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Abstract 

Background: The accuracy and costs of current diagnostic methods in the 

differential diagnosis of pancreatic cystic lesions still has ample room for 

improvement.  

Aims: The aim of the study was to confirm the diagnostic yield of intracystic 

glucose in the diagnosis of pancreatic cyst subtypes. 

Methods: We prospectively recruited all patients who underwent Endoscopic 

Ultrasound with Fine Needle Aspiration of pancreatic cyst at our Institution. 

Results: Fifty-six patients were included in the study. We found that intracystic 

glucose concentration < 50 mg/dL was significantly more sensitive than a 

concentration of Carcinoembryonic Antigen > 192 ng/mL (93.6% vs 54.8%; p = 

0.003) for the diagnosis of mucinous cysts. In terms of specificity, the two markers 

were not different (96% vs 100%; p = 1). Regarding the diagnosis of non-

mucinous cysts, intracystic glucose concentration ≥ 50 mg/mL showed higher 

sensitivity than Carcinoembryonic Antigen level < 5 ng/mL (96% vs 72%) 

although a statistical significance could not be reached (p=0.07). The two 

markers were not statistically different in terms of specificity (93.6% vs 87.1%; p 

= 0.62).  

Conclusion: Given its diagnostic performance and ease of measurement, 

intracystic glucose may replace Carcinoembryonic Antigen in the differential 

diagnosis of mucinous versus non-mucinous pancreatic cysts. 

 

Keywords: pancreatic cysts, intraductal papillary mucinous neoplasm; 

mucinous cystadenoma; serous cystadenoma, CEA, glucose 
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Introduction 

Pancreatic cystic lesions (PCLs) represent an increasingly important entity in 

clinical practice due to the fact that these are often found occasionally by non-

invasive radiological examinations performed for other reasons. The prevalence 

of incidentally found pancreatic cysts in adulthood is high (between 2.6% and 

19.6%) [1,2]. PCLs are heterogeneous and include malignant, benign and pre-

malignant lesions, capable of evolving into invasive carcinoma over time. 

Intraductal papillary mucinous neoplasm (IPMN), mucinous cystadenoma (MCA) 

and serous cystadenoma (SCA) are the three most frequent subtypes. Due to the 

increased prevalence of PCLs, also linked to the increase in the average age of 

the population [3], and their extensive heterogeneity of behaviour, it is imperative 

to accurately classify these lesions, in particular to distinguish benign forms from 

those with malignant potential, through the correct use of available resources and 

the development of new diagnostic tests. 

   The current guidelines [4–6] indicate that every patient with a new finding of 

pancreatic cysts should undergo a high-resolution radiological examination (if not 

yet performed), i.e. computed tomography (CT) with iodinated contrast medium 

or magnetic resonance with gadolinium (MR) associated with 

cholangiopancreatography (MRCP). These methods are used to obtain a correct 

differential diagnosis among the above-described entities and to identify any sign 

of malignant degeneration. However, their accuracy in differentiating benign cysts 

from potentially malignant cysts is limited and varies, depending on studies, 

between 20% and 80% [7,8]. For the differential diagnosis of pancreatic cysts, it 

is therefore often necessary to resort to invasive imaging techniques. Not even 
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Endoscopic Ultrasound (EUS) is accurate enough in the differential diagnosis of 

pancreatic cysts if one relies on morphological features only. This is particularly 

true for unilocular lesions in which the accuracy of EUS does not exceed 51% 

[9,10].  

Fine needle aspiration (FNA) may help in the differential diagnosis of PCLs 

but systematic reviews and metanalyses are concordant on the limited sensitivity 

of cytology obtained from pancreatic cysts [11,12]. Analysis of tumour markers in 

intra-cystic fluid has been extensively used to differentiate mucinous from non-

mucinous cysts. Currently the most used marker is Carcinoembryonic Antigen 

(CEA). Several cut-offs (30, 192 and 800 ng/ml) have been proposed in the 

diagnosis of mucinous cysts. A concentration of 192 ng/ml is the most widely 

accepted because of an optimal "compromise" between sensitivity and specificity 

albeit a sensitivity as low as 51.9% has been reported in literature. For the 

diagnosis of non-mucinous lesions, a cut off of 5 ng/ml is usually employed [10–

13]. However, there is a large "gray area" in which the concentration of the 

intracystic CEA does not allow to ascertain the nature of the cyst. 

    Some studies [14–18] have analysed the role of intracystic glucose, with  a 

cheaper and comparably accurate method, with respect to CEA in the differential 

diagnosis of PCLs. All of these underlined the need to validate the data with 

further studies. The aim of our study was to confirm the accuracy of intracystic 

glucose determination in differentiating mucinous from non-mucinous pancreatic 

cysts. 

 

Patients and Methods  
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We performed a prospective, observational study in which all patients who 

underwent EUS-FNA of a pancreatic cyst at the Gastroenterology Unit of the 

University Hospital "Città della Salute e della Scienza di Torino” in Turin between 

October 2015 and September 2019 were enrolled. 

   Patients sent to our attention after detection of one or more pancreatic cysts, 

deemed worthy of further investigation, were selected. Our objective was to 

determine the nature of the cysts and establish a possible indication for surgical 

resection as well as the need for follow-up. All subjects had previously been 

investigated with at least one non-invasive II-level radiological examination such 

as CT or MR/MRCP which had not been exhaustive. 

The EUS examinations were performed by three operators (M.B., C.D.A., S.G.) 

with broad experience in EUS (> 300/year).The procedures were carried out in 

deep sedation with anaesthesiological assistance using an Olympus GF-UCT 

140 or 180 linear echoendoscope (Olympus Medical Systems, Tokyo, Japan). 

When deemed necessary by the endosonographer (evaluation of septa or mural 

nodules), an intravenous ultrasound contrast medium was administered 

(SonoVue®, Bracco International BV, Netherlands) and a contrast-enhanced 

harmonic-EUS (CH-EUS) was performed. All the endoscopic procedures were 

digitally recorded. 

FNAs were performed using an Expect® Slimline 19-gauge flexible needle 

(Boston Scientific Corporation) or an EchoTip® Ultra 22-gauge needle (Cook 

Endoscopy). Fluid taken from each cyst (at least 1 ml) was sent for CEA, amylase 

and glucose determination and for cytological analysis. According to current 

literature, since intracystic Carbohydrate Antigen 19-9 (CA19-9) has a non-
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competitive diagnostic yield compared to CEA, we did not analyse its 

performance in this study [9]. 

In a subgroup of these patients, enrolled for another study carried out in our Unit, 

a needle-based confocal laser endomicroscopy (nCLE) was performed. The 

procedure was accomplished by preloading the AQ-Flex® confocal probe 

(Cellvizio®, Mauna Kea Technologies, Paris, France) in the 19-gauge needle. 

Once the needle was introduced into the cystic lesion, the probe was advanced 

beyond the tip of the needle by 1-2 mm and then placed in contact with the cyst 

wall. A fluorescent contrast agent was then intravenously administered (2.5 ml of 

10% fluorescein sodium). After recording the images for a maximum of 4 minutes, 

the probe was extracted to allow aspiration of the intracystic fluid for the 

biochemical and cytological tests. The videos obtained were evaluated and 

interpreted "in vivo" by the operator and reviewed, if necessary, after storage. 

The final diagnosis of cyst subtype was established on the basis of surgical 

pathology results (in case of subsequent surgical resection of the cyst), 

cytological examination of intracystic fluid (when conclusive) or nCLE (in case of 

no surgical procedure and inconclusive cytological examination).  

In the subgroup of patients in whom none of the previous criteria could be met, 

the final diagnosis was made based on consensus among three experts (M.B., 

C.D.A., S.G.), blinded to cytological results, and on cyst morphology at CT, 

MR/MRCP, EUS and CH-EUS. 

A sub-analysis of patients whose diagnosis was made by surgical pathology 

results or conclusive cytological examination was performed. 
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Analysis of intracystic fluid 

A sample of aspirated liquid was sent to the Laboratory of our Hospital within 3 

hours of the procedure. The concentration of CEA, amylase and glucose in the 

intracystic fluid was determined on a Cobas® 6000 analyser (Roche Diagnostics). 

An immunometric technique was used for dosing CEA, whereas a 

spectrophotometric technique was employed for amylase and glucose analysis. 

Another sample of aspirated fluid was sent to the Pathology Department of our 

Hospital after inclusion in absolute alcohol. The cytological examination was 

performed using haematoxylin-eosin and Papanicolaou stainings [19]. 

From March 2018, to verify the feasibility of intracystic glucose, we decided that 

the cystic liquid samples were also analysed using a GEM® Premier® 3000 blood 

gas analysis instrument (Instrumentation Laboratory) with glucometers in use at 

our Hospital. 

 

Statistics 

The categorical variables were expressed as absolute numbers and percentages 

while continuous variables were expressed as mean ± standard deviation (SD) 

or median and interquartile range (IQR) according to the distribution. The chi-

square test was used for comparing categorical data. 

To compare the average of two independent samples with normally distributed 

data, the t-test for independent samples was used. For non-normally distributed 

data (not even after logarithmic transformation), the non-parametric Mann-

Whitney U test was employed. The diagnostic performance of each test was 

evaluated by calculating sensitivity, specificity and accuracy. The diagnostic 
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yields of the intracystic markers were compared using the McNemar test 

(according to the cut-off value available in literature [14,15]) and the ROC curve 

analysis. 

The sample size of the study was calculated on the basis of the results of the 

study by Zikos et al. [15] (median glucose (interquartile range) 5 (5–17) mg/dl for 

mucinous cysts and 69 (17–102) mg/dl for non-mucinous cysts, mucinous/non-

mucinous ratio 1.8/1, Type I error 0.05, Type II error 0.20): the minimum number 

of mucinous cysts was 8, the minimum number of the non-mucinous cysts was 5 

(minimum number of total of patients: 13). A p value of less than 0.05 was 

considered significant. 

Statistical analyses were performed using the Stata v 15 software (Stata Corp. 

LLC, College Station, Texas, USA) and R (version 3.3.1, R Project for Statistical 

Computing). 

 

Ethical considerations 

The demographic and clinical data as well as cyst features were prospectively 

collected in a database approved by the Ethical Committee. All patients signed 

an informed consent.  

 

Results 

During the study period (2015-2019), the total number of pancreatic cysts found 

by EUS-FNA in our institution was 516, and FNA was performed in 62 of these 

(12.0%). Six cysts were excluded from the study: 2 due to presence of blood as 
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this may alter cystic CEA and glucose determination, 3 due to presence of thick 

mucus or pus rendering the biochemical analysis difficult to perform, and 1 

because the patient denied her consent.  

Overall, 56 patients were included in the study (Figure 1): 36 were females 

(64.3%), with a mean age of 62.6 years (SD = ± 14.4 years). 

 

Figure 1 

 

   The median of the largest diameter of pancreatic cysts revealed by EUS-FNA 

was 43 mm (IQR = 26 mm). Twenty-four (42.9%) cysts were located in the 

pancreatic head, 27 (48.2%) in the body, and 5 (8.9%) in the tail. Twenty-eight 

cysts (50%) were uniloculated and 28 (50%) were multiloculated.  

   Twenty-five cysts were classified as non-mucinous (15 SCA, 8 PC and 2 cystic 

neuroendocrine tumors). Among the 31 mucinous cysts, 23 were IPMN, 7 MCA, 

and 1 cystadenocarcinoma. The definitive diagnosis was obtained, through 

histopathological examination of the surgical specimen, in 13 patients (23.2%) (7 

mucinous cysts and 6 non-mucinous cysts). 

Among the 43 (76.8%) not-resected cysts, the final diagnosis was established in 

11 (19.6%) patients relying on cytological examination of the aspirated intracystic 

fluid, in 10 cases (17.9%) on the basis of a typical nCLE pattern and in 22 cases 

(39.3%) by consensus based on the judgment of three experts pancreatologists. 
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In the group of mucinous cysts, patients were significantly older, and cysts were 

smaller, but no differences were found in gender and cysts’ macroscopic 

appearance or location (Table 1). 

 

Table 1 

 

CEA 

Intracystic CEA concentration was significantly higher in mucinous cysts than in 

non-mucinous cysts, with a median value of 247 ng/mL (IQR = 1699 ng/mL) in 

the former and of 1.6 ng/mL (IQR = 6.9 ng/mL) in the latter (p < 0.0001). A dot 

plot displaying CEA levels in mucinous and non-mucinous cysts is shown in 

Figure 2. 

 

Figure 2  

 

   In identifying mucinous cysts, a concentration of CEA > 192 ng/mL 

demonstrated sensitivity, specificity and accuracy of 54.8%, 100% and 75%, 

respectively. 

On the other hand, CEA level < 5 ng/mL demonstrated sensitivity, specificity and 

accuracy of 72%, 87.1% and 80.4%, respectively, in the diagnosis of non-

mucinous cysts. 
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In the ROC curve analysis, a concentration of CEA > 129 ng/ml was associated 

with a mucinous cyst with an AUC = 0.94, 95%IC = 0.84 – 0.98, p < 0.0001, 

sensitivity of 74.2% and specificity of 100%. 

 

Glucose 

Intracystic glucose concentration was significantly lower in mucinous than in non-

mucinous cysts, with a mean value of 11 mg/dL (SD ± 19.6 mg/dL) in the former 

and of 91.1 mg/dL (SD ± 22 mg/dL) in the latter (p < 0.0001). In Figure 3, glucose 

concentrations in mucinous and non-mucinous cysts are represented. 

 

Figure 3 

 

  In the diagnosis of mucinous cysts, an intracystic glucose concentration < 50 

mg/dL showed sensitivity, specificity and accuracy of 93.6%, 96% and 94.6%, 

respectively. On the other hand, in the diagnosis of non-mucinous cysts, an 

intracystic glucose level of ≥ 50 mg/dL had sensitivity, specificity and accuracy of 

96%, 93.6% and 94.6%, respectively. 

In the ROC curve analysis, a concentration of glucose < 49 mg/dL was associated 

with mucinous cyst with an AUC = 0.98, 95%IC = 0.91 – 1, p < 0.0001, sensitivity 

of 93.6% and specificity of 96%. 

   As from March 2018, 18 EUS-FNA aspirates were analysed with two different 

blood gas analysers in use in our Unit and in the laboratory of our Hospital. 

Results were obtained with the blood gas analysers in 15 samples (in 3 samples, 
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analysis could not be performed due to the large amount of mucus present). The 

discrepancy between the two results of the two analysers did not exceed 5 mg/dL 

meaning that no cysts would have been misclassified (mucinous vs non-

mucinous) if the sample had been analysed only one of the two blood gas 

analysers. 

   In our population study, 3 patients had diabetes mellitus. However, blood 

glucose levels did not influence the intracystic glucose concentration: 2 subjects 

with IPMN (blood glucose level at 140 and 313 mg/dl on the day of the procedure) 

had intracystic glucose values of 3 mg/dL and 1 mg/dL, respectively. One patient 

with SCA (blood glucose concentration of 130 mg/dl) had an intracystic glucose 

concentration of 121 mg/dL. 

    

Comparison between glucose and CEA 

In the diagnosis of mucinous cysts, intracystic glucose < 50 mg/dL was 

significantly more sensitive than a concentration of CEA > 192 ng/mL (sensitivity 

93.6% vs 54.8%; p = 0.003). In terms of specificity, the two markers were not 

statistically different (96% vs 100%, p = 1). On the other hand, in the diagnosis 

of non-mucinous cysts, an intracystic glucose concentration ≥ 50 mg/mL was 

more sensitive than a concentration of CEA < 5 ng/mL (96% vs 72%), but 

statistical significance was not reached (p = 0.07). In terms of specificity, the two 

markers were not statistically different (93.6% vs 87.1%, p = 0.62). A summary of 

the diagnostic yield of CEA and glucose is presented in Table 2. 

 

Table 2 
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   When the ROC curve analyses of CEA and glucose were compared, no 

statistically significant difference was found (p = 0.12), but there was a tendency 

of superior accuracy for glucose (Figure 4). 

 

Figure 4 

 

   The data on sensitivity, specificity and accuracy, considering only patients 

whose diagnosis was performed with surgical specimen (13) or cytological 

examination (11), are reported in Table 3. 

 

Table 3  

 

Association of tests: CEA or glucose 

If an intracystic glucose value < 50 mg/dL or a value of CEA > 192 ng/mL in the 

diagnosis of mucinous cysts is considered, the values of sensitivity and accuracy 

slightly increased, compared to the sole glucose, respectively, to 96.8% and 

96.4% (p = 1) while specificity did not change (96%) (p = 1).  

 

Adverse events 

No clinical complications occurred during the procedures. 

One patient (1.8%) was admitted the day after the manoeuvre for mild acute 

pancreatitis that resolved uneventfully with medical therapy. 
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No adverse events were recorded on a phone interview 30 days after the 

procedure. 

 

Discussion 

The major challenge, in the differential diagnosis of PCLs, is to accurately 

discriminate between asymptomatic benign cysts and malignant ones (or those 

with malignant potential). It is essential to avoid under-diagnosis of pancreatic 

cystic lesions with malignant potential in order to allow a proper follow-up or 

curative surgical therapy. Moreover, riskless benign cysts have to be correctly 

classified in order to avoid unnecessary surgery. 

The discriminatory capacity of the currently available diagnostic tools is still 

considered inadequate by international guidelines [4–6] and, therefore, there is 

an urgent need for new methods or markers capable of differentiating the various 

subtypes of pancreatic cysts with greater precision. 

Commercially available methods for CEA measurement have been validated for 

the analysis of serum or plasma but not for pancreatic cyst fluid, and there may 

be significant variability in the results among different methods and laboratories 

[20].  

   Unlike CEA, glucose measurement is undoubtedly a simple and easily available 

test in any laboratory, while the intracystic CEA assay is available only in 

reference centres. Moreover, it requires a lower volume of intracystic fluid than 

CEA assay (50 µl versus 500 µl) [15], and this can be particularly useful in clinical 

practice since sometimes only small amount of liquid can be drawn from a cyst. 

Furthermore, the spectrophotometric technique used for glucose determination 
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is an extremely standardized and reproducible assay that does not present 

discrepancies among laboratories [17] and has a lower cost (1.26 € vs 7.77 € for 

CEA in the present study). 

   The role of glucose concentration in intracystic fluid as a marker in the 

differential diagnosis of pancreatic cysts was first proposed by Park et al. in 2013 

[16]. In the metabolomic analysis carried out on 45 pancreatic cysts that had 

undergone EUS-FNA, the intracystic glucose concentration was significantly 

higher in non-mucinous (SCA and PC) than in mucinous cysts (MCA and IPMN). 

In particular, a glucose concentration of less than 66 mg/dL showed sensitivity, 

specificity and accuracy of 95%, 56% and 84%, respectively, in differentiating 

mucinous from non-mucinous cysts, and these values are comparable to those 

obtained with the intracystic CEA.  

In 2015, a second prospective study [15] evaluated the performance of intracystic 

glucose level in the differential diagnosis of pancreatic cysts, using a lower 

concentration cut-off (50 mg/dL). The study, performed on 65 pancreatic cysts 

(42 mucinous and 23 non-mucinous), confirmed the statistically significant 

difference in intracystic glucose concentration between mucinous cysts (mean 

concentration = 5 mg/dL) compared to non-mucinous ones (mean concentration 

= 69 mg/dL) (p < 0.0001). In the diagnosis of mucinous cysts, intracystic glucose 

concentration < 50 mg/dL, determined by a laboratory spectrophotometric 

method, was more sensitive than intracystic CEA > 192 ng/ml (95% vs 77%, 

respectively). By using a combination of mucinous cysts glucose value < 50 

mg/dL and a value of CEA > 192 ng/mL, a sensitivity of 100% was obtained; 

however, the specificity was very low (33%).  
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A third prospective study conducted on 153 patients further strengthened these 

data, attributing even better diagnostic performance values to intracystic glucose 

value < 50 mg/dL (determined with simple glucometer) [14] with a sensitivity of 

92%, specificity of 87% and 90% accuracy in the diagnosis of mucinous cysts 

(95%, 85% and 93%, respectively, when associated with the intracystic CEA > 

192 ng/mL). 

   A potential bias in these studies is that almost only cysts that underwent surgery 

(in the first study [16] 40/45 cysts, all cysts in the two other studies [14,15] so they 

cannot be considered representative of the vast majority of cysts found in daily 

practice) were included.  

 In a recent paper, Lopes et al. used intracystic CEA as the “gold standard” to 

compare intracystic glucose accuracy, and obtained an almost perfect correlation 

[17].  

Finally, Faias and colleagues demonstrated, in a cohort of 82 frozen cystic fluids, 

that glucose concentration (dosed with a glucometer) outperformed CEA in 

sensitivity in the diagnosis of mucinous cysts [18]. 

   Our study confirmed what emerged in previous studies by attributing an even 

better diagnostic performance to intracystic glucose concentration: in the 

diagnosis of mucinous cysts, a glucose value < 50 mg/dL showed sensitivity 

greater than 93% and specificity of 96%, resulting in a correct classification of 

almost 95% of mucinous cysts. These parameters were better than those 

obtained with CEA > 192 ng/mL that demonstrated lower sensitivity (around 55%) 

and was able to correctly classify "only" 75% of mucinous cysts. Similarly, an 

intracystic glucose value > 50 mg/dL identified non-mucinous cysts with greater 



18 
 

sensitivity than CEA level < 5 ng/mL (96% vs 72%) albeit the statistical 

significance was not reached (p = 0.07), probably because of the relatively small 

sample size. 

It is also interesting to note that upon combining an intracystic glucose value < 

50 mg/dL or CEA value > 192 ng/mL (the positivity of at least one test is 

considered as sufficient) in the diagnosis of mucinous cysts, only a slight gain in 

sensitivity (96.8%) and accuracy (96.4%) (p = 1) was obtained compared to the 

tests considered individually, without any gain in terms of specificity (which 

remained at 96%) (p = 1).  

   These data confirm the great value that the determination of intracystic glucose 

level can bring in clinical practice, allowing to discriminate with high reliability a 

non-mucinous cyst from a mucinous one. 

This easy test can exceed the diagnostic performance of CEA hitherto considered 

sub-optimal [21] with considerable reduction in costs. 

Furthermore, since none of the cysts would have been misclassified if the glucose 

determination had been accomplished with a simple blood gas analyser, a 

scenario could be imaginable in which the diagnosis of the type of cyst (mucinous 

vs non-mucinous), with excellent accuracy and very low costs, can be made 

immediately upon completion of the endoscopic procedure. Unlike two of the 

previous studies [14,15], we did not use a portable glucometer because the model 

in use in our Unit is not suitable for biological fluids other than blood. The idea of 

using a blood gas analyser to dose intra-cystic glucose concentration came to us 

only in March 2018: we analysed 18 samples. In 15 samples the blood gas 

analyser gave results that were in line with those provided by the Cobas® 6000 
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Analyser. Unfortunately, in 3 samples, due to the mucus content, the sample 

could not be analysed with the blood gas analyser but only by Cobas® 6000 

Analyser. So, we cannot state that the blood gas analyser can universally replace 

the more sophisticated analysis performed by a dedicated laboratory. 

   Some limitations of our study must be discussed. Intracystic glucose 

determination allows to discriminate between mucinous and non-mucinous cysts 

but, as CEA, cannot differentiate between IPMN and MCA or detect dysplasia or 

carcinoma. Similarly, regarding non-mucinous cysts, it cannot distinguish SCA 

from PC, solid pseudopapillary neoplasm (SPN) and cystic neuroendocrine 

tumours. This aspect represents the main limitation of any biochemical marker 

used in clinical practice but is not of secondary importance. Especially, in the 

group of non-mucinous cysts, the various subtypes have heterogeneous 

behaviour and different therapeutic indications (SCA, considered a benign form 

and devoid of surgical indications unless symptoms are present; cystic 

neuroendocrine tumor, for which for diameters > 2 cm surgical resection is always 

indicated; SPN in which surgical resection is always indicated [22]). A potential 

confounding factor, never reported in literature, not even in our study, could be 

represented by the infected cysts. It is well known that the presence of infection 

reduces the glucose content of effusions. Thus, albeit a rather rare event, this 

should be taken into consideration. A further critical issue regards the way in 

which the definitive diagnosis of the pancreatic cysts was obtained (i.e. the 

“diagnostic gold standard” against which the diagnostic yield of intracystic 

markers was calculated). In 32 patients (57.1%), it was not possible to obtain a 

diagnosis of certainty based on a surgical specimen or cytology. In 10 subjects, 
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a typical nCLE pattern can be considered a reliable surrogate according to current 

literature [23–25] but in 22 patients only a “consensus diagnosis” could be 

obtained. While, on one hand, this aspect represents a limitation of the study, on 

the other, it constitutes a strength in that it avoids an important selection bias 

present in most published studies. In fact, a sample consisting of only cysts that 

underwent surgical resection cannot be considered representative of all the cysts 

found in daily clinical practice, but only of those symptomatic or associated with 

"worrisome features". Furthermore, to further reduce the percentage of 

"uncertainty" in our study, we report herein that in 9 patients out of 22, the 

diagnosis can still be considered almost certain since in 5 patients, a 

communication between the cyst and the pancreatic duct was detected, and in 4 

cases, there were multiple cysts, both aspects being highly suggestive of IPMN. 

Furthermore, we performed a sub-analysis on patients whose diagnosis was 

made by surgical pathology or cytological examination: the results did not 

change, rather the difference in the accuracy of glucose with respect to CEA 

increased, even if no statistical significance was reached due to the small sample 

size. 

   In conclusion, intracystic glucose is a rapid, inexpensive and easily performed 

test that can be performed in any laboratory and, according to our study, it has a 

better diagnostic performance compared to the most widespread and studied 

marker, the CEA. Given its simplicity and cost-effectiveness, we confirm that 

intracystic glucose determination should be introduced into clinical practice as an 

additional test in association with those already used, and in the future, it may 

supplant CEA. 
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Figure 1. Flow chart of patients. 

Figure 2. Dot plot of CEA concentration in mucinous and non-mucinous cysts. 

Dashed lines identify the cut-off values of 5 and 192 ng/mL. The continuous 

horizontal lines represent median values. The y-axis is plotted on a logarithmic 

scale. 

Figure 3. Dot plot of glucose concentration in mucinous and non-mucinous 

cysts. Dashed line identifies the cut-off value of 50 mg/dL. The continuous 

horizontal lines represent mean values. 

Figure 4. Comparison of ROC curve analyses of CEA and glucose. 


