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        INTRODUCTION

  In the general population, the prevalence of pancreatic cysts 

is ~2% ( 1,2 ). Th ey are clinically relevant because among these 

cysts are mucinous cysts, which can be subclassifi ed as muci-

nous cystic neoplasms and intraductal papillary mucinous 

neoplasms (IPMNs). Both are recognized precursor lesions to 

pancreatic adenocarcinoma ( 3 ). Early, accurate detection of 

pre-malignant cysts with high risk for cancer transformation 

can be curatively treated with surgical resection ( 3,4 ). Unfor-

tunately, a defi nitive diagnosis of cyst type and dysplastic grade 

(if pre-malignant) is diffi  cult to make with current diagnostic 

tools.

  Cross-sectional imaging is not accurate enough to diff erenti-

ate among pancreatic cysts ( 5,6 ). Endoscopic ultrasound off ers 

the most sensitive approach to diagnose high-risk stigmata asso-

ciated with malignant transformation ( 7 ). During endoscopic 

ultrasound, the cyst fl uid can be aspirated for tumor marker 

analysis and cytology. One of the most studied markers is car-

cinoembryonic antigen (CEA). A recent meta-analysis of CEA 

showed a sensitivity of 63% and a specifi city of 88% (area under 

the curve (AUC) 0.79) for diff erentiating mucinous from non-

mucinous cysts at a cutoff  of 192 ng/ml ( 8 ). Although cyst fl uid 

CEA is widely used, many hospitals still use a reference labo-

ratory for analysis, which can take longer to process compared 

with tests performed at the bedside or within the hospital’s 

laboratory.

  In an earlier study that included an exploratory metabolomic 

analysis of pancreatic cyst fl uid, glucose appeared to accurately 

diff erentiate non-mucinous from pre-malignant mucinous cysts 

with 94% sensitivity and 64% specifi city using a cutoff  value of 

66 mg/dl (AUC 0.88) ( 9 ). In the following study, we seek to fur-

ther validate this observation regarding glucose using point-of-

care instruments in a larger cohort and compare its performance 

to CEA.
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glucose assay, a glucometer, and a glucose reagent strip.

    METHODS:     Using an IRB-approved prospectively collected bio-repository, 65 pancreatic cyst fl uid samples 

(42 mucinous and 23 non-mucinous) with histological correlation were analyzed.

    RESULTS:     Median laboratory glucose, glucometer glucose, and percent reagent strip positive were lower in 

mucinous vs. non-mucinous cysts ( P <0.0001 for all comparisons). Laboratory glucose<50 mg/dl 

had a sensitivity of 95% and a specifi city of 57% (positive likelihood ratio (LR+) 2.19, negative 

likelihood ratio (LR−) 0.08). Glucometer glucose<50 mg/dl had a sensitivity of 88% and a specifi city 
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carcinoembryonic antigen level>192 had a sensitivity of 100% but a low specifi city of 33% 

(LR+ 1.50, LR− 0.00).

    CONCLUSIONS:     Glucose, whether measured by a laboratory assay, a glucometer, or a reagent strip, is signifi cantly 

lower in mucinous cysts compared with non-mucinous pancreatic cysts.
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    METHODS

   Sample acquisition

  Pancreatic cyst samples were collected from patients being eval-

uated at Stanford Hospital either at the time of surgical resec-

tion or at the time of endoscopic ultrasound between 2008 and 

2014. All samples were collected under an institutional review 

board approved protocol, and informed consent was obtained 

from the patient. Excess fl uid not needed for clinical care was 

collected in a red top vacutainer tube (Th ermo Fisher Scientifi c, 

Waltham, MA, catalog number 02685A). Th e sample was frozen 

in 100 μ l aliquots in 0.5 ml micro tubes (Th ermo Fisher Scien-

tifi c, catalog number NC9481979) within 30 min and stored at 

−80 °C. Cysts were chosen for analysis based on the presence of 

suffi  cient cyst fl uid and were assayed within 30 min upon freeze 

thawing. Samples that had less than two aliquots left  in our 

repository were not used. Samples underwent no more than two 

freeze–thaw cycles. All cysts included in this analysis had sur-

gically defi ned pathology, as determined by a trained patholo-

gist. Th ere were no further inclusion or exclusion criteria. Some 

patients had CEA sent on samples at the time of acquisition 

based on provider discretion.

    Laboratory instrument measurement of glucose

  Within 30 min of thawing, 50 μ l of cyst fl uid was analyzed using a 

glucose instrument available at the Stanford Clinical Laboratory. 

Th is assay was an adaptation of the hexokinase-glucose-6-phos-

phate dehydrogenase spectrophotometric method, which was 

performed on a Dimension RxL analyzer (Siemens Healthcare 

Diagnostics, Tarrytown, NY) ( 10 ). Th e reportable range for this 

assay is 5–500 mg/dl. Samples were blinded to the reader.

    Glucometer analysis

  Within 30 min of thawing, 2 μ l of cyst fl uid was analyzed by 

a Verio One Touch IQ Glucometer (LifeScan, Milpitas, CA) by 

pipetting the cyst fl uid onto the side of the testing strip. Th e glu-

cometer was tested with the standard solution before to ensure 

that the machine was calibrated. Th e testing range for this glu-

cometer is 20–600 mg/dl, with a required sample volume of 0.4 μ l 

( 11 ). Samples were blinded to the reader.

    Reagent stick glucose analysis

  Aft er thawing, the glucose portion of a Siemens Multistix 10 rea-

gent strip (Siemens Healthcare Diagnostics) was dipped into the 

remaining cyst fl uid aft er other assays were completed (~50 μ l). 

Results were read aft er 2 min of exposure time as either positive 

or negative. Positive was defi ned as any coloration of the reagent 

strip with a minimum threshold equal to 100 mg/dl. Samples were 

blinded to the reader.

    CEA analysis

  At provider discretion, ~0.5 ml of cyst fl uid was sent to a reference 

laboratory (Mayo Medical Laboratories, Rochester, MN; Carci-

noembryonic Antigen (CEA) PcfRfh wmct-cOo) where CEA anal-

ysis was performed using an immunoenzymatic assay method on 

a UniCel DxI 800 analyzer (Beckman Coulter, Brea, CA).

    Statistical analysis

  Median cyst glucose concentrations (laboratory and glucometer) 

and CEA levels were compared using the Mann–Whitney  U -test. 

Reagent sticks were read as either positive or negative for glucose, 

and Fisher’s Exact Test was used to compare the proportions, and 

the binomial distribution was used to calculate confi dence inter-

vals. Receiver operator analysis was conducted to assess the per-

formance of all three glucose assays, as well as CEA for classifying 

a cyst as either mucinous or non-mucinous. Correlation between 

the diff erent glucose assays and CEA was measured using Spear-

man’s rank correlation coeffi  cient. All statistical analyses were 

conducted using STATA version 11.0 (College Station, TX).

     RESULTS

   Pancreatic cyst characteristics

  In total, 65 pancreatic cysts had cyst fl uid glucose measured by 

laboratory analysis, glucometer, and reagent stick. Nineteen of 

these cysts were also used in the exploratory metabolomics study 

( 9 ). Of the 65 tested for glucose, 39 also had CEA measured. Th ere 

were 42 mucinous cysts and 23 non-mucinous cysts. Among the 

mucinous cysts, 15 were branch duct IPMNs, 8 were main duct 

IPMNs (MD-IPMN), 9 were mucinous cystic neoplasms, and 

10 were cystadenocarcinomas. Among the non-mucinous cysts, 

7 were serous cystic neoplasms (SCNs), 6 were pseudocysts, and 

10 were other non-mucinous cysts (3 pancreatic neuroendocrine 

tumors, 3 solid pseudopapillary tumors, 2 squamous cysts, 1 

congenital cyst, and 1 lymphoepithelial cyst). Patients with non-

mucinous cysts were younger (52.6 vs. 65.0,  P =0.004). Th ere were 

no diff erences in sex, cyst size, percent diabetic, or method of 

sample acquisition (surgery vs. endoscopic ultrasound) between 

mucinous and non-mucinous cysts ( Table 1 ).

    Glucose assay results

  In all three glucose assays, glucose concentration was lower in 

mucinous compared with non-mucinous cysts. Median laboratory 

glucose (interquartile range) was 5 (5–17) mg/dl for mucinous 

cysts and 69 (17–102) mg/dl for non-mucinous cysts ( P <0.0001; 

 Figure 1a ,  Table 2 ). Median glucometer glucose was 20 mg/

dl (20–20) for mucinous cysts and 78 mg/dl (51–112) for non-

mucinous cysts ( P <0.0001;  Figure 1b ,  Table 2 ). Reagent stick glu-

cose was also able to discriminate mucinous from non-mucinous 

cysts with 19% (95% confi dence interval (CI) 9–34%) of muci-

nous cysts being glucose positive and 74% (95% CI 52–90%) of 

non-mucinous cysts being glucose positive ( P <0.0001;  Figure 1c , 

 Table 2 ). Among mucinous cysts, there was no diff erence in 

glucose concentration in any of the assays between the combina-

tion of adenocarcinoma and high-grade dysplastic lesions ( n =15) 

and other mucinous cysts ( n =27). Th ere were no correlations 

between glucose levels and age, gender, cyst size, and the presence 

of diabetes.

    Receiver operator curve analysis of glucose

  All three glucose assays and CEA were similar in diff erentiat-

ing mucinous from non-mucinous cysts, with the only statistical 
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diff erence being the glucometer performed better than the rea-

gent strip ( P =0.0019). Th e AUC for laboratory glucose, glucom-

eter-based glucose, and reagent stick glucose was 0.84 (95% CI: 

0.73–0.95), 0.89 (95% CI: 0.81–0.98), and 0.77 (95% CI: 0.66–

0.88), respectively ( Figure 2 ). CEA had an AUC of 0.88 (95% CI: 

0.77–0.99), which was not statistically diff erent from any of the 

glucose assay methods.

  Optimal thresholds of glucose were defi ned from this sample 

to report sensitivity, specifi city, positive likelihood ratio (LR+), 

and negative likelihood ratio (LR−;  Table 3 ) for mucinous cysts 

compared with non-mucinous cysts. For the laboratory glucose 

and glucometer assay, a cutoff  of 50 mg/dl was used. Th e thresh-

old for the reagent strip glucose was the presence of detectable 

glucose. Th e standard cutoff  value of 192 ng/ml was used for 

CEA. Laboratory glucose had a sensitivity of 95% and a speci-

fi city of 57% (LR+ 2.19, LR− 0.08). Glucometer glucose had a 

sensitivity of 88% and a specifi city of 78% (LR+ 4.05, LR− 0.15). 

Reagent strip glucose had a sensitivity of 81% and a specifi city 

of 74% (LR+ 3.10, LR− 0.26). CEA had a sensitivity of 77% and 

a specifi city of 83% (LR+ 4.67, LR− 0.27). Th e combination of 

having either a glucometer glucose<50 mg/dl or a CEA level>192 

had a sensitivity of 100% but a low specifi city of 33% (LR+ 1.50, 

LR− 0.00), leading to no signifi cant improvement in diagnostic 

accuracy compared with glucose or CEA alone (AUC 0.83, 95% 

CI: 0.69–0.97).

    Correlation of glucose assays

  Correlation between laboratory glucose, glucometer-based glu-

cose, and reagent strip glucose was good. Th e correlation between 

laboratory glucose and glucometer glucose was highest at ρ =0.89 

( P <0.0001). Th e correlation between glucometer-based glucose 

and reagent strip glucose was ρ =0.84 ( P <0.0001). Th e correlation 

between laboratory glucose and reagent strip glucose was ρ =0.79 

( P <0.0001). Th e correlation between laboratory glucose and CEA 

was not as good ρ =−0.33 ( P =0.04).

     DISCUSSION

  Given the inadequate discriminatory ability of imaging ( 5,6 ) and 

cytology ( 8,12 ) for diagnosis of pancreatic cysts, there has been 

an increasing interest in pancreatic cyst biomarkers as a way to 

diff erentiate diff erent cyst subtypes. Perhaps the most well studied 

and widely accepted marker to date is CEA ( 12 ), but multiple 

preliminary studies exist using other markers such as DNA of 

mutated oncogenes (e.g., KRAS and GNAS) ( 13,14 ), micro RNA 

( 15 ), protein expression profi les of cysts ( 16,17 ), and glycosylation 

variants of mucins ( 18 ) to diff erentiate mucinous from non-muci-

nous cysts. However, these methods require further validation, 

and the assay technology is oft en not readily available in most 

hospital laboratories.

  On the other hand, testing of glucose using a laboratory assay, a 

glucometer, and a reagent strip is technically simple and performs 

similarly to CEA in our study. Glucose testing is widely available 

with fast turnaround time, requires a small amount of fl uid (2 μ l 

for glucometer testing, 50 μ l for laboratory testing, and 50 μ l for 

reagent strip testing), with relatively low cost. In contrast, cyst fl uid 

CEA is oft en sent to a reference laboratory, requires more fl uid 

(500 μ l when run through the Mayo Medical Laboratories), and is 

 Table 1  .     Baseline characteristics of mucinous vs. non-mucinous 

pancreatic cysts 

    Mucinous cyst 

(   n   =42)  

  Non-mucinous 

cyst (   n   =23)  

   P    value  

 Percentage female  54.8  52.2  1.00 

 Mean age (range)  65.0 (22–92)  52.6 (22–78)  0.004 

 Cyst size (mm; IQR)  30 (18–54)  45 (26–55)  0.23 

 Percentage diabetic  28.6  34.8  0.78 

 Percentage fl uid 

from EUS  a   

 47.6  34.8  0.43 

 EUS, endoscopic ultrasound; IQR, interquartile range. 

   a   Pancreatic cyst fl uid was obtained either from EUS or surgery, and this row 

represents the percentage of fl uid from EUS aspiration.  
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 Figure 1 .     Scatterplot of glucose levels comparing non-mucinous with mucinous pancreatic cysts using ( a ) a laboratory glucose assay, ( b ) a glucometer 

assay, and ( c ) a reagent strip assay.
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more expensive. Further, most labs use immunoassays to measure 

CEA and the diff erent antibodies used in various platforms can 

produce discrepant results. Glucose is commonly measured using 

spectrophotometric technologies that do not rely on antibody 

specifi city, and there is no heterogeneity in the glucose molecule as 

there might be with a tumor marker such as CEA.

  Th ere has only been one other study regarding the use of glu-

cose to diff erentiate mucinous from non-mucinous cysts ( 9 ). In 

this study, metabolomic profi ling identifi ed glucose as a candidate 

molecule with an AUC of 0.88. Our current study replicated these 

fi ndings but includes a larger sample size and more commonly 

available assay methods. Specifi cally, we evaluated a standard 

clinical laboratory assay, a glucometer, and a reagent strip. Th e lat-

ter two can be performed immediately at the time of endoscopy. 

Th e correlation between these diff erent assays was high, rang-

ing between ρ =0.79 and 0.89. Th e diff erences observed may be 

partially explained by specimen matrix (possible interference 

due to other analytes within the cyst fl uid) or diff ering assay 

methodologies.

  Although CEA and glucose performed similarly for diff eren-

tiating mucinous cysts, the combination of glucose (<50 mg/dl) 

or CEA (>192 ng/ml) had a sensitivity of 100%. Th is means that 

a cyst with a glucose >50 mg/dl and CEA<192 ng/ml is diagnos-

tic of a non-mucinous cyst, which would impact management 

signifi cantly. However, because of the low specifi city, the overall 

diagnostic accuracy was not signifi cantly diff erent compared with 

either glucose or CEA alone. Only 39 cysts had both glucose and 

CEA measurements. Th erefore, a larger study that comprises both 

CEA and glucose results would be required to better evaluate this 

question.

  Important baseline characteristics were compared between 

mucinous and non-mucinous cysts in an attempt to identify con-

founders. Gender, cyst size, diabetes, and acquisition method 

were balanced equally between groups. In addition, there was no 

correlation between recent hemoglobin A1c and cyst fl uid glu-

cose. Although age was lower among non-mucinous cysts, there 

was no correlation between age and cyst glucose concentration 

making this less likely an important confounder. Furthermore, 

the younger age in the non-mucinous group was due to inclu-

sion of patients with solid pseudopapillary tumors and congenital 

cysts. When these patients were removed from analysis, there was 

no diff erence in age between mucinous and non-mucinous cyst 

groups.

 Table 2  .     Glucose and CEA concentrations among pancreatic cysts 

    Glucose    

    Lab (mg/dl) 

median (IQR)  

  Glucometer (mg/dl) 

median (IQR)  

  Reagent strip percentage 

positive (95% CI)  

  CEA (ng/ml) 

median (IQR)    a    

 Mucinous (n=42)  5 (5–17)  20 (20–20)  19 (9–34)  1,978 (205–8,600) 

  MCN ( n =9)  5 (5–15)  20 (20–20)  11 (0–48)  4,011 (277–11,305) 

  BD-IPMN ( n =15)  5 (5–16)  20 (20–20)  13 (2–40)  298 (182–5,797) 

  MD-IPMN ( n =8)  11 (5–40)  27 (20–60)  38 (9–76)  1,488 (171–2,298) 

  Adenocarcinoma ( n =10)  6 (5–16)  20 (20–20)  20 (3–56)  2,944 (1,245–11,962) 

 Non-mucinous (n=23)  69 (17–102)  78 (51–112)  74 (52–90)  5 (2–88) 

  SCN ( n =7)  100 (69–134)  102 (65–147)  100 (59–100)  0.9 (0.5–70) 

  Pseudocyst ( n =6)  21 (15–77)  42 (28–89)  50 (12–88)  3 (2–106) 

  Other ( n =10)  50 (5–79)  80 (64–96)  70 (35–93)  17 (6–106) 

  P  value (mucinous vs. non-mucinous)  <0.0001  <0.0001  <0.0001  0.0002 

 BD-IPMN, branch duct intraductal papillary mucinous neoplasm; CEA, carcinoembryonic antigen; CI, confi dence interval; IQR, interquartile range; MCN, mucinous cystic 

neoplasm; MD-IPMN, main duct intraductal papillary mucinous neoplasm; SCN, serous cystic neoplasm. 

   a   CEA was only assayed in 39 of the 65 cysts in the study.  
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 Study Highlights

   WHAT IS CURRENT KNOWLEDGE 

    ✓     Pancreatic cysts are present in 2% of the population, and 
differentiating among subtypes is important for manage-
ment. 

   ✓     Cyst fl uid CEA is the most commonly used cyst fl uid 
marker used to distinguish mucinous from non-mucinous 
pancreatic cysts. 

    WHAT IS NEW HERE 

    ✓     Cyst fl uid glucose can differentiate mucinous from non-
mucinous pancreatic cysts. 

   ✓     Point-of-care glucose testing performs similarly to standard 
laboratory testing. 
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  The primary clinical analysis has been to evaluate differences 

of glucose levels between mucinous and non-mucinous cysts. 

SCNs and pseudocysts comprise the majority of non-mucinous 

cysts.  Table 1  demonstrates that, among non-mucinous cysts, 

SCNs have a higher glucose level trend compared with pseu-

docysts and other rare non-mucinous cysts. As a  post hoc  sec-

ondary analysis, we observed that glucose could differentiate 

SCNs by all assay methods when compared with all other cysts: 

laboratory glucose AUC=0.91 (95% CI: 0.83–1.0), glucometer-

based glucose AUC=0.88 (95% CI: 0.79–0.98), and reagent 

strip glucose AUC=0.84 (95% CI: 0.78–0.90). This is clini-

cally relevant because SCNs do not require surgical resection 

if asymptomatic given that malignant transformation is very 

rare ( 19,20 ).

  Although our study suggests that glucose could replace CEA, we 

suggest that further validation studies be performed given aspects 

of this study that may limit its generalizability. Th ese include the 

retrospective study design, the sample size, the single-center ter-

tiary referral population, and the fact that the glucometer and 

reagent strip are not approved for clinical use in pancreatic cysts. 

Despite these limitations, the observation that glucose may have 

clinical diagnostic utility in diff erentiating pancreatic cysts, and 

that it may be measured easily and rapidly using a number of avail-

able assays, is a novel observation that warrants continued consid-

eration.
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 Table 3  .     Sensitivity, specifi city, positive and negative likelihood ratios of glucose and CEA 

  Mucinous vs. 

non-mucinous cysts  

  Cutoff    Sensitivity (95% CI)    Specifi city (95% CI)    Positive LR (95% CI)    Negative LR (95% CI)  

 Lab glucose (mg/dl)  <50  95% (82–99)  57% (35–76)  2.19 (1.37–3.51)  0.08 (0.02–0.35) 

 Glucometer glucose 

(mg/dl) 

 <50  88% (74–95)  78% (55–91)  4.05 (1.85–8.87)  0.15 (0.07–0.35) 

 Reagent stick glucose  Undetectable  81% (66–91)  74% (52–90)  3.10 (1.54–6.27)  0.26 (0.13–0.50) 

 CEA (ng/ml)  >192  77% (58–91)  83% (52–98)  4.67 (1.30–16.80)  0.27 (0.13–0.56) 

 CEA or glucose  a    CEA>192 or 

Glucose<50 

 100%  33% (11–65)  1.50 (1.00–2.23)  0.00 

 CEA, carcinoembryonic antigen; CI, confi dence interval; LR, likelihood ratio. 

   a   Glucometer glucose.  
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