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INTRODUCTION

Pancreatic cystic lesions (PCLs) are incidentally detected at 
a rate of 8%, and they are primarily (60%) mucinous.1 Muci-
nous PCLs include intraductal papillary mucinous neoplasms 
(IPMNs), mucinous cystic neoplasms (MCNs), intraductal 
oncocytic papillary neoplasms, cystic changes in ordinary duc-

tal adenocarcinomas, and other invasive carcinomas, such as 
cystic pancreatic ductal adenocarcinoma (PDAC).2 Given the 
malignant potential of MCNs (10%–39%) and IPMNs (36%–
100%), routine monitoring is mandatory.3 However, there is 
no single criterion or follow-up model for mucinous PCLs.4 
We aimed to analyze the role of cyst fluid carcinoembryonic 
antigen (CEA) level in differentiating MCNs from IPMNs as 
well as low-risk (LR)- versus high-risk (HR)-IPMNs.

MATERIALS AND METHODS

The study population consisted of 466 patients with PCLs 
referred to our unit, who underwent endoscopic ultra-
sound-guided fine-needle aspiration (EUS-FNA) of cyst fluid 
between 2011 and 2018. Demographic data, medical history, 
and cross-sectional imaging results were retrieved from the 
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electronic medical records. All procedures were part of stan-
dard patient care. This retrospective study was approved by 
the local ethics committee. 

Endoscopic ultrasound methods
After providing informed consent, all patients underwent 

EUS examination (A121091, H121645, H121435, H121637; 
Pentax Medical Co., Montvale, NJ, USA, K1U047K062; Fujif-
ilm Co., Tokyo, Japan). EUS-FNA was performed with either a 
22- or 19-gauge FNA needle (Cook Medical, Bloomington, IN, 
USA, or Boston Scientific, Marlborough, MA, USA). Prophy-
lactic, single-dose, intravenous antibiotics were administered 
before cyst puncture. All patients from whom sufficient fluid 
was aspirated for cytologic analysis and CEA measurement 
were included. 

Diagnostic criteria for pancreatic cystic lesions 

Endoscopic ultrasound imaging
A preliminary diagnosis was made after reviewing the de-

mographic and clinical data together with the cyst morpholo-
gy evaluated with EUS.

Cytology
Cystic fluid was analyzed for mucin and cell morphology. 

All cytologic analyses were performed or reviewed by an ex-
pert pancreatic cytopathologist, and categorized as diagnostic 
or nondiagnostic. Diagnostic samples had a mucinous epithe-
lium, whereas nondiagnostic samples contained either a non-
mucinous epithelium or no epithelial cells. A mucinous epi-
thelium was graded according to epithelial atypia as LR, low-
grade dysplasia (LGD) or intermediate-grade dysplasia (IGD), 
or HR, high-grade dysplasia (HGD) or invasive carcinoma.5

Histology
Histologic diagnoses were made using surgical specimens. 

The resection cohort included cases with histologically con-
firmed MCNs and IPMNs. All histologic analyses were per-
formed or reviewed by the study pathologist. Ovarian-type 
stroma was required for a diagnosis of MCN. The resected 
cystic lesions were categorized according to the World Health 
Organization classification system.6 MCNs and IPMNs were 
classified as LR (LGD or IGD in resection material) or HR 
(HGD or invasive carcinoma in resection material).

Analysis of cyst fluid carcinoembryonic antigen 
Cyst fluid CEA levels were measured using a carbonyl- 

metallo-immunoassay kit (ARCHITECT i2000SR; Abbott 
Core Laboratory, Abbott Park, IL, USA). A minimum of 0.3 mL 
was required for each analysis.

Data collection
All data were retrospectively collected and recorded in a da-

tabase. The study group consisted of patients with a final diag-
nosis based on cytology or specimen histology with a specific 
diagnosis. Separate receiver operating characteristic (ROC) 
curves were plotted for cyst fluid CEA levels to differentiate 
LR-IPMNs from LR-MCNs and HR-IPMNs. The area under 
the ROC curve (AUROC) was calculated. Sensitivity, speci-
ficity, positive predictive value (PPV), and negative predictive 
value (NPV) were calculated for cyst fluid CEA cutoff levels to 
maximize the ratio of correct diagnoses of mucinous-subtype 
PCLs.

Statistical analysis
All statistical analyses were performed using SPSS Statistics 

software version 25 (IBM Co., Armonk, NY, USA). The Kolm-
ogorov–Smirnov and Shapiro–Wilk tests showed a nonnor-
mal data distribution. Descriptive statistics are presented using 
medians and ranges for nonnormally distributed and ordinal 
variables. A comparison of cyst fluid CEA was performed 
among the four cyst types, LR-MCNs, LR-IPMNs, HR-IPMNs, 
and cystic PDACs, using the nonparametric Kruskal–Wallis 
test. When the results of the Kruskal–Wallis test were statisti-
cally significant, the four groups were compared in pairs in a 
total of six comparisons using the Mann–Whitney U test. We 
used Bonferroni’s adjustment in two groups. The first group 
included three subgroups (MCNs, IPMNs, and cystic PDACs), 
and the second group included four subgroups (MCNs, LR-
IPMNs, HR-IPMNs, and cystic PDACs). Owing to multiple 
pairwise comparisons, p-values of <0.017 and <0.008, respec-
tively, were required for significance. Data of cyst fluid CEA 
levels were used to plot two ROC curves to differentiate LR-
IPMNs from LR-MCNs and HR-IPMNs, and the AUROC 
was calculated. The AUROC was defined as low (0.5 to <0.7), 
moderate (0.7 to <0.9), or high (≥0.9). MedCalc Statistical 
Software version 19.2.5 (MedCalc Software Ltd., Ostend, Bel-
gium; https://www.medcalc.org; 2020) was used to determine 
the cyst fluid CEA cutoff levels for the accurate diagnostic dif-
ferentiation of LR-IPMNs from LR-MCNs and HR-IPMNs. A 
p-value of <0.05 was considered significant. 

RESULTS 

A total of 466 patients with PCLs were evaluated with EUS-
FNA over 7 years. Among these, cyst fluid cytology was exam-
ined in 340 (72.9%) patients and cyst fluid CEA measurement 
was available in 255 (54.7%) patients. Diagnosis was based on 
definitive cytology and/or surgical specimens in 102 muci-
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nous PCLs. Among those 102, 50 had available cyst fluid CEA 
results (Fig. 1). Table 1 shows the demographic data of the 
patients. 

Cyst fluid carcinoembryonic antigen analysis 
Table 2 summarizes the comparative analysis of cyst flu-

id CEA levels among the different mucinous cyst types. All 
MCNs (eight LGDs and one IGD) with preoperative cyst fluid 
CEA results were selected from the surgical specimen series, 
whereas the remaining cases were diagnosed using cytology or 
resection material. 

The cyst fluid CEA levels in LR-MCNs (p<0.001) and HR-
IPMNs (p<0.001) were significantly higher than those in LR-
IPMNs. The cyst fluid CEA level of cystic-PDACs was also 
higher than that of LR-IPMNs (p=0.02). However, the signif-
icance disappeared after Bonferroni’s correction. Fig. 2. shows 
the distribution of cyst fluid CEA levels among the prespeci-
fied cyst types.

The decision to resect a lesion was based on the PCL guide-
lines in effect from 2011 to 2016.7,8 However, cases between 
2016 and 2018 were more conservatively managed because of 
accumulating evidence. Therefore, no LR-IPMNs were resect-
ed during the last 2 years of the study. Additionally, resection 
of most HR-IPMNs (6/8) occurred between 2015 and 2018. 

Table 1. Baseline Characteristics of All Mucinous Pancreatic Cystic Lesions 
Diagnosed Using Cytopathology

Mucinous PCLs (n=102)

Cytopathologic diagnosis (total) 102

Gender, femalea) 52 (51.5)

Age, mean±SD (yr) 61.9±13.3

Cyst size, mm, median (min–max) 30 (10–90)

Cyst typea) IPMN: 35 (34.3)
Cystic PDAC: 27 (26.5)
IPMN PDAC: 24 (23.5)

MCN: 16 (15.7)

Cyst locationa)

  Head/uncinate
  Corpus
  Tail
  Several

51 (50)
34 (33.3)
15 (14.7)

2 (0.2)

Patients evaluated using EUS-FNAa) 90 (88.2)

Patients who underwent surgical 
resectiona)

41 (40.1)

EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration; 
IPMN, intraductal papillary mucinous neoplasm; MCN, muci-
nous cystic neoplasm; PCL, pancreatic cystic lesion; PDAC, pan-
creatic ductal adenocarcinoma; SD, standard deviation. 
a)Values are represented as n (%).

Fig. 1. Flowchart of the patients recruited to the study. CEA, carcinoembryonic antigen; EUS, endoscopic ultrasound; FNA, fine-needle aspiration; HR, high 
risk; IPMN, intraductal papillary mucinous neoplasm; LR, low risk; MCN, mucinous cystic neoplasm; PCL, pancreatic cystic lesion; PDAC, pancreatic ductal 
adenocarcinoma.

EUS + FNA procedures, n=466
  · FNA cytology: 340 (72.9%)
  · Available cyst fluid CEA: 255 (54.7%)

Excluded owing to lack  
of definitive diagnosis, 

n=364 (78.1%)

Mucinous PCLs with definitive diagnosis, 
n=102 (21.8%)

  · FNA cytology, n=90 (88.2%)
  · Surgical specimen histology, n=41 (40.1%)

Available prediagnostic cyst fluid CEA in  
mucinous PCLs, n=50

  · FNA cytology, n=43 (86%)
  · Surgical specimen histology, n=25 (50%)

Cyst fluid CEA levels further analyzed  
between LR-MCNs, LR/HR-IPMNs,  

and cystic PDACs
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Table 2. Cyst Fluid Carcinoembryonic Antigen Levels in Mucinous Pancreatic Cystic Lesions, Mucinous Pancreatic Cystic Lesion Subcohorts, and Resected 
Pancreatic Cystic Lesions

n
Cyst fluid CEA (ng/mL) 

Median range (min–max) p-value

Histologic classification (n=50)

  LR cysts 25 100 16.8–53,445 
0.012

  HR cysts 25 2,624 0.5–266,510

Mucinous PCL subcohorts (n=50)

  LR-MCNs 
    Cytology, n=0
    Surgical specimen, n=9 

9 7,954.7 299.6–53,445

<0.001a)

<0.001b)/<0.001c)/0.020d)/>0.05e)

  LR-IPMNs 
    Cytology, n=8
    Surgical specimen, n=8 

16 51.3 16.8–3,132.2

  HR-IPMNs 
    Cytology, n=10
    Surgical specimen, n=5

15 2,624 310.3–266,510

  Cystic PDAC 
    Cytology, n=7
    Surgical specimen, n=3

10 5,024.4 0.5–134,299

Resected LR-MCNs and (LR/HR) IPMNs (n=22) 

  LR-MCNs 9 7,954.7 299.6–53,445
0.004a)

0.003f), 0.013g), 0.317h) 
  LR-IPMNs 8 68.6 32.7–3,132.2

  HR-IPMNs 5 1,159.2 818.3–17,797

CEA, carcinoembryonic antigen; HR, high risk; IPMN, intraductal papillary mucinous neoplasm; LR, low risk; MCN, mucinous cystic 
neoplasm; PCL, pancreatic cystic lesion; PDAC, pancreatic ductal adenocarcinoma.
a)Kruskal–Wallis test. Mann–Whitney test: b)LR-MCN vs. LR-IPMN, c)LR-IPMN vs. HR-IPMN, d)LR-IPMN vs. cystic PDAC (not signifi-
cant after Bonferroni’s correction). e)Not significant for LR-MCNs vs. cystic PDACs, LR-MCNs vs. HR-IPMNs, and HR-IPMNs vs. cystic 
PDACs. f)Surgical specimen LR-MCN vs. LR-IPMN. g)Surgical specimen LR-IPMN vs. HR-IPMN (significant after Bonferroni’s correc-
tion). h)Surgical specimen LR-MCNs vs. HR-IPMNs. 

Fig. 2. The -axis represents a logarithmic scale (ng/mL) for carcinoembryonic antigen (CEA). Median values are presented as the center lines within every box. The 
width of each box represents the interquartile range. The whiskers show the minimum and maximum values. Outliers are shown above the boxes. IPMN, intraductal 
papillary mucinous neoplasm; MCN, mucinous cystic neoplasm; PDAC, pancreatic ductal adenocarcinoma.
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Among the 16 patients with a final diagnosis of LR-IPMN 
(Table 2), 8 underwent surgery and had a histopathologic di-
agnosis. In two of the eight patients, the preoperative cyst fluid 
CEA level was >100 ng/mL (664.4 and 3,132.2 ng/mL, respec-
tively), whereas in the remaining six patients, the cyst fluid 
CEA level was below the cutoff value of ≤100 ng/mL (32.7, 
33.1, 40.3, 59.5, 77.8, and 100 ng/mL) (Table 2). However, the 
other eight patients in the LR-IPMN group were diagnosed 
on the basis of cytology and supporting evidence, such as cyst 
size, mural nodule absence, main pancreatic duct dilatation, 
cyst fluid CEA level, and cross-sectional imaging findings. 
Seven patients had cyst fluid CEA levels below the cutoff value 
(16.8, 19.8, 22.2, 27.5, 43.1, 79, and 100 ng/mL). Five patients 
had at least 1 year of follow-up without evidence of malignant 
transformation. The other two patients were aged 78 and 80 
years, free of symptoms, and diagnosed in the last year of the 
study. They were clinically followed up without cross-sectional 
imaging and had no change in their clinical condition. The 
only patient in the LR-IPMN group with an elevated prediag-
nostic cyst fluid CEA level (1,167 ng/mL) has been followed up 
for 4 years with no change in cross-sectional imaging findings. 
However, all HR-IPMNs with surgical specimen histopatholo-
gy had elevated preoperative cyst fluid CEA levels (818.3, 1,000, 
1,159.2, 3311, and 17,797 ng/mL).

We determined the optimal cutoff level of cyst fluid CEA 
for differentiating LR-IPMNs from LR-MCNs and HR-IPMNs 
by using the ROC curve. The AUROC values were 0.93 (95% 
confidence interval [CI], 0.5–0.8; p<0.001) and 0.92 (95% 

CI, 0.82–1.0; p<0.001) for differentiating LR-IPMNs from 
LR-MCNs (Fig. 3) and HR-IPMNs (Fig. 4), respectively. The 
optimal cutoff level for differentiating LR-IPMNs from LR-
MCNs and HR-IPMNs was found to be >100 ng/mL for both 
ROC curves. The sensitivity of the cyst fluid CEA cutoff level 
in differentiating LR-IPMNs from LR-MCNs and HR-IPMNs 
was 100% and 100%, with a specificity of 75% and 75%, PPV 
of 66.7% and 78.9%, and NPV of 100% and 100%, respectively. 

DISCUSSION

In this retrospective analysis of cyst fluid CEA level to differ-
entiate among the mucinous subtypes of PCLs, we examined 
cyst fluid CEA levels in cytologically or pathologically diag-
nosed LR-MCNs, LR/HR-IPMNs, and cystic PDACs. Among 
the histologically diagnosed mucinous cysts, HR cysts had sig-
nificantly higher cyst fluid CEA levels than LR cysts (p=0.012). 
The elevated cyst fluid CEA levels in LR cysts originated from 
MCNs (Table 2). In subcohort analyses of the 50 mucinous 
PCLs, cyst fluid CEA levels were significantly higher in LR-
MCNs (p<0.001) and HR-IPMNs (p<0.001) than in LR-
IPMNs. However, there was no significant difference in cyst 
fluid CEA levels between LR-MCNs and HR-IPMNs (p>0.05). 
Further, in the subgroup analyses of the 22 patients with 
surgical specimens, LR-MCNs (p=0.003) and HR-IPMNs 
(p=0.013) had higher cyst fluid CEA levels than LR-IPMNs, 
whereas LR-MCNs and HR-IPMNs did not have significantly 

Fig. 3. Receiver operating characteristic (ROC) curve analysis to differentiate 
low-risk mucinous cystic neoplasms from low-risk intraductal papillary 
mucinous neoplasms. A cyst fluid carcinoembryonic antigen cutoff level of >100 
ng/mL resulted in an area under the ROC of 0.93 (95% confidence interval, 
0.5–0.8).
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Fig. 4. Receiver operating characteristic (ROC) curve analysis to differentiate 
high-risk from low-risk intraductal papillary mucinous neoplasms. A cyst fluid 
carcinoembryonic antigen cutoff level of >100 ng/mL resulted in an area under 
the ROC of 0.92 (95% confidence interval, 0.82–1.0). 
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Table 3. Previous Studies Investigating the Role of Cyst Fluid Carcinoembryonic Antigen in Predicting Mucinous Cysts and Dysplasia Grade

Study Study 
design n Surgical pathology FNA/

SS/PJ

CEA 
cutoff, 
ng/mL

Sensitivity, 
specificity, 
PPV, NPV

Conclusion about CEA

Kawai et al. 
(2004)25 

Case series 27 HR-IPMNs PJ 110 78.0, 91.0, 
N/A, N/A

Differentiate benign from malig-
nant cysts

Brugge et al. 
(2004)16

Multicenter 
case series

68 52 (24 HR) MCNs and 
16 (2 HR) IPMNs

FNA 192 73.0, 84.0, 
N/A, N/A

Differentiate mucinous from non-
mucinous cysts

van der Waaij 
et al. (2005)17 

Pooled anal-
ysis 

450 MCA, MCAC, PC, SCA FNA >800 48.0, 98.0,
94.0, 75.0

May help in differentiating benign 
from premalignant or malignant 
PCLs

Maire et al. 
(2008)26 

Case series 41 IPMNs FNA >200 90.0, 71.0, 
50.0, 96.0

Differentiate benign from malig-
nant cysts

Correa-Gallego 
et al. (2009)28 

Case series 72 IPMNs: 55 LR, 17 HR cysts FNA N/A N/A Cannot differentiate benign from 
malignant cysts

Nagula et al. 
(2010)18 

Case series 97 MCN (12 LR, 2 HR), IPMN (42 
LR, 10 HR), SCA, NET, others 

FNA >192 73.0, 65.0, 
76.0, 53.0

Useful in identification of mucinous 
cysts

Park et al. 
(2011)19

Case series 126 Various cysts (104 resection, 
22 biopsy or cytology); MCN, 
IPMN, mucin cancers, includ-
ing PDAC, SCA, PC, PNET, 

and others

FNA ≥200 60.0, 93.0, 
N/A, N/A

CEA is not diagnostic for differ-
entiating benign from malignant 
mucinous cysts

Cizginer et al. 
(2011)20 

Case series 198 MCNs and IPMNs with hetero-
geneous histologic grade; 166 
(resection), 26 (biopsy), and 4 

malignant (cytology)

FNA 109.9 80.9, 97.7, 
N/A, N/A

Does not distinguish benign from 
malignant cysts

Al-Rashdan et 
al. (2011)21 

Case series 25 9 MCNs, 11 (1 ICA, 5 HGD) 
BD-IPMNs, 5 (1 ICA) MD-

IPMNs

FNA N/A N/A Of limited value in the differential 
diagnosis of mucinous pancreas 
cysts

Kucera et al. 
(2012)29 

Case series 47 IPMN FNA >200 52.4, 42.3, 
42.3, 52.4

CEA is a poor predictor of malig-
nant IPMN

Ngamrueng-
phong et al. 
(2013)22

Meta-analy-
sis

504 MCN, IPMN, PC, SCN, MCA, 
MCAC

FNA 109.9–
6,000

N/A Poor ability to distinguish benign 
from malignant cysts

Nagashio et al. 
(2014)23 

Case series 68 IPMN (18), MCN (21), SCN 
(15), PC (10), EC (2), LC (1), 

SPN (1)

FNA/ 
SS

>67.3 89.2, 77.8, 
N/A, N/A

Helpful in differentiating mucinous 
from nonmucinous lesions but not 
malignant from benign 

Gaddam et al. 
(2015)24

Multicenter 
case series

226 150 mucinous (43 with PDAC) 
/ 76 nonmucinous (29 SCN)

FNA 105 70.0, 63.0, 
N/A, N/A

Suboptimal in differentiating muci-
nous from nonmucinous PCLs

Oppong et al. 
(2015)27 

Case series 119 79 mucinous, 40 nonmucinous 
cysts

FNA >7 94, 75, 
N/A, N/A

Distinguishes mucinous from non-
mucinous and HR from LR cysts 

Scourtas et al. 
(2017)30 

Case series 54 MCN FNA N/A N/A No conclusion about CEA but high-
er cyst fluid CEA levels detected in 
HR cysts

Oh et al. 
(2017)12

Case series 48 16 MCNs, 13 IPMNs, 19 non-
mucinous cysts

FNA 48.6 72.4, 94.7, 
N/A, N/A

Combination of cyst fluid CEA, 
cytology, and viscosity increased 
the overall diagnostic accuracy of 
mucinous cysts 
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Table 3. Continued

Study Study 
design n Surgical pathology FNA/

SS/PJ

CEA 
cutoff, 
ng/mL

Sensitivity, 
specificity, 
PPV, NPV

Conclusion about CEA

Hirono et al. 
(2017)32

Case series 140 51 MD, 89 mixed IPMNs PJ 150 for 
mixed, 
300 for 

MD

73.3, 69.5, 
55.0, 83.7

79.0, 87.5,
79.0, 87.5

May predict ICA in MD and mixed 
IPMNs

Hayakawa et al. 
(2019)31

Case series 63 IPMN PJ 97 45.0,100.0, 
65.0, 100.0

Useful in diagnosis of HR-IPMNs 
and in predicting future malignant 
transformation

BD, branch duct; CEA, carcinoembryonic antigen; EC, epidermoid cyst; FNA, fine-needle aspiration; HGD, high-grade dysplasia; HR, 
high risk; ICA, invasive carcinoma; IPMN, intraductal papillary mucinous neoplasm; LC, lymphoepithelial cyst; LR, low risk; MCA, mu-
cinous cystadenoma; MCAC, mucinous cystadenocarcinoma; MCN, mucinous cystic neoplasm; MD, main duct; N/A, not available; NET, 
neuroendocrine tumor; NPV, negative predictive value; PC, pseudocyst; PCL, pancreatic cystic lesion; PDAC, pancreatic ductal adeno-
carcinoma; PJ, pancreatic juice; PNET, pancreatic neuroendocrine tumor; PPV, positive predictive value; SCA, serous cyst adenoma; SCN, 
serous cystic neoplasia; SPN, solid pseudopapillary neoplasm; SS, surgical specimen.

different cyst fluid CEA levels (p=0.317) (Table 2). 
Cross-sectional imaging, EUS with or without FNA, nee-

dle-based confocal laser endomicroscopy, and EUS-guided 
microforceps biopsy are the most frequently used methods for 
the diagnosis and surveillance of PCLs.9-12 Japanese, European, 
and American guidelines for the management of pancreatic 
cysts do not include cyst fluid CEA level as a parameter for 
differentiating benign from malignant cysts.13-15 Table 3 sum-
marizes previous studies that investigated the role of cyst fluid 
CEA in predicting mucinous cysts and dysplasia. However, a 
considerable degree of heterogeneity exists among the studies 
with respect to mucinous cyst groups, such as including MCN 
and IPMN data, with various dysplasia grades, in the same 
cohort.16-24 The 2018 European PCL guidelines stated that dif-
ferentiating MCNs from IPMNs according to cyst fluid CEA 
level or cytology was not possible,13 although this statement 
was not supported with evidence.

Kawai et al.,25 Maire et al.,26 and Oppong et al.27 observed 
significantly different cyst fluid CEA levels between LR- and 
HR-IPMNs. However, Correa-Gallego et al.28 reported in-
consistent results about the ability of cyst fluid CEA levels to 
distinguish between LR and HR mucinous cysts in a large 
series of resected IPMNs. In another study by Kucera et al.,29 
a significant correlation was reported between cyst fluid CEA 
level and progressive dysplasia; however, they reported that 
once invasive carcinoma developed, the cyst fluid CEA levels 
markedly declined. In addition, a meta-analysis with signifi-
cant heterogeneity concluded that cyst fluid CEA level was a 
weak indicator of malignancy.22 Our data do not support this 

observation. In this study, HR-IPMNs had significantly higher 
cyst fluid CEA levels than LR-IPMNs (p<0.001) (Fig. 2, Table 
2). A considerable overlap in the range of cyst fluid CEA levels 
among LR and HR cysts has also been reported.30 These find-
ings prompted us to determine two cutoff levels for cyst fluid 
CEA for differentiating LR-IPMNs from HR-IPMNs and LR-
MCNs. 

The diagnostic ability of a cyst fluid CEA cutoff level to 
differentiate LR-IPMNs from LR-MCNs and HR-IPMNs had 
a sensitivity of 100% and 100%, specificity of 75% and 75%, 
PPV of 66.7% and 78.9%, and NPV of 100% and 100%, re-
spectively. A large variation in the sensitivity and specificity of 
cyst fluid CEA levels with various cutoff values was observed 
in earlier studies (Table 3). In the present study, cyst fluid CEA 
level >100 ng/mL was determined to be the cutoff value for 
all patients with histopathologically confirmed HR-IPMN. 
We determined the sensitivity of this cutoff value to be 100%. 
None of the previous studies that determined a cutoff value 
reported a sensitivity of 100%. However, we believe that this 
high sensitivity was due to the separation of HR-IPMNs from 
cystic PDACs. As shown in Table 2, cyst fluid CEA levels in 
cystic PDACs ranged from 0.5 to 134,299 ng/mL.

In previous studies, Maire et al.26 and Hayakawa et al.31 also 
found a high NPV (97% and 100%, respectively) for cyst fluid 
CEA cutoff levels of 200 and 97 ng/mL, respectively. These 
values were useful in differentiating benign from malignant 
lesions, as well as in predicting future malignant transforma-
tion. Our data support their findings and conclusions. We also 
calculated a cutoff value (>100 ng/mL) through ROC curve 
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analysis, which has a 100% NPV for differentiating benign 
from malignant lesions. This finding validates the results of 
Maire et al. and Hayakawa et al.26,31 Studies investigating the 
relationship between preoperative pancreatic juice CEA levels 
and postoperative dysplasia grade of IPMNs found a signifi-
cant correlation between high pancreatic juice CEA levels and 
HR-IPMNs.25,31,32 However, the main disadvantage of pancre-
atic juice studies is the risk of pancreatitis. 

According to our data, cyst fluid CEA levels were signifi-
cantly higher in LR-MCNs than in LR-IPMNs. Nagashio et 
al.23 defined cutoff levels for differentiating between MCNs 
and IPMNs for cyst fluid CEA and CA 125 (67.3 ng/mL and 
10.0 U/mL, respectively) through ROC curve analysis in 18 
IPMNs and 21 MCNs. However, they did not include the his-
topathologic type of the cysts in their cutoff analysis. In this 
study, we determined a cutoff level, >100 ng/mL, that could 
differentiate LR-IPMNs from LR-MCNs with a high AUROC 
(0.93; 95% CI, 0.5–0.8) by considering the degree of dysplasia 
of the cysts.

The present study had several limitations. First, this was a 
single-center, retrospective, observational study that included 
a relatively small number of patients. Second, IPMNs were not 
further classified according to subtype but rather by the degree 
of dysplasia. As data on the histologic subtypes of the IPMNs 
were not available, the correlation between IPMN subtype, 
cyst fluid CEA level, and the risk of malignant transformation 
could not be determined. Third, as we did not have histo-
pathologically verified HR-MCNs with prior cyst fluid CEA 
results, we were unable to compare the data for resected LR-
MCNs with those for HR-MCNs. 

In conclusion, cyst fluid CEA measurement may be used as 
a complementary test not only for differentiating mucinous 
from nonmucinous PCLs, but also for differentiating LR-
IPMNs from LR-MCNs and HR-IPMNs. A cyst fluid CEA 
cutoff level of >100 ng/mL had a 100% NPV for differentiat-
ing LR-IPMNs from LR-MCNs and HR-IPMNs. 
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