have cysts that are usually less than 1 cm in size. 

Pseudocysts, congenital cysts, and IPMNs account for the majority of pancreatic cystic 

lesions in terms of overall frequency. Mucinous and serous cystadenomas follow, while 

solid tumors with cystic degeneration make up a small group of uncommon lesions. 

[12–14] 

1.4. The main types of pancreatic cysts 

1.4.1. Pseudocyst 

Pancreatic pseudocysts constitute the predominant variety of pancreatic cystic lesions. 

They typically arise as a complication of acute or chronic pancreatitis and, less commonly, 

Main category Entities  

 

Epithelial – neoplastic 

 

Serous cystic neoplasm (SCN)/Serous 

cystadenoma (SCA); mucinous cystic 

neoplasm (MCN); Intraductal papillary 

mucinous neoplasm (IPMN); ductal 

adenocarcinoma with cystic degeneration; 

cystic neuroendocrine tumor (cNET); solid 

pseudopapillary neoplasm (SPN); acinar cell 

cystadenoma; cystic teratoma; cystic 

hamartoma; epidermoid cyst in 

intrapancreatic accessory spleen; cystic 

pancreatoblastoma and cystic metastatic 

epithelial neoplasm 

 

Epithelial – non-neoplastic 

 

retention cyst; congenital cysts (solitary 

idiopathic cyst, polycystic kidney disease, 

von Hippel–Lindau syndrome, cystic 

fibrosis); lymphoepithelial cyst; 

periampullary duodenal wall cyst; enteric 

duplication cyst; mucinous non-neoplastic 

cyst and endometrial cyst  

Non-epithelial – non neoplastic Pseudocyst and parasitic cyst 

Non-epithelial – neoplastic Sarcoma and Lymphangioma 
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as a result of forceful or penetrating abdominal trauma or iatrogenic damage. [15,16] 

Pseudocyst development is more prevalent during chronic pancreatitis than acute 

pancreatitis and is more common in alcohol-related cases compared to non-alcohol-

related pancreatitis. [15] Pseudocysts are encased by a distinct wall consisting of fibrous 

and inflammatory tissue and, unlike actual cysts, do not possess an epithelial lining. They 

generally communicate with the pancreatic ductal system either directly or indirectly via 

the pancreatic parenchyma. Their genesis is ascribed to the disruption of the pancreatic 

duct due to elevated intraductal pressure stemming from ductal stenosis, calculi, or 

protein plugs, or from pancreatic necrosis subsequent to an episode of acute pancreatitis. 

[15, 17, 18] A fluid collection developing after acute pancreatitis is classified as an acute 

pseudocyst only if it persists for over 4–6 weeks and is surrounded by a wall of fibrous 

or granulation tissue. [15] 

Clinical history and presentation are essential for differentiating pseudocysts from cystic 

neoplasms. The clinical development may vary from an asymptomatic state to an acute 

abdomen resulting from severe consequences. Transabdominal ultrasonography is 

typically the primary imaging technique employed. On ultrasound, pseudocysts generally 

manifest as well-defined, round or oval, anechoic lesions exhibiting distal acoustic 

enhancement and possessing a smooth wall. In the first stage, they may exhibit internal 

echoes of varied intensity due to necrotic debris, a phenomenon more prevalent in 

pseudocysts resulting from acute necrotizing pancreatitis than in those linked to chronic 

pancreatitis. In most cases, this debris gradually resolves. Increased internal complexity 

may also be observed in the presence of intracystic hemorrhage or superinfection. [15] 

In the acute setting, computed tomography (CT) is often preferred because bowel gas may 

reduce the sensitivity of ultrasound. CT provides detailed information on surrounding 

structures and may reveal associated findings such as calcifications or dilation of the 

pancreatic or the biliary ductal system. Magnetic resonance imaging and magnetic 

resonance cholangiopancreatography (MRI/MRCP) allow accurate assessment of cyst 

morphology, internal contents (including debris), and ductal communication, exhibiting 

great sensitivity for identifying small cystic lesions. [19,20] 
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Figure 1. Axial reconstructions of the portal venous phase CT scans demonstrating a 

pseudocyst in the pancreatic tail. (Courtesy of Dr. Laura Tamás-Hangody and the 

Medical Imaging Center, Semmelweis University) 

 

Endoscopic ultrasonography (EUS) is pivotal in the diagnostic assessment of pancreatic 

cysts, facilitating high-resolution morphological characterization and enabling cyst fluid 

sampling using fine-needle aspiration (FNA). The aspirated fluid is generally examined 

for cytology, carcinoembryonic antigen (CEA), glucose, and amylase levels. Pseudocysts, 

devoid of an epithelial lining, do not include epithelial cells in cytological samples. The 

fluid exhibits low viscosity and may seem black, turbid, or hemorrhagic, containing 

inflammatory cells like macrophages and histiocytes. Amylase levels are generally 

increased, and a measurement below 250 U/mL effectively rules out a pseudocyst. [21]. 

Pseudocysts are defined by low CEA levels (<192 ng/mL) and high glucose 

concentrations (>50 mg/dL or 2.8 mmol/L). The majority of pseudocysts resolve with 

supportive medical treatment; however, a subset may develop complications. Acute 

complications include hemorrhage (mostly resulting from splenic artery erosion and 

pseudoaneurysm formation), infection, and rupture. Chronic problems include gastric 

outlet obstruction, biliary obstruction, and thrombosis of the splenic or portal vein. [15] 

Hemorrhage is linked to significant morbidity and mortality, most commonly resulting 
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from the erosion of a major vessel close to the cyst. Interventional radiology is essential 

for identifying the source of bleeding and endovascular embolization. [15,22] 

The clinical consequences of pseudocyst rupture depend on its site. Rupture into the 

gastrointestinal tract may be asymptomatic or may present with melena or hematemesis 

requiring urgent intervention, whereas rupture into the peritoneal cavity may lead to 

peritonitis and, occasionally, hemorrhagic shock, usually necessitating emergency 

surgery. [15]. Although infected pseudocysts may initially be managed conservatively, 

most patients ultimately require intervention, preferably by endoscopic drainage. 

Additional indications for drainage include persistent abdominal pain, gastric or duodenal 

obstruction, and biliary obstruction. Endoscopic techniques have become the preferred 

therapeutic approach in these settings. [15,23] 

1.4.2. Serous cystic neoplasm (SCN)/Serous cystadenoma (SCA) 

Serous cystic neoplasm and serous cystadenoma refer to the same entity, they comprise 

roughly 16% of all pancreatic cystic lesions. Approximately 65–70% of cases occur in 

women, usually between the fifth to seventh decades of life, with the majority of lesions 

originating in the body or tail of the pancreas. About 60% of patients are asymptomatic 

upon diagnosis. [24, 25] Four morphological patterns of SCNs are identified: microcystic, 

macrocystic (oligocystic), mixed, and solid. The microcystic variant, distinguished by 

numerous small cysts typically measuring less than 2 cm and divided by thin septa, 

accounts for around 50% of cases. A central fibrous scar with calcification may be 

observed in up to 30% of microcystic SCNs, resulting in the characteristic "sunburst" 

appearance. On CT, a circumvascular sign may be observed, reflecting the hypervascular 

nature of the lesion. [25] A honeycomb pattern may also be seen, corresponding to 

numerous tiny cysts. Macrocystic SCAs consist of a limited number of cysts over 2 cm, 

delineated by thin septations, and represent roughly 30% of instances. These lesions do 

not have a central scar but frequently exhibit external lobulation similar to the microcystic 

variant. Because of their appearance, macrocystic SCAs may be difficult to distinguish 

from other cystic pancreatic neoplasms. The solid variant presents as a hypervascular 

mass with or without small cystic components. [24–26] 
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Figure 2. Axial reconstructions of the portal venous phase CT scans of a serous cystic 

neoplasm in the pancreatic head. (Courtesy of Dr. Laura Tamás-Hangody and the 

Medical Imaging Center, Semmelweis University) 

 

CT, MRI, and EUS can demonstrate the characteristic morphological features, such as the 

honeycomb pattern or clusters of microcysts. Lesions with a microcystic architecture and 

central scar can be confidently identified as SCAs and usually do not necessitate further 

diagnostic procedures. In contrast, lesions with atypical morphology, including 

microcystic SCNs lacking a central scar, macrocystic, or solid variants, should undergo 

EUS-guided FNA when feasible. [25] 

The cyst fluid obtained from serous cystadenomas exhibits low viscosity, and cytological 

analysis shows bland, glycogen-rich cuboidal epithelial cells. Intracystic CEA levels are 

low (<192 ng/mL), and elevated glucose concentrations are characteristic of these lesions 

(> 50 mg/dL or 2.8 mmol/L). [21] According to the American College of 

Gastroenterology Guideline, asymptomatic SCNs do not require routine follow-up. [19]. 

European guidelines recommend imaging control after one year and reserve surgical 

resection for symptomatic lesions causing obstruction of the common bile duct, stomach, 

duodenum, or portal vein [27]. 

1.4.3. Mucinous cystic neoplasm (MCN)/Mucinous cystadenoma (MCA) 

Mucinous cystic neoplasms, formerly called as mucinous cystadenomas, are usually 

solitary cysts that affect almost exclusively women, particularly those who are young or 
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middle-aged. In over 70% of instances, they are found in the body or tail of the pancreas. 

[28] 

Histologically, MCNs are characterized by the presence of ovarian-type stroma, a thick 

cyst wall, and the absence of communication with the pancreatic ductal system. Although 

uncommon, peripheral “eggshell” calcifications represent a characteristic imaging 

feature. [2,21]  

 

                                    

Figure 3. Axial reconstructions of the portal venous phase CT scans of a large mucinous 

cystic neoplasm of the pancreas. (Courtesy of Dr. Laura Tamás-Hangody and the Medical 

Imaging Center, Semmelweis University) 

 

The cyst fluid is highly viscous and contains mucin and columnar epithelial cells on 

cytological examination. However, the presence of columnar cells is not specific, as they 

may also be found in intraductal papillary mucinous neoplasms (IPMNs). [21] Amylase 

and lipase levels in the cyst fluid are usually low, whereas CEA concentrations are 

elevated (>192 ng/mL) and glucose levels are decreased (<50 mg/dL or 2.8 mmol/L). 

[21,28] 

In a large systematic review of resected MCNs, malignancy was observed in 0–34% of 

cases; however, among lesions smaller than 4 cm, invasive carcinoma was identified in 

only 0.03%. [29] Surgical resection is recommended for MCNs measuring ≥40 mm, for 

symptomatic lesions, and for those exhibiting high-risk features such as mural nodules. 
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In patients with cysts between 30 and 40 mm, additional factors including age, 

comorbidities, operative risk, and patient preference should be considered. 

For MCNs smaller than 40 mm without mural nodules or symptoms, lifelong surveillance 

is advised as long as the patient remains fit for surgery. Follow-up with MRI, EUS, or a 

combination of both is recommended every six months during the first year and annually 

thereafter if no changes are observed. In cysts smaller than 30 mm, a definitive diagnosis 

of MCN may be difficult, and differentiation from other cystic lesions can be challenging. 

Therefore, surveillance strategies similar to those applied for small IPMNs are 

recommended for MCNs and IPMNs measuring less than 3 cm [27]. 

1.4.4. Intraductal Papillary Mucinous Neoplasm (IPMN) 

Intraductal papillary mucinous neoplasms (IPMNs) were originally identified in 1982 in 

patients initially diagnosed of pancreatic adenocarcinoma, who later demonstrated a more 

favorable clinical prognosis. Throughout time, other synonyms have been employed, such 

as mucinous ductal ectasia, mucin-producing carcinoma, intraductal mucin-producing 

tumor, intraductal papillary hyperplasia, intraductal papillary tumor, and intraductal 

papillary neoplasm. [28,30] 

IPMNs are defined by segmental or diffuse dilation of the pancreatic ductal system, which 

is lined by mucin-producing epithelial cells. They may arise throughout the pancreas, with 

a marked predominance in the pancreatic head (80–90%). [21,28] According to ductal 

involvement, IPMNs are classified into main-duct IPMN (MD-IPMN), branch-duct 

IPMN (BD-IPMN), and mixed-type IPMN (MT-IPMN). This distinction is of major 

clinical relevance, as it impacts the risk of malignant transformation and therapeutic 

strategy. [28] 

In surgically resected series, the reported prevalence of high-grade dysplasia or invasive 

carcinoma is approximately 31% (15–48%) for BD-IPMNs and 62% (36–100%) for MD-

IPMNs; the corresponding rates of invasive carcinoma are 19% (6–38%) and 43% (11–

81%), respectively. [31]. When considering the large proportion of indolent, unresected 

BD-IPMNs, the true overall risk of malignancy in BD-IPMN is substantially lower, 

confirming that MD-IPMN carries a significantly higher malignant potential. Mixed-type 

IPMNs exhibit a risk of malignant progression comparable to that of MD-IPMN. 
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Histopathological studies differentiating microscopic and macroscopic main duct 

involvement demonstrated markedly different rates of high-grade dysplasia or carcinoma 

(17% vs. 70%). [27,32]. However, the biological behavior of MT-IPMN remains partly 

unclear, as radiological classification may underestimate microscopic main duct 

involvement, while some BD-IPMNs show pathological main duct extension without 

significant ductal dilatation. [33] 

Histologically, IPMNs are subdivided into gastric, intestinal, and pancreatobiliary 

epithelial subtypes. These subtypes are associated with distinct prognostic profiles: 

gastric-type lesions are predominantly low-grade BD-IPMNs, which have the most 

favorable prognosis, followed by intestinal-type IPMNs. In contrast, pancreatobiliary-

type IPMNs provide the greatest risk of high-grade dysplasia and invasive cancer. [33] 

1.4.4.1. Main-Duct IPMN 

MD-IPMNs are defined by segmental or diffuse dilation of the main pancreatic duct 

exceeding 5 mm. A patulous ampullary orifice exhibiting mucin extrusion, commonly 

referred as „fish-mouth papilla” and/or mural nodules may be observed. Although many 

patients are asymptomatic, others may present with abdominal or back pain related to 

pancreatitis, jaundice, or nonspecific gastrointestinal symptoms. Laboratory evaluation 

includes liver function tests, measurement of pancreatic enzyme levels, and tumor 

markers (CEA and CA19-9). Elevated tumor marker levels, and/or new-onset or 

worsening diabetes mellitus, assessed by HbA1c, may indicate malignant transformation. 

Contrast-enhanced MRI/MRCP and multidetector CT represent first-line imaging 

modalities. Endoscopic ultrasound (EUS) is valuable for detecting mural nodules and 

other features suggestive of high-grade dysplasia or invasive carcinoma. [33]. EUS-

guided fine-needle aspiration may demonstrate highly viscous fluid with mucin-

producing columnar or cuboidal epithelial cells, occasionally with atypia or malignant 

features. Typically, intracystic CEA is elevated (>192 ng/mL) and glucose is low (< 50 

mg/dL or 2.8 mmol/L). [21,28] 
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Figure 4. MRI with maximum intensity projection (MIP) reconstruction demonstrating a 

main-duct IPMN. Arrows indicate the dilated main pancreatic duct. (Courtesy of Dr. 

Laura Tamás-Hangody and the Medical Imaging Center, Semmelweis University) 

 

Surgical resection is indicated in the presence of so-called high-risk stigmata: 

– main pancreatic duct diameter ≥10 mm, 

– obstructive jaundice associated with a cystic lesion in the pancreatic head, 

– enhancing mural nodule ≥5 mm or solid component, 

– positive or suspicious cytology for high-grade dysplasia or carcinoma. 

Relative “worrisome features” include duct diameter 5–9 mm, abrupt duct caliber change 

with distal parenchymal atrophy, acute pancreatitis, elevated CA19-9, recent onset or 

worsening diabetes, lymphadenopathy, and recurrent pancreatitis. Operative decisions 

must integrate oncologic risk with patient comorbidity, life expectancy, and preference. 

[33] 

1.4.4.2. Branch-Duct IPMN 

BD-IPMNs arise from the side branches and appear as clusters of small cysts 

communicating with the ductal system, often producing a grape-like configuration. They 

typically occur in the sixth to seventh decade and are most frequently localized in the 

pancreatic head or uncinate process; multifocal disease is present in 20–40% of cases. 

[21,33] Imaging characteristics and cyst fluid profiles resemble those of MD-IPMN. 
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Differential diagnoses include mucinous cystic neoplasms and ductal adenocarcinoma 

with cystic degeneration. 

 

                                 

Figure 5. MRCP demonstrating multiple branch-duct IPMNs. Arrows indicate the cystic 

lesions. (Courtesy of Dr. Laura Tamás-Hangody and the Medical Imaging Center, 

Semmelweis University) 

 

High-risk stigmata prompting surgical consideration are identical to those for MD-IPMN. 

Worrisome features specific to BD-IPMN include cyst diameter ≥30 mm, mural nodules 

>5 mm, thickened or enhancing cyst walls, growth ≥2.5 mm/year, acute pancreatitis, 

elevated CA19-9, recent-onset diabetes, and lymphadenopathy. In the absence of these 

factors, surveillance is recommended according to cyst size. The Kyoto guidelines 

propose MRI/MRCP, MD-CT, and/or EUS at 6- to 18-month intervals, combined with 

laboratory follow-up including tumor markers and HbA1c. The patient's age, 

comorbidities, life expectancy, and risk of concomitant pancreatic ductal adenocarcinoma 

should all be taken into consideration while determining the length of surveillance. [33] 

1.4.4.3. Mixed-Type IPMN 

Mixed-type IPMNs show both main duct dilation and cystic side-branch involvement. 

Given their malignant potential, which approximates that of MD-IPMN, they should be 

managed according to the same therapeutic principles [27]. 
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Figure 6. MRCP demonstrating a mixed-type IPMN. Arrows indicate the grape-like 

cluster of small cysts and the dilated main pancreatic duct. (Courtesy of Dr. Laura Tamás-

Hangody and the Medical Imaging Center, Semmelweis University) 

 

1.4.5. Solid Pseudopapillary Neoplasm (SPN) 

Solid pseudopapillary neoplasms, previously termed papillary cystic tumor, solid 

pseudopapillary tumor, or Frantz–Gruber tumor, primarily affect young women, 

comprising around 90% of cases [28]. They usually present between the second and 

fourth decades of life and are predominantly located in the pancreatic body or tail. 

Symptoms are typically nonspecific; jaundice and pancreatitis are uncommon. SPNs are 

characteristically solitary, well-defined, and often large. Imaging by CT or MRI reveals 

an encapsulated lesion with mixed solid and cystic components caused by hemorrhagic 

degeneration; peripheral calcifications may be present, similar to MCNs. [21,28].  EUS-

guided biopsy is reserved for diagnostically uncertain cases. [34] Cytology demonstrates 

characteristic papillary structures with fibrovascular cores and uniform tumor cells with 

eosinophilic or foamy cytoplasm. Immunohistochemistry typically shows positivity for 

vimentin, α1-antitrypsin, neuron-specific enolase, and progesterone receptor. [35,36]. 

Cyst fluid shows high viscosity with low amylase, lipase, and CEA levels. [28] Although 

the overall malignant potential is relatively low (approximately 5–15%), complete 

surgical resection is suggested for all patients due to the potential of local invasion and 

metastasis. [21,27,28,37] 
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  1.4.6. Cystic Pancreatic Neuroendocrine Tumor (cNET) 

Cystic pancreatic neuroendocrine tumors (cNETs) originate from endocrine cells of the 

pancreas and represent cystic variants or degenerative forms of pancreatic neuroendocrine 

tumors (pNETs). [2,38] They can develop in any region of the pancreas and are typically 

solitary, unless associated with hereditary syndromes such as multiple endocrine 

neoplasia type 1 (MEN1; pituitary adenoma, parathyroid hyperplasia, pancreatic 

neuroendocrine tumors) or von Hippel–Lindau disease. Cystic pNETs, in contrast to their 

solid counterparts, are often larger at diagnosis, more frequently symptomatic, and more 

often non-functioning, suggesting that they may constitute a biologically distinct 

subgroup. [39] 

Radiologically, cNETs appear as well-demarcated lesions that usually do not 

communicate with the main pancreatic duct and often demonstrate thick, contrast-

enhancing walls or intralesional solid components, while the adjacent pancreatic 

parenchyma and ductal system are usually preserved. [21] More than 80% of these tumors 

express somatostatin receptors, allowing detection by positron emission tomography 

using radiolabeled somatostatin analogues such as octreotide or DOTATATE. [2] 

 

                                    

Figure 7. Axial reconstructions of the portal venous phase CT of a cystic neuroendocrine 

tumor in the pancreatic tail. (Courtesy of Dr. Laura Tamás-Hangody and the Medical 

Imaging Center, Semmelweis University) 
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Endoscopic ultrasound with fine-needle aspiration (EUS-FNA) can assist in diagnosis. 

The aspirated fluid generally has low viscosity and may be hemorrhagic; intracystic 

amylase and lipase levels are variable, whereas carcinoembryonic antigen (CEA) 

concentrations are usually low. [21] Cytologically, the tumors consist of uniform, 

medium-sized polygonal cells with finely granular amphophilic to eosinophilic 

cytoplasm. [38] Immunohistochemical staining is positive for chromogranin A, 

synaptophysin, CD56, CDX2, and neuron-specific enolase. [21] 

Adverse prognostic factors include the presence of symptoms, tumor size ≥20 mm, high 

histological grade, Ki-67 proliferation index ≥3%, and lymphovascular invasion. [40] 

Owing to the limited number of studies specifically addressing cystic variants, therapeutic 

strategies largely follow those established for solid pancreatic neuroendocrine tumors. 

Surgical resection is the sole potentially curative option for localized disease and is 

recommended for all functional tumors irrespective of size, for non-functional tumors 

larger than 2 cm, and for symptomatic lesions. Active surveillance may be considered in 

selected patients with small (<2 cm), non-functional, asymptomatic tumors, particularly 

in the presence of significant comorbidity or high operative risk. In advanced or 

unresectable disease, or in patients unfit for surgery, systemic treatment options include 

somatostatin analogues, targeted therapies (such as everolimus or sunitinib), cytotoxic 

chemotherapy, and peptide receptor radionuclide therapy (PRRT). For hormonally active, 

locally advanced or metastatic disease, or in patients unfit for surgery, ablative palliative 

treatment may be considered. [41] 

1.4.7. Cystic Pancreatic Ductal Adenocarcinoma 

Pancreatic ductal adenocarcinoma (PDAC) may occasionally present with cystic features. 

In a large histopathological series, approximately 8% of PDACs demonstrated a cystic 

component.  [42] Four principal morphological patterns have been described: lesions with 

large glandular structures; tumors showing cystic degeneration; associated with retention 

cysts; or accompanied by pseudocyst formation. This morphological heterogeneity 

reflects distinct underlying pathogenic mechanisms. [42] 

Macroscopically, cystic PDACs may range from lesions dominated by a single large 

cavity to tumors containing multiple small cystic spaces producing a honeycomb-like 

morphology. Imaging reveals irregular, thick-walled cystic lesions with enhancing solid 
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components. EUS-guided fine-needle aspiration, directed preferentially at the solid areas, 

is useful for confirming the diagnosis. [21] Tumor staging and therapeutic management 

follow the same principles as for solid pancreatic ductal adenocarcinoma, including 

surgical resection when feasible and multimodal oncological treatment according to 

disease stage. 

1. 5. Methods in the diagnosis of Pancreatic Cystic Lesions 

1.5.1. Diagnostic Approach to Pancreatic Cystic Lesions 

The main aim of the diagnostic assessment of pancreatic cystic lesions is to stratify cysts 

into benign entities without malignant potential and lesions carrying low, intermediate, or 

high risk for advanced neoplasia. [2] The diagnostic workup should begin with a 

comprehensive medical history, with particular attention to previous episodes of acute or 

chronic pancreatitis and to a family history of pancreatic cancer or hereditary cancer 

syndromes linked to an elevated risk of pancreatic malignancy. [43] Clinical assessment 

should encompass the evaluation of symptoms, although most pancreatic cysts are 

detected incidentally and remain asymptomatic.  

Obstructive jaundice represents a high-risk clinical feature. Pancreatitis caused by ductal 

obstruction or mucin hypersecretion and cyst-related abdominal pain are considered 

intermediate-risk features, although a causal relationship is often difficult to establish. [2]  

Laboratory investigations should include serum amylase and lipase, liver transaminases 

and cholestatic parameters, as well as tumor marker carbohydrate antigen 19-9 (CA19-9) 

and glycated hemoglobin (HbA1c). Elevated CA19-9 levels and new-onset or worsening 

diabetes mellitus are associated with an increased risk of advanced neoplasia. [44,45] As 

the next diagnostic step, high-resolution magnetic resonance imaging of the pancreas with 

magnetic resonance cholangiopancreatography (MRI/MRCP) at 1.5 or 3 Tesla is 

recommended [43]. MRI demonstrates an accuracy of approximately 55–76% for 

distinguishing benign from malignant cysts, although its accuracy for defining the 

specific cyst subtype is lower (40–50%). MRI is particularly valuable for detecting 

communication with the main pancreatic duct and is therefore superior in the diagnosis 

of branch-duct IPMN. [19,46] If MRI is contraindicated, contrast-enhanced multidetector 

computed tomography using a dedicated pancreatic protocol should be performed. 



 

22 
 

Imaging findings guide subsequent management decisions, including the need for 

endoscopic ultrasound with or without fine-needle aspiration, surgical resection, or 

radiological surveillance. [43] 

When cyst characterization remains uncertain after cross-sectional imaging or when 

IPMN-associated risk features cannot be reliably excluded, endoscopic ultrasound (EUS), 

optionally combined with contrast enhancement or fine-needle aspiration, is 

recommended. [47,48] In addition to cytological or histological examination—which is 

frequently constrained by low cellularity—measurement of cyst fluid biomarker levels 

and analysis molecular alterations may aid in cyst type differentiation. [47] 

1.5.2. Role of Endoscopic Ultrasound in the Evaluation of Pancreatic Cystic Lesions 

B-mode EUS is recommended as a complementary modality to cross-sectional imaging. 

Although EUS alone is imperfect for precise cyst typing and is subject to interobserver 

variability, its high spatial resolution enables superior visualization of key morphological 

features. [27,50] Systematic documentation should include the number, location, and size 

of cysts; their relationship to the pancreas; and detailed assessment of wall thickness, 

mural nodules or associated solid components, macrocystic or microcystic architecture, 

septations, and the presence of intraluminal mucus or debris. [21]. 

A major advantage of EUS is its sensitivity for detecting small mural nodules. 

Differentiation between true mural nodules and intraluminal mucin globules may be 

challenging. Mucin appears as a round, hyperechoic structure with a hypoechoic center 

and may be shown to be mobile by patient repositioning or by displacement during EUS-

guided needle puncture. In equivocal cases, contrast-enhanced EUS (CE-EUS) can be 

employed. After intravenous administration of microbubble contrast agents, vascularized 

tissue demonstrates enhancement, whereas avascular mucin does not, enabling 

differentiation between neoplastic nodules and mucus. [21]. Septations can likewise be 

better characterized using contrast enhancement. 

EUS also allows accurate assessment of ductal communication, with diagnostic 

performance comparable to MRI/MRCP. [51] Endoscopic inspection of the major papilla 

during the same procedure may reveal a characteristic “fish-mouth” appearance indicative 
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of mucin extrusion. Limitations of EUS include its invasive nature, the requirement for 

sedation, and notable interobserver variability. 

1.5.3. Endoscopic Ultrasound-Guided Fine-Needle Aspiration (EUS-FNA) 

EUS-FNA may yield supplementary diagnostic insights for cyst characterization and the 

identification of high-grade dysplasia or invasive cancer. Needle selection is guided by 

cyst size, location, and operator preference. Potential adverse events include bleeding, 

infection, pancreatitis, and, rarely, needle-tract seeding. To minimize complications, a 

single puncture is recommended, and complete aspiration of the targeted cyst 

compartment should be attempted. According to the 2025 American College of 

Gastroenterology (ACG) and the American Society for Gastrointestinal Endoscopy 

(ASGE) quality indicators, routine antibiotic prophylaxis for EUS-guided aspiration of 

pancreatic cysts is not routinely recommended, in contrast to earlier practice, as current 

evidence does not demonstrate a significant reduction in infectious complications. [21,52] 

1.5.4. Macroscopic Evaluation of Cyst Fluid 

Gross inspection of aspirated cyst fluid may provide limited diagnostic clues. Fluid from 

pseudocysts is often brownish, hemorrhagic, or purulent due to inflammatory debris and 

neutrophils, whereas mucinous cysts are characterized by clear, highly viscous fluid that 

may be difficult to aspirate. [21] 

1.5.5. Cyst Fluid Viscosity and the “String Sign” 

Cyst fluid viscosity can be evaluated using the so-called “string sign,” which reflects the 

ability of mucin-rich fluid to form an elongated filament when stretched between two 

surfaces. After EUS-FNA, a droplet of fluid is placed between gloved fingers or observed 

dripping from the needle. A positive string sign—classically defined as a filament ≥1 cm 

in length persisting for a minimum of 1 second—is highly specific for mucinous cysts. 

[21,53] A shorter filament length of ≥3 mm lasting ≥1 second has also been proposed as 

indicative of mucinous etiology. [54] However, the sensitivity of the method is moderate 

and interobserver variability remains substantial. [55] 
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1.5.6. Fluid Cytology 

Cyst fluid cytology demonstrates high specificity but only moderate sensitivity for the 

detection of malignant pancreatic cystic lesions, with reported values of approximately 

96% and 62%, respectively. [56] This discrepancy reflects the inherent difficulty of 

cytological interpretation, particularly in specimens with low cellularity. Several factors 

may further reduce diagnostic sensitivity. Sampling error is common in both microcystic 

and mucinous lesions, in which epithelial atypia may be focal, resulting in false-negative 

findings. In addition, contamination with blood or with benign epithelial cells from the 

gastric or duodenal mucosa may complicate cytological evaluation. [21] 

When the volume of aspirated fluid is insufficient for conventional cytology, sampling of 

the cyst wall can be performed by repeated to-and-fro movements of the needle through 

the collapsed cyst cavity. [57] The presence of glycogen-rich cuboidal cells supports a 

diagnosis of serous cystadenoma, whereas identification of mucin-producing epithelial 

cells suggests a mucinous cystic lesion. Nevertheless, false-negative results are frequent, 

and mucin-secreting cells may also be encountered in the normal pancreatic ductal 

epithelium. [28]. In addition to cellular analysis, assessment for extracellular mucin has 

been shown to be highly specific for mucinous cysts. [58,59] 

1.5.7. Cyst Fluid Amylase 

Measurement of cyst fluid amylase requires approximately 0.5 mL of aspirate and is 

particularly useful when a pancreatic pseudocyst is considered in the differential 

diagnosis. Because pseudocysts typically communicate with the pancreatic ductal system, 

they almost invariably exhibit markedly elevated amylase concentrations. An amylase 

level below 250 U/mL effectively excludes a pseudocyst. [21,60] Although intraductal 

papillary mucinous neoplasms usually show elevated amylase levels owing to ductal 

communication, some mucinous cystic neoplasms may also display intermediate or high 

amylase activity, thereby limiting the specificity of this marker. [60,61] 

1.5.8. Cyst Fluid Carcinoembryonic Antigen (CEA) 

Determination of carcinoembryonic antigen (CEA) in cyst fluid generally requires 0.25–

1 mL of aspirate. It should be noted that CEA assays are standardized for serum rather 

than cyst fluid, and inter-assay variability complicates direct comparison between studies. 
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Elevated CEA concentrations are commonly observed in mucin-producing cysts, whereas 

low levels are characteristic of pseudocysts and serous cystadenomas. Diagnostic 

performance depends on the applied threshold. In clinical practice, a cutoff value of 192 

ng/mL is most widely used. [21] A large meta-analysis reported, at this threshold, a pooled 

sensitivity of 60.4% and a pooled specificity of 88.6% for distinguishing mucinous from 

non-mucinous cysts. [62] 

Use of extreme cutoff values—either very high (>800 ng/mL) or very low (<5 ng/mL)—

increases specificity to more than 95% for mucinous (IPMN or MCN) and non-mucinous 

cysts, respectively, but reduces sensitivity to approximately 50%. [19,63] Importantly, 

CEA levels do not reliably correlate with the presence of high-grade dysplasia or invasive 

carcinoma, and therefore cyst fluid CEA is not suitable for differentiating benign from 

malignant pancreatic cystic lesions. [64] 

1.5.9. Other Tumor Markers 

Several additional cyst fluid protein biomarkers, including CA 72-4, CA 125, CA 19-9, 

and CA 15-3, have been investigated for the characterization of pancreatic cystic lesions. 

However, their diagnostic performance has been shown to be inferior to that of CEA, and 

therefore they are not recommended for routine clinical use. [19,63] 

1.5.10. Cyst Fluid Glucose 

In recent years, intracystic glucose has emerged as a valuable biomarker for 

distinguishing mucinous from non-mucinous pancreatic cystic lesions. Mucinous cysts 

exhibit reduced glucose concentrations, usually below 50 mg/dL or 2.8 mmol/L, 

reflecting increased metabolic activity and glucose consumption by the neoplastic 

epithelium. A meta-analysis reported a pooled sensitivity of 90% and a specificity of 82% 

for intracystic glucose in identifying mucinous pancreatic cysts. [65] Glucose 

measurement requires only a minimal volume of cyst fluid (<0.002 mL), is inexpensive, 

and can be performed rapidly using point-of-care glucometers, allowing on-site 

assessment during EUS-FNA. [66] 

1.5.11. Mutational Analysis 

The extraction and analysis of DNA from cyst fluid have substantially expanded the 

diagnostic armamentarium for pancreatic cystic lesions. Specific somatic mutations are 
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associated with distinct cystic neoplasms and can assist in cyst classification, particularly 

when imaging, cytology, and biochemical markers are inconclusive or when only limited 

fluid volumes (<0.5 mL) are available. [2,67] Certain genetic alterations are primarily 

useful for identifying mucinous differentiation, whereas others are more closely 

associated with high-grade dysplasia or invasive carcinoma. 

1.5.11.1. VHL (von Hippel–Lindau) Gene Mutations 

Both sporadic and von Hippel–Lindau syndrome–associated serous cystadenomas 

frequently harbor inactivating mutations or loss of heterozygosity of the VHL gene. A 

large meta-analysis by Pflüger et al. demonstrated a pooled sensitivity of 56% and a 

specificity of 99% for VHL alterations in diagnosing SCAs, the most frequent benign 

pancreatic cystic neoplasm. [68] The detection of a VHL mutation provides strong 

evidence for a serous etiology and may justify discontinuation of radiological surveillance 

with high diagnostic confidence. [64] 

1.5.11.2. KRAS Mutations 

The RAS oncogene family, comprising KRAS, HRAS, and NRAS, includes the most 

commonly mutated oncogenes in human malignancies. KRAS (Kirsten rat sarcoma viral 

oncogene) is the predominant isoform involved in pancreatic tumorigenesis, with 

activating mutations most frequently affecting codons 12, 13, and 61, leading to 

constitutive signaling through proliferative and anti-apoptotic pathways. KRAS 

mutations are characteristic of several epithelial malignancies, including 

cholangiocarcinoma, colorectal, bronchial and pancreatic adenocarcinoma. [69] In 

pancreatic cyst fluid, KRAS mutation analysis shows high specificity (99%) but moderate 

sensitivity (61%) for the identification of mucinous cysts. However, its performance in 

distinguishing high-grade dysplasia or invasive carcinoma from low-grade lesions is 

limited (pooled sensitivity 73%, specificity 35%). [64] 

1.5.11.3. GNAS Mutations 

The GNAS (Guanine nucleotide-binding protein alpha subunit) gene encodes the 

stimulatory G-protein α-subunit (Gαs). Activating somatic mutations lead to increased 

cyclic AMP signaling and enhanced cellular proliferation. Such mutations are well 

recognized in endocrine neoplasms, fibrous dysplasia, and McCune–Albright syndrome. 
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[70]. In pancreatic cyst fluid, GNAS mutations are highly specific for mucinous cysts 

(pooled specificity 100%) but demonstrate modest sensitivity (44%). Their potential to 

predict high-grade dysplasia or malignancy is limited (sensitivity 49%, specificity 51%). 

[64] 

1.5.11.4. Other Genetic Markers 

Additional mutations, including alterations in CDKN2A, PIK3CA, SMAD4, and TP53, 

exhibit low sensitivity but very high specificity for the detection of mucinous 

differentiation, high-grade dysplasia, or invasive carcinoma. Reported sensitivities for 

mucinous cysts are 6%, 11%, 4%, and 16%, respectively, with corresponding specificities 

of 99%, 100%, 98%, and 99%. For the identification of advanced neoplasia, sensitivities 

range from 9% to 42% with specificities between 95% and 98%. [64] 

1.6. Additional Diagnostic Techniques for Pancreatic Cystic Lesions 

1.6.1. EUS-Guided Through-the-Needle Biopsy (EUS-TTNB) 

EUS-TTNB employs a microforceps introduced through a 19-gauge FNA needle, 

enabling histological sampling of the cyst wall, septa, or mural nodules. Currently 

available devices have jaw opening widths of 3.2 mm and 4.3 mm. The principal 

indication is the evaluation of morphologically indeterminate cystic lesions in which 

imaging, EUS-FNA cytology, and cyst fluid analysis fail to establish a definitive 

diagnosis, particularly in unilocular or oligocystic lesions such as SCAs, MCNs, IPMNs, 

and cystic neuroendocrine tumors. A further indication is risk stratification of IPMNs by 

assessing the grade of dysplasia or the presence of invasive carcinoma. [71] 

EUS-TTNB specimens are also suitable for DNA sequencing, allowing integrated 

histological and molecular characterization. [71,72] In a network meta-analysis, Li et al. 

demonstrated superior diagnostic performance of EUS-TTNB compared with other 

modalities, with pooled sensitivity and specificity of 87% and 83% for mucinous cysts, 

and 97% and 95% for malignancy, respectively. [73] Contraindications include cysts 

smaller than 15 mm and clinical situations in which the results would not alter 

management. IPMNs require careful selection due to a higher complication rate. A large 

multicenter retrospective study reported an overall adverse event rate of 11.5%, including 

intracystic hemorrhage, acute pancreatitis, infection, and abdominal pain; three fatal 
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outcomes among 506 patients were documented (two from pancreatitis and one from 

sepsis). [74] 

1.6.2. Endoscopic Ultrasound-Guided Needle-Based Confocal Laser 

Endomicroscopy (EUS-nCLE) 

Needle-based confocal laser endomicroscopy enables real-time in vivo microscopic 

imaging of cyst epithelium. A 0.85-mm diameter miniprobe (Cellvizio AQ-Flex) is 

introduced through a standard 19-gauge FNA needle, providing a field of view of 325 µm 

at a resolution of 3.5 µm and an imaging depth of 40–70 µm. Following cyst puncture, 

the probe is positioned against the cyst wall, and 2.5 mL of 10% fluorescein is 

administered intravenously to permit contrast imaging. Video sequences are recorded for 

up to 10 minutes, after which cyst fluid is obtained for biochemical, cytological, and 

molecular analyses. Antibiotic prophylaxis is routinely administered prior to the 

procedure. [75,76] 

Distinct nCLE patterns correspond to specific cyst types. A superficial vascular network 

is characteristic of serous cystadenomas; papillary projections or thick epithelial bands 

indicate mucinous cysts such as IPMN or MCN; and pseudocysts show an avascular, 

paucicellular fibrous wall appearing as a dark background. Reported diagnostic 

performance includes a sensitivity of 87% and specificity of 91% for mucinous cysts, and 

81% and 98% for malignancy, respectively. [73] Limitations of the technique include high 

cost, limited availability, and a substantial learning curve. Complications comprise acute 

pancreatitis, intracystic bleeding, infection, and fluorescein-related adverse reactions, 

with pancreatitis being the most frequent (incidence 1.3%–12%). [76] 

 

 

 

 

 

 

 



 

29 
 

2. OBJECTIVES 

 

2.1. Diagnostic performance of intracystic carcinoembryonic antigen (CEA) versus 

glucose in the differentiation of mucinous and non-mucinous pancreatic cysts 

The objectives of this study were: 

• To determine and compare the sensitivity, specificity, positive predictive value, 

and negative predictive value of intracystic CEA and glucose levels in 

distinguishing mucinous from non-mucinous pancreatic cystic lesions. 

• To evaluate the clinical utility of intracystic glucose measurement as a biomarker 

for the identification of mucinous pancreatic cysts. 

2.2. Clinical benefits of KRAS and GNAS mutation analysis in addition to 

morphology and conventional cyst fluid testing for the characterization of 

pancreatic cysts 

The objectives of this study were: 

• To assess the sensitivity, specificity, positive predictive value, and negative 

predictive value of intracystic KRAS and GNAS mutational analysis for the 

identification of mucinous pancreatic cystic lesions. 

• To compare the diagnostic performance of genetic analysis with conventional 

diagnostic parameters, including cyst morphology, cyst fluid viscosity, and 

intracystic CEA and glucose measurement 

• To assess the usefulness of KRAS and GNAS testing in clinical practice 
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3. METHODS 

 

3.1. Study design 

Two prospective observational studies investigating the diagnostic value of cyst fluid 

biomarkers and molecular testing in pancreatic cystic lesions (PCLs) were conducted at 

the Department of Surgery, Transplantation and Gastroenterology, Semmelweis 

University, Budapest. The first study evaluated the diagnostic efficacy of intracystic 

carcinoembryonic antigen (CEA) and glucose in differentiating mucinous and non-

mucinous pancreatic cysts and was conducted between September 2020 and December 

2023. The second study evaluated the clinical utility of KRAS and GNAS mutational 

analysis in addition to cyst morphology and conventional cyst fluid testing and was 

performed between April 2022 and July 2025. 

Both studies were approved by the Ethics Committee of Semmelweis University 

(approval number: 1121-1/2020/EKU). Written informed consent was obtained from all 

participants prior to endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA). 

Clinical data, imaging reports, laboratory results, cytology, pathology, molecular 

analyses, and surgical records were collected in a prospective manner and documented 

systematically.  

3.2. Inclusion and exclusion criteria 

Adult patients (>18 years) with pancreatic cystic lesions of uncertain etiology were 

eligible for inclusion if EUS-FNA and cyst fluid analysis were expected to influence 

clinical management, particularly in differentiating mucinous from non-mucinous cysts 

or in identifying advanced neoplasia. 

In the biomarker study, only cysts in which both intracystic CEA and glucose 

measurements were successfully obtained were included. 

In the molecular study, patients were enrolled if cyst fluid analysis, including 

KRAS/GNAS testing, was considered clinically relevant for risk stratification or 

therapeutic decision-making. 
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Exclusion criteria in both studies comprised contraindications to endoscopy or FNA, cysts 

with unequivocal radiological features of invasive malignancy, and cases in which a 

consensus final diagnosis could not be established by expert review. 

Final cyst diagnoses were determined retrospectively by three experienced 

gastroenterologists using all available clinical, imaging, biochemical, cytological, and 

(when available) histopathological data. In the first study, assessors were blinded to 

glucose results; in the second study, they were blinded to KRAS/GNAS findings. This 

composite clinical diagnosis served as the reference standard in cases without histology 

or definitive cytology.  

3.3.  Endoscopic ultrasound (EUS) 

All EUS examinations were performed by two expert endosonographers with extensive 

experience in pancreatic imaging, using a UCT-180 linear echoendoscope connected to 

an EU-ME2 Premium ultrasound processor (Olympus GmbH, Hamburg, Germany). Only 

cysts measuring at least 15 mm were sampled in the molecular study, whereas no 

minimum size threshold was applied in the biomarker study. 

During EUS, the following parameters were systematically recorded: 

• cyst location, size, and number 

• cyst contour and lobularity 

• cyst wall thickness 

• presence of septations, mural nodules, or associated solid components 

• main pancreatic duct diameter 

• ductal communication 

• presence of regional lymphadenopathy 

Fine-needle aspiration was performed using 19-, 22-, or 25-gauge EchoTip Ultra needles 

(Cook Medical, USA). In a limited number of cases, alternative 22-gauge needles (Micro-

Tech Areus or Trident, China) were used. Aspiration was carried out with negative 

pressure using a 10-mL syringe. No procedure-related complications were observed in 

either cohort. 
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3.4.  CT and MRI morphology 

All patients underwent contrast-enhanced multidetector computed tomography (MDCT) 

and/or magnetic resonance imaging with magnetic resonance cholangiopancreatography 

(MRI/MRCP) prior to EUS-FNA. The same morphological criteria used during EUS 

evaluation were applied to cross-sectional imaging for cyst characterization. Imaging 

studies were independently reviewed by experienced radiologists and pancreatologists. In 

cases suspected of premalignant or malignant disease, findings were additionally 

discussed in a multidisciplinary pancreatic tumor board. 

3.5.  Conventional cyst fluid analysis 

3.5.1.  String sign 

Cyst fluid viscosity was assessed using the string sign test. A drop of the obtained cyst 

fluid was placed between the thumb and index finger, and the fingers were slowly 

separated while measuring the maximal length of the fluid strand before rupture. [21,53] 

In the first study, the test was considered positive if the strand reached at least 3–4 mm 

and persisted for ≥1 second. 

In the second study, a stricter criterion was applied, defining positivity as a strand length 

of ≥5 mm lasting for ≥1 second. 

3.5.2. Cytology 

Cytological evaluation was performed at the Department of Pathology, Forensic and 

Insurance Medicine, Semmelweis University, Budapest. Air-dried smears stained with 

hematoxylin–eosin and Papanicolaou technique were used. 

Samples were assessed for: 

• malignant cells or cellular atypia 

• mucin-producing epithelial cells 

• glycogen-rich cells 

• inflammatory cells 

• extracellular mucin 



 

33 
 

3.5.3.  CEA and Glucose 

Cyst fluid samples were immediately transported to the clinical laboratory and processed 

within four hours. CEA concentrations were measured by electrochemiluminescence 

using enzyme-labeled sandwich immunoassays, while glucose levels were determined 

spectrophotometrically using Hexokinase. 

In both studies, the standard cut-off values were applied: 

• CEA: >192 ng/mL to indicate mucinous cysts [77] 

• Glucose: <50 mg/dL (2.8 mmol/L) to indicate mucinous cysts [78] 

At least 1 mL of fluid was required for combined biochemical testing in the molecular 

study. 

3.5.4.  Amylase 

Intracystic amylase levels were measured when sufficient fluid volume was available. An 

amylase concentration below 250 U/L was used to exclude pancreatic pseudocysts. 

3.6. KRAS/GNAS mutational analysis 

Molecular testing was performed at the Department of Pathology, Forensic and Insurance 

Medicine, Semmelweis University, Budapest, results were interpreted by molecular 

pathologists blinded to clinical, imaging, cytological, and biochemical data. A minimum 

of 0.5 mL of cyst fluid was used for analysis. DNA was extracted using the HighPur PCR 

Template Kit (Roche). Exon 2 of the KRAS gene (NM_004985.5) and exon 8 of the 

GNAS gene (ENST00000371085.8) were amplified with intronic sequence-specific 

primers. Bidirectional Sanger sequencing was conducted using the BigDye® Terminator 

v1.1 Cycle Sequencing Kit, followed by purification with the BigDye® XTerminator™ 

kit and analysis on a SeqStudio Genetic Analyzer (Thermo Fisher Scientific). During the 

initial phase, only KRAS testing was performed; subsequently, combined KRAS and 

GNAS analysis was implemented.  

3.7. Follow-up 

In the biomarker study, the mean follow-up duration was 921 days. 
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In the molecular study, patients were followed until July 2025, with a median follow-up 

of 252 days (range: 80–751 days). 

Follow-up data included clinical status, imaging findings, surgical outcomes when 

applicable, and disease progression. 

3.8. Statistical analysis 

All statistical analyses were conducted using IBM SPSS Statistics version 25, GraphPad 

Prism (version 10.6.1), and Microsoft Excel (Microsoft 365). Normality of continuous 

variables was evaluated using the Anderson–Darling, D’Agostino–Pearson, Shapiro–

Wilk, and Kolmogorov–Smirnov tests. Comparisons between groups were performed 

using the independent two-sample Student’s t-test when data followed a normal 

distribution. In cases where normality assumptions were not met, the Mann–Whitney U 

test was applied. Categorical variables were analyzed using the chi-square (χ²) test or, 

when expected frequencies were below five, Fisher’s exact test was used instead. 

Continuous variables were presented as mean ± standard deviation or median with 

range/interquartile range, depending on distribution characteristics. All statistical tests 

were two-tailed, and p value below 0.05 was interpreted as statistically significant. 

[79,80] 

3.9. Language editing 

Language editing was performed with the assistance of an AI-based language tool 

(ChatGPT, OpenAI, San Francisco, CA, USA). 
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4. RESULTS 

 

4.1. Diagnostic performance of intracystic carcinoembryonic antigen (CEA) versus 

glucose in the differentiation of mucinous and non-mucinous pancreatic cysts 

Pancreatic cyst fluid samples were obtained from 97 patients and analyzed for cytology, 

amylase activity, CEA, and glucose concentrations. Six cases were excluded from the 

final analysis: four due to clear evidence of cyst infection based on cytological and/or 

microbiological findings, and two because of marked blood contamination detected by 

macroscopic inspection, as these conditions may lead to falsely altered glucose and CEA 

measurements. Consequently, 91 patients were included in the final cohort. 

Among these patients, 28 (30.8%) were male and 63 (69.2%) were female. Patients with 

mucinous cystic lesions were significantly older than those with non-mucinous cysts 

(median age, 72.4 years [IQR, 65.95–76.58] vs. 56.4 years [IQR, 42.6–71.2], 

respectively; p < 0.0001). The median cyst diameter measured by endoscopic 

ultrasonography was 28 mm in the mucinous group and 38 mm in the non-mucinous 

group, showing a trend toward larger lesions in the latter group (p = 0.054).  

Regarding morphology, 43 cysts were unilocular and 48 were multilocular. Anatomical 

distribution revealed 28 cysts in the uncinate process or pancreatic head, 59 in the 

pancreatic body, and 4 in the tail. Detailed demographic and morphological characteristics 

are summarized in Table 2. 
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 Table 2. Population demographics and cyst characteristics 

 

 

Definitive diagnosis was established by postoperative histopathology in 13 patients 

(14.3%) and by conclusive cytological examination of cyst fluid in 5 cases (5.5%). For 

the remaining patients, the reference diagnosis was based on integrated clinical follow-

up, cross-sectional and EUS morphology, cytological features, and string sign testing. 

Final classification was determined by consensus among three experienced 

pancreatologists. Reference standards are presented in Table 3. 

Table 3. Reference standards 

 

Overall, 52 cysts were classified as mucinous, including 33 intraductal papillary 

mucinous neoplasms (IPMN), 12 mucinous cystic neoplasms (MCN), and 7 pancreatic 

adenocarcinomas. The remaining 39 lesions were non-mucinous: 21 pseudocysts, 16 

Parameter Mucinous Non-mucinous p-value 

Male, n (%) 18 (35) 10 (26)  

Female, n (%) 34 (65) 29 (74)  

Age, median (IQR) 72.4 (65.95-76.58) 56.4 (42.6-71.2) <0.0001 

Cyst characteristics Mucinous Non-mucinous p-value 

Localization of the largest 

cyst, n, (%) 

   

Uncinate process 3 (6) 0(0)  

Head 12(23) 13(33)  

Genu of pancreas 8(15) 8(21)  

Body 16 (30) 14 (36)  

Body-tail border 11 (21) 2 (5)  

Tail 2 (4) 2 (5)  

Largest cyst diameter (mm) 28 (24–32) 38 (25–41) 0.054 

Unilocular, n (%) 24 (46) 19 (49)  

Multilocular, n (%) 28 (54) 20 (51)  

 
Mucinous  Non-mucinous  

Diagnosis based on Number of cysts (%) Number of cysts (%) 

Follow up, Imaging 37 (71) 36 (92) 

Postoperative histopathology 12 (23) 1 (3) 

EUS guided FNA – definitive cytopathology 3 (6) 2 (5) 
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serous cystic neoplasms (SCN), one neuroendocrine tumor, and one lymphoepithelial 

cyst.  Diagnostic categories are presented in Table 4. 

Table 4. Diagnostic categories 

Diagnosis Mucinous n (%) Non-mucinous n (%) 

IPMN 33 (63.5) — 

MCN 12 (23) — 

Adenocarcinoma 7 (13.5) — 

Serous cystic neoplasm — 16 (41) 

Pseudocyst — 21 (54) 

Neuroendocrine tumor — 1 (2.5) 

Lymphoepithelial cyst — 1 (2.5) 

 

Median intracystic CEA concentration was 449.5 ng/mL (IQR: 58.23–1785) in mucinous 

cysts and 3 ng/mL (IQR: 3–16.3) in non-mucinous cysts (p < 0.0001). Conversely, median 

glucose levels were markedly lower in mucinous lesions than in non-mucinous cysts (8.1 

mg/dL [IQR, 1.8–11.71] vs. 100.9 mg/dL [IQR, 55.86–115.3], respectively; p < 0.0001). 

Biomarker distributions are shown in Table 5.  

 Table 5. Biomarker distributions 

 

Using a cut-off value of 192 ng/mL, elevated CEA levels were observed in 36 of 52 

mucinous cysts, corresponding to a sensitivity of 69.2% for identifying mucinous lesions. 

In contrast, intracystic glucose concentrations below 50 mg/dL were detected in 50 of 52 

mucinous cysts, yielding a sensitivity of 96.2%. 

Parameter         Mucinous    Non-mucinous          p-value 

CEA (cut-off: 192 

ng/mL) 

   

Median (IQR), ng/mL 449.5 (58.23-1785) 3 (3-16.3) <0.0001 

Elevated / non-

elevated, n 

36 / 16 0/ 39  

Glucose (cut-off: 50 

mg/dL) 

   

Median (IQR), mg/dL 8.1 (1.8-11.71) 100.9 (55.86-115.3) <0.0001 

Elevated / non-

elevated, n 

2 / 50 31 / 8  

CEA or glucose 

positive 

52 / 0 8 / 31  

Amylase (cut-off: 250 

IU/L) 

   

Median (IQR), IU/L 2445 (1011–8825) 10360 (173–52800)  
Elevated / non-

elevated, n 

40 / 12 23 / 16  
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CEA demonstrated perfect specificity (100%), whereas glucose showed a specificity of 

79.5%. When combining both biomarkers (CEA >192 ng/mL and/or glucose <50 mg/dL), 

diagnostic sensitivity increased to 100%, although specificity decreased compared with 

CEA alone (79.5% vs. 100%). 

Diagnostic performance metrics, including positive and negative predictive values, are 

shown in Table 6. [79] 

Table 6. Diagnostic performance 

 

 

4.2. Clinical benefits of KRAS/GNAS gene mutation analysis in addition to 

morphology and conventional cyst fluid testing in differentiating pancreatic cysts 

The study cohort comprised 47 patients (15 men and 32 women) with a broad spectrum 

of pancreatic cystic lesions. Thirty-three lesions (70.2%) were classified as mucinous, 

including 24 intraductal papillary mucinous neoplasms (IPMNs), five mucinous cystic 

neoplasms (MCNs), and four pancreatic ductal adenocarcinomas with cystic morphology. 

Fourteen cysts (29.8%) were non-mucinous, consisting of five pseudocysts or walled-off 

necroses (WONs), eight serous cystic neoplasms (SCNs), and one cystic neuroendocrine 

tumor (cNET). Twenty-six cysts were unilocular and twenty-one were multilocular. The 

median diameter of the largest cyst was 35.5 mm (IQR 25.0–48.5). Baseline demographic 

and morphological characteristics are summarized in Table 7. 

 

 

 

 

 

Parameter CEA Glucose CEA + Glucose 

Sensitivity 69.2% 96.2% 100% 

Specificity 100% 79.5% 79.5% 

PPV 100% 86.2% 86.7% 

NPV 70.9% 93.9 % 100% 
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Table 7. Patient and cyst characteristics 

Parameter All (n=47) Mucinous (n=33) Non-mucinous 

(n=14) 

p-value 

Gender – Male, n (%) 15 (31.9%) 13 (39.4%) 2 (14.3%) 0.17 

Gender – Female, n 

(%) 

32 (68.1%) 20 (60.6%) 12 (85.7%)  

Age, mean (± SD) 

(years) 

65.8 (±14.8) 68.7 (±14.7) 58.9 (±13.1) 0.04 

Localization – 

Uncinate process 

1 (2.1%) 1 (3.0%) 0 (0.0%)  

Localization – Head 20 (42.6%) 13 (39.4%) 7 (50.0%)  

Localization – Genu 7 (14.9%) 4 (12.1%) 3 (21.4%)  

Localization – Body 14 (29.8%) 11 (33.3%) 3 (21.4%)  

Localization – Body–

tail border 

2 (4.3%) 2 (6.1%) 0 (0.0%)  

Localization – Tail 3 (6.4%) 2 (6.1%) 1 (7.1%)  

Largest cyst diameter, 

median (IQR), mm 

35.5 (25.0– 

48.5)   

32.0 (25.0-41.0) 47.5 (24.0-67.0) 0.11 

Unilocular cyst, n (%) 26 (55.3%) 18 (54.5%) 8 (57.1%)  

Multilocular cyst, n 

(%) 

21 (44.7%) 15 (45.5%) 6 (42.9%)  

 

Histopathological confirmation was available in four patients (8.5%), revealing one 

pancreatic intraepithelial neoplasia (panIN) with high-grade dysplasia, one IPMN with 

low-grade dysplasia, one IPMN with high-grade dysplasia, and one MCN. Definitive 

cytological diagnosis was established in five additional cases (10.6%), including four 

adenocarcinomas and one cNET, all of which were unresectable or surgery was declined.  

The remaining 38 cysts (80.9%) were classified on the basis of a composite reference 

standard incorporating cross-sectional imaging, EUS morphology, cytology, string sign, 

and intracystic CEA and glucose levels (Figure 8). 

 



 

40 
 

Figure 8. Diagnostic strategy 

 

 

Material for cytological evaluation was obtained in 45 patients (95.7%), with sample 

quality rated as satisfactory in 48.8%, suboptimal in 37.7%, and unsatisfactory in 13.3%. 

Intracystic CEA and glucose concentrations were available in 36 (76.6%) and 37 (78.7%) 

patients, respectively. In eight cases, biomarker measurement was intentionally omitted 

because imaging strongly suggested IPMN or cystic adenocarcinoma, and in three cases 

CEA assessment was technically unsuccessful.  

KRAS mutational analysis was successfully performed in all 47 patients, whereas GNAS 

testing was available in 28 cases. KRAS mutations were detected in 14 of 33 mucinous 

cysts, corresponding to a sensitivity of 42.4% (95% CI: 27.2–59.2), while only one non-

mucinous lesion harbored a KRAS mutation, yielding a specificity of 92.9% (95% CI: 

68.5–99.6). Activating GNAS mutations were identified in 10 of 23 mucinous cysts tested 

(sensitivity 43.5 %, 95% CI: 25.6–63.2), and in none of the non-mucinous lesions, 

resulting in a specificity of 100% (95% CI: 56.6–100). Detailed results of the mutational 

analyses are presented in Table 8, and the corresponding diagnostic performance indices 

are summarized in Table 9. 
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Table 8. Results 

 

Table 9. Results 

 

Among the six mucinous lesions with histologically or cytologically confirmed high-

grade dysplasia or invasive carcinoma, KRAS mutations were present in five cases 

(83.3%), whereas GNAS mutations were detected in two of the five patients in whom 

GNAS analysis was available (40%). No KRAS or GNAS alterations were identified in 

the single cystic neuroendocrine tumor. 

In terms of clinical impact, molecular testing influenced patient management in some 

cases. In one patient, conventional diagnostic modalities suggested a serous cystic 

neoplasm; however, the detection of a KRAS mutation raised the suspicion of a mucinous 

etiology, leading to intensified surveillance and consideration of repeat EUS-FNA in the 

event of morphological progression. Furthermore, in two additional patients in whom 

CEA measurement was unsuccessful, the presence of oncogenic mutations supported the 

diagnosis of mucinous cysts.  

Cyst Type All Mucinous Non-mucinous 

K-ras 
   

wild 32 (68.1%) 19 (57.6%) 13 (92.9%) 

mutant 15 (31.9%) 14 (42.4%) 1 (7.1%) 

GNAS 
   

wild 18 (38.3%) 13 (39.4%) 5 (35.7%) 

mutant 10 (21.3%) 10 (30.3%) 0 (0.0%) 

not analyzed 19 (40.4%) 10 (30.3%) 9 (64.3%) 

K-Ras value (95% CI) 

Sensitivity 0.4242 0.2724 to 0.5919 

Specificity 0.9286 0.6853 to 0.9963 

Positive Predictive Value 0.9333 0.7018 to 0.9966 

Negative Predictive Value 0.4063 0.2552 to 0.5774 

   

GNAS value (95% CI) 

Sensitivity 0.4348 0.2563 to 0.6319 

Specificity 1.0 0.5655 to 1.000 

Positive Predictive Value 1.0 0.7225 to 1.000 

Negative Predictive Value 0.2778 0.1250 to 0.5087 
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In these cases, molecular results complemented, rather than replaced other diagnostic 

features such as cyst morphology, string sign, and cytology, illustrating the added value 

of KRAS/GNAS analysis as part of a multimodal diagnostic approach.[80] 
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5. DISCUSSION 

 

5.1. Diagnostic performance of intracystic carcinoembryonic antigen (CEA) versus 

glucose in the differentiation of mucinous and non-mucinous pancreatic cysts 

The increasing use of cross-sectional abdominal imaging has led to a rising detection rate 

of incidentally identified pancreatic cystic lesions, many of which are asymptomatic. 

Given the heterogeneous malignant potential of these entities, accurate risk stratification 

and identification of lesions requiring surveillance or surgical intervention are of major 

clinical importance. At present, a definitive diagnosis can usually be established only by 

postoperative histopathology or by cytological confirmation of adenocarcinoma or 

neuroendocrine tumor from cyst fluid. However, no single diagnostic modality, nor any 

combination of currently available techniques, provides fully reliable discrimination 

across all cyst subtypes. 

Current international guidelines recommend categorizing pancreatic cystic lesions into 

mucinous and non-mucinous groups, as mucinous lesions are considered premalignant 

and therefore warrant long-term surveillance or resection depending on risk features. 

[19,27,33] Routine clinical evaluation relies on patient history (including previous 

pancreatitis), cross-sectional imaging (CT and MRI/MRCP), and endoscopic ultrasound 

with fine-needle aspiration (EUS-FNA) and cyst fluid analysis. In cases of uncertain 

etiology, MRI/MRCP is considered the preferred imaging technique; nevertheless, its 

diagnostic accuracy for establishing a specific cyst type ranges widely from 20% to 86%, 

while accuracy for differentiating benign from malignant lesions is only 56%–76% 

according to systematic review data. [81] 

A major benefit of EUS is the ability to acquire cyst fluid for biochemical and cytological 

analysis. When imaging findings are inconclusive and results are expected to influence 

management, guidelines recommend cytology, amylase, and CEA measurement. 

[19,27,33] Amylase levels are primarily useful for excluding pseudocysts when values 

are below 250 U/L. Cytology demonstrates high specificity (approximately 89%) but 

limited sensitivity (around 46%) for the detection of mucinous cysts. [73] Meta-analyses 

evaluating cyst fluid biomarkers have reported sensitivities of 56%–67% and specificities 

of 80%–96% for CEA at the conventional cut-off value of 192 ng/mL, whereas glucose 
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at a cut-off of 50 mg/dL shows markedly higher sensitivity (around 91%) with specificity 

between 75% and 86%. [65,66,82] 

The optimal diagnostic threshold for intracystic glucose remains controversial. Zamir et 

al. proposed a cut-off of 87 mg/dL (4.8 mmol/L), achieving a sensitivity of 90.9% and a 

specificity of 83.3% in a cohort of 101 samples. [83] In contrast, Smith et al. reported 

favorable diagnostic performance using a substantially lower threshold of 25 mg/dL (1.4 

mmol/L), with sensitivity of 88.1% and specificity of 91.2% in 93 cysts. [84]. In the 

present study, we applied the widely adopted cut-off value of 50 mg/dL (2.8 mmol/L). 

Intracystic glucose measurement was first highlighted by Park et al. in 2013 as a 

promising biomarker for identifying mucinous cystic lesions. [85] Despite accumulating 

evidence over more than a decade, this method has not been incorporated as diagnostic 

standard into previous international guidelines. In contrast, the 2024 Kyoto Guideline 

acknowledges glucose as a useful marker [33], and more recently, the European Society 

of Gastrointestinal Endoscopy (EGSE), in a 2025 technical review suggests the use of 

intracystic glucose level measurement over CEA for the diagnosis of mucinous cysts. [86] 

Compared with CEA, glucose measurement offers several methodological advantages: 

while CEA assays are validated primarily for serum and demonstrate inter-laboratory 

variability in cyst fluid, glucose determination is standardized across multiple biological 

fluids and shows excellent reproducibility. [87]. Moreover, glucose analysis requires a 

substantially smaller sample volume (approximately 50 µL versus ≥200 µL for CEA). 

[65] The availability of point-of-care glucometers further enables immediate on-site 

testing, facilitating rapid clinical decision-making during EUS procedures. [66] 

In this prospective single-center study, we directly compared the diagnostic performance 

of CEA and glucose for identifying mucinous pancreatic cystic lesions. CEA 

demonstrated a sensitivity of 69.2% and a specificity of 100%, whereas glucose exhibited 

markedly higher sensitivity (96.2%) but lower specificity (79.5%). Combining the two 

biomarkers (CEA >192 ng/mL or glucose <50 mg/dL) increased sensitivity to 100%, 

although specificity was reduced compared with CEA alone (79.5% vs. 100%). These 

findings are consistent with previous reports highlighting the superior sensitivity of 

intracystic glucose for the detection of mucinous cysts. 



 

45 
 

From a pathophysiological perspective, reduced glucose concentrations in mucinous cyst 

fluid are thought to reflect increased metabolic consumption by mucin-producing 

epithelial cells. [88] Infectious processes can similarly lower glucose levels due to 

bacterial utilization [89]; therefore, cysts with microbiological or cytological evidence of 

infection were excluded from the present analysis to avoid confounding. 

The prospective design and standardized assessment represent strengths of this study. The 

single-center setting may also be advantageous for investigations involving operator-

dependent procedures such as EUS, as it limits interobserver variability. All examinations 

were performed by two experienced endosonographers, with additional independent 

evaluation by a third gastroenterologist. 

Nevertheless, several limitations must be acknowledged. Histological confirmation was 

available in only 14.3% of cases, and definitive cytological diagnosis of adenocarcinoma 

or neuroendocrine tumor in 5.5%. The majority of lesions were classified based on 

imaging, cyst fluid characteristics, and clinical follow-up, which may reduce diagnostic 

certainty. However, population-based data indicate that the prevalence of malignancy at 

initial detection is approximately 0.25%, with an annual conversion rate to invasive 

cancer of 0.24%, and only about 15% of surgically resected cysts prove malignant. [90] 

Thus, the limited availability of histology reflects real-world clinical practice, where most 

cysts are managed conservatively and cytology rarely yields definitive results. A further 

limitation is the relatively short mean follow-up period of 921 days, which may be 

insufficient to capture late malignant transformation. 

When compared with emerging diagnostic approaches, such as cyst fluid mutational 

analysis or advanced “through-the-needle” techniques, intracystic glucose measurement 

may appear less sophisticated. Genetic testing for KRAS and GNAS mutations can 

identify mucinous cysts with high specificity, and European guidelines suggest 

considering such analysis when diagnostic uncertainty is likely to influence management. 

[27] However, despite modest sample volume requirements (0.2–0.5 mL), DNA yield 

may be inadequate in some cases. [89,90] In addition, mutational analysis remains costly 

and requires specialized infrastructure and expertise. Confocal laser endomicroscopy and 

through-the-needle biopsy demonstrate superior diagnostic accuracy [73] but are 
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associated with higher costs, increased complication rates, and a significant learning 

curve, limiting their routine application. 

In summary, our findings support intracystic glucose as a simple, inexpensive, and highly 

sensitive biomarker for identifying mucinous pancreatic cystic lesions. Diagnostic 

performance can be further enhanced when combined with CEA measurement. Despite 

growing evidence, glucose remains underutilized in daily practice. Large-scale, 

prospective, multicenter studies are warranted to confirm its clinical utility and to support 

its inclusion in future international guidelines. 

5.2. Clinical benefits of KRAS/GNAS gene mutation analysis in addition to 

morphology and conventional cyst fluid testing in differentiating pancreatic cysts 

The differential diagnosis of pancreatic cystic lesions (PCLs) remains a major clinical 

challenge and is likely to continue to be so in the foreseeable future. Certain cyst types, 

particularly intraductal papillary mucinous neoplasms (IPMNs) and mucinous cystic 

neoplasms (MCNs), carry a relevant risk of malignant transformation, whereas others 

may already represent invasive carcinoma at the time of detection. In contrast, the 

majority of incidentally discovered, asymptomatic pancreatic cysts are benign, and the 

overall risk of malignant progression is low. [90] Underestimation of malignant potential 

may result in delayed diagnosis of pancreatic cancer, while overestimation may lead to 

unnecessary surveillance, substantial healthcare costs, and avoidable morbidity and 

mortality associated with unwarranted surgical resection. Accordingly, the diagnostic 

work-up of PCLs focuses first on differentiating mucinous from non-mucinous lesions 

and, subsequently, on identifying features associated with high-grade dysplasia or 

malignancy. 

In current clinical practice, cyst characterization relies on a multimodal strategy including 

cross-sectional imaging (CT, MRI/MRCP), endoscopic ultrasound (EUS) morphology, 

assessment of the string sign, and analysis of cyst fluid cytology and carcinoembryonic 

antigen (CEA) levels. In recent years, molecular analysis of pancreatic cyst fluid has 

emerged as a promising adjunctive diagnostic modality. DNA obtained from cyst fluid 

allows detection of specific somatic mutations that may assist in defining cyst lineage 

and, potentially, neoplastic grade. For example, von Hippel–Lindau (VHL) mutations are 

highly specific for serous cystadenomas, although their sensitivity is limited to 
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approximately 50%. [64] Regarding mucinous lesions, combined testing of KRAS and 

GNAS mutations has shown encouraging diagnostic accuracy. A meta-analysis by 

McCarty et al. including 785 lesions reported a sensitivity of 75% and a specificity of 

99% for detecting mucinous cysts using combined KRAS/GNAS mutational analysis. 

[82] Similar results were obtained in a network meta-analysis by Li et al., which 

demonstrated a sensitivity of 77% and a specificity of 93% when histopathology was used 

as the reference standard. [73] Furthermore, accumulating evidence indicates that GNAS 

mutations are highly specific for IPMNs. [93–95] 

Recommendations regarding the clinical use of molecular testing have evolved over time. 

The revised Fukuoka Guidelines in 2017 considered cyst fluid molecular analysis 

investigational and suggested its use only in specialized centers. [31] The 2018 American 

Gastroenterological Association guideline described molecular diagnostics as an 

emerging research field with uncertain clinical utility [19]. In contrast, the European 

evidence-based guidelines published in the same year already recommended considering 

genetic testing for KRAS and GNAS mutations in cases with indeterminate diagnosis 

when the result could influence clinical management (evidence level 2C, strong 

agreement). [27] Most recently, the 2024 Kyoto consensus guidelines on IPMN 

management have further strengthened the role of cyst fluid genetic markers, endorsing 

their use for cyst type classification and for identifying high-grade dysplasia or invasive 

carcinoma. [33] 

In the present prospective study, we assessed the clinical utility of KRAS and GNAS 

mutation analysis in the differentiation of pancreatic cystic lesions. The sensitivity of 

KRAS and GNAS for identifying mucinous cysts was 42.4% and 43.5%, respectively, 

while specificity reached 92.9% for KRAS and 100% for GNAS. Several limitations must 

be acknowledged. The cohort size was modest, and only a minority of lesions had a 

definitive diagnosis based on surgical histology (8.5%) or conclusive cytology for 

adenocarcinoma or neuroendocrine tumor (10.6%). Initial classification relied on cross-

sectional imaging and EUS, particularly on the assessment of ductal communication, 

assuming the high diagnostic accuracy of MRCP and EUS for this purpose. [51] Final 

diagnosis was refined using cyst fluid viscosity, cytology, CEA, and glucose levels, which 

together were considered a composite reference standard. While this approach reflects 

everyday clinical practice and includes cysts with diverse size, morphology, and etiology, 
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it inevitably carries the risk of misclassification, especially when one or more parameters 

are unavailable or inconclusive. In our cohort, cytology was absent or non-diagnostic in 

17.6% of cases, and CEA and glucose measurements were unsuccessful or not performed 

in 23.4% and 21.3%, respectively. Furthermore, KRAS analysis was initially performed 

alone, with combined KRAS/GNAS testing introduced only later. The relatively low 

sensitivity observed in our study compared with previous reports [73,82] may in part be 

explained by the use of Sanger sequencing rather than next-generation sequencing (NGS), 

which has a lower limit of mutation detection. [91] 

Despite these limitations, molecular testing influenced clinical management in selected 

cases. In one patient, conventional assessment suggested a non-mucinous lesion, yet 

detection of a KRAS mutation—given the high specificity of this alteration for mucinous 

neoplasia—prompted reclassification and closer surveillance with the option of repeat 

EUS-FNA. In two additional patients, CEA measurement was not feasible, whereas 

genetic testing supported a mucinous diagnosis. As molecular analysis requires only a 

small volume of cyst fluid and is less affected by high viscosity, it may provide valuable 

complementary information when standard biochemical assays are inconclusive. For this 

reason, storage of frozen cyst fluid for potential future genetic analysis appears justified 

in selected cases. 

The clinical value of KRAS/GNAS testing remains debated. Several studies have reported 

limited incremental benefit over conventional diagnostics. Mack et al. found 

KRAS/GNAS mutations in only 12% of cysts with low CEA levels and concluded that 

molecular testing had restricted impact on management [96]. Similarly, Faias et al. 

observed clinically relevant reclassification in only two of 52 cases following 

KRAS/GNAS analysis. [97] Herranz Pérez et al. analyzed cyst fluid samples from 36 

pancreatic cysts, including cytology, CEA, glucose, and a panel of genetic markers. 

Among the six lesions initially classified as non-mucinous based on conventional 

diagnostic criteria, KRAS and GNAS mutations were detected in two cases. As a 

consequence, these two cysts were reclassified as mucinous neoplasms and the follow-up 

strategy was modified accordingly. Thus, similarly to our findings, molecular analysis 

resulted in a change in clinical classification in only a limited number of cases, indicating 

a modest incremental diagnostic yield over standard morphological and biochemical 

assessment. [98] More favorable results have been published using NGS-based 
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techniques. Schmitz et al. demonstrated that KRAS/GNAS analysis by deep targeted NGS 

was superior to both cytology and CEA in identifying mucinous cysts [99], and Rahal et 

al., in a large single-center cohort of 933 patients, showed that the addition of genetic 

testing significantly improved the sensitivity of CEA for differentiating mucinous from 

non-mucinous lesions when histopathology served as the reference standard. [100] 

Discrepancies among studies likely reflect differences in sequencing methodology 

(Sanger vs. NGS or deep-targeted NGS) and in the applied reference standards. 

Our study is, to our knowledge, the first to compare KRAS/GNAS mutation analysis with 

an extended conventional diagnostic panel that also included the string sign and 

intracystic glucose measurement, in addition to morphology, cytology, and CEA. Given 

that the combination of glucose and CEA has been shown highly sensitive in identifying 

mucinous PCLs, the incremental diagnostic yield of KRAS/GNAS testing in this 

comprehensive setting appeared limited, with lower sensitivity than that of conventional 

multimodal assessment. Nevertheless, the very high specificity of these mutations may 

be particularly valuable in selected indeterminate cases and when standard biomarkers 

cannot be reliably measured. 

KRAS mutations were identified in 83% and GNAS mutations in 40% of cysts with 

histologically or cytologically confirmed high-grade dysplasia or malignancy in our 

cohort.  Although these findings are in line with previously published data, the number of 

cysts with high-grade dysplasia or invasive carcinoma in our cohort was limited, 

furthermore, KRAS and GNAS mutations per se are not suitable for distinguishing high-

grade dysplasia or invasive malignancy. Finally, while GNAS mutations are considered 

highly specific for IPMNs, this feature did not lead to diagnostic reclassification in our 

series; however, it may provide important supportive evidence when other diagnostic 

modalities yield inconclusive results. 
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6.    CONCLUSIONS 

 

6.1. Diagnostic performance of intracystic carcinoembryonic antigen (CEA) versus 

glucose in the differentiation of mucinous and non-mucinous pancreatic cysts 

• Measurement of intracystic glucose demonstrated a sensitivity of 96.2% and a 

specificity of 79.5% for the identification of mucinous pancreatic cystic lesions at 

a cut-off level of 50 mg/dL (2.8 mmol/L). 

• Compared with intracystic CEA (cut-off >192 ng/mL), glucose exhibited superior 

sensitivity but inferior specificity for the detection of mucinous pancreatic cystic 

lesions. 

• The highest diagnostic sensitivity was achieved by combining elevated intracystic 

CEA with reduced glucose levels. The specificity of the combined approach was 

higher than that of glucose alone but remained lower than that of CEA alone. 

• A limitation of the study is that final cyst classification was based predominantly 

on cross-sectional imaging, EUS morphology, cyst fluid viscosity, cytology, and 

clinical follow-up, with only a minority of cases confirmed by definitive cytology 

(adenocarcinoma or neuroendocrine tumor) or postoperative histology. 

Consequently, a degree of diagnostic uncertainty cannot be excluded in clinically 

classified cases. 

 

New findings:  

• Intracystic glucose measurement proved to be an easily accessible, inexpensive, 

and clinically useful biomarker in routine practice with an outstanding sensitivity 

in identifying mucinous cysts. Its main limitation is suboptimal specificity, which 

can be mitigated by combined interpretation with other parameters such as CEA 

and the string sign. 

 

6.2. Clinical benefits of KRAS/GNAS gene mutation analysis in addition to 

morphology and conventional cyst fluid testing in differentiating pancreatic cysts 

• In our cohort, KRAS mutation analysis showed a sensitivity of 42.4% and a 

specificity of 92.9% for identifying mucinous cystic lesions, while GNAS analysis 



 

51 
 

exhibited a sensitivity of 43.5% and a specificity of 100%. Overall, the diagnostic 

sensitivity of genetic testing was inferior to that of conventional cyst fluid 

analysis. 

 

New findings:  

• Owing to their high specificity, the detection of KRAS and/or GNAS mutations 

may provide supportive evidence for a mucinous etiology in diagnostically 

inconclusive cases. 

• KRAS/GNAS testing requires only a small volume of cyst fluid and can be 

performed even in highly viscous samples, representing a practical advantage in 

situations where CEA or glucose measurements are technically unsuccessful. 
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7.   SUMMARY 

 

Over the past decade, an increasing number of studies have consistently demonstrated 

that cyst fluid glucose represents a reliable, inexpensive, and widely accessible biomarker 

with superior sensitivity compared with the traditionally used carcinoembryonic antigen 

(CEA). The results of the first part of this work confirm these observations by showing 

that intracystic glucose measurement provides markedly higher sensitivity for the 

identification of mucinous pancreatic cysts than CEA, while CEA retains higher 

specificity. The combined application of the two markers further enhanced diagnostic 

sensitivity, albeit at the expense of some loss in specificity. Although advanced 

endoscopic techniques such as confocal laser endomicroscopy and through-the-needle 

biopsy offer higher overall diagnostic accuracy, their limited availability, higher cost, and 

increased procedural risk restrict their use to specialized centers and selected cases. Given 

its favorable analytical characteristics, minimal sample volume requirement, low cost, 

and potential for point-of-care testing, intracystic glucose determination represents a 

practical adjunct to conventional cyst fluid analysis, especially in centers without access 

to advanced endoscopic or molecular diagnostic modalities. 

In the second part of this work, the clinical contribution of KRAS and GNAS mutation 

analysis to the diagnostic work-up of pancreatic cystic lesions was evaluated in the 

context of conventional morphological and cyst fluid–based assessment. Although the 

sensitivity of these genetic alterations for identifying mucinous cysts was lower than that 

of the combined standard diagnostic approach, their very high specificity indicates that 

the presence of KRAS and/or GNAS mutations can provide strong supportive evidence 

for a mucinous origin in diagnostically uncertain cases. This may be of particular 

relevance when imaging, cytology, string sign, and biochemical markers yield discordant 

or equivocal results. From a practical perspective, molecular testing also offers technical 

advantages, as it can be performed from small-volume samples and is less influenced by 

high cyst fluid viscosity. However, the application of molecular testing is limited by its 

relatively high cost, the need for specialized laboratory infrastructure and expertise. 

Consequently, it should be considered a supplementary tool rather than a replacement for 

standard cyst fluid–based assessment strategies. 
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