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Abstract
BACKGROUND 
Early detection of advanced cystic mucinous neoplasms [(A-cMNs), defined as 
high-grade dysplasia or malignancy] of the pancreas is of great significance. As a 
simple and feasible detection method, serum tumor markers (STMs) may be used 
to predict advanced intraductal papillary mucinous neoplasms (IPMNs) and 
mucinous cystic neoplasms (MCNs). However, there are few studies on the 
usefulness of STMs other than carbohydrate antigen (CA) 19-9 for early detection 
of A-cMNs.

AIM 
To study the ability of five STMs-CA19-9, carcinoembryonic antigen (CEA), 
CA125, CA724, and CA242 to predict A-cMNs and distinguish IPMNs and MCNs.

METHODS 
We mainly measured the levels of each STM in patients pathologically diagnosed 
with cMNs. The mean levels of STMs and the number of A-cMN subjects with a 
higher STM level than the cutoff were compared respectively to identify the 
ability of STMs to predict A-cMNs and distinguish MCNs from IPMNs. A receiver 
operating characteristic curve with the area under curve (AUC) was also created 
to identify the performance of the five STMs.

RESULTS 
A total of 187 patients with cMNs were identified and 72 of them showed A-
cMNs. We found that CA19-9 exhibited the highest sensitivity (SE) (54.2%) and 
accuracy (76.5%) and a moderate ability (AUC = 0.766) to predict A-cMNs. In 
predicting high-grade dysplasia IPMNs, the SE of CA19-9 decreased to 38.5%. The 
ability of CEA, CA125, and CA724 to predict A-cMNs was low (AUC = 0.651, 
0.583, and 0.618, respectively). The predictive ability of CA242 was not identified. 
The combination of STMs improved the SE to 62.5%. CA125 may be specific to the 
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diagnosis of advanced MCNs.

CONCLUSION 
CA19-9 has a moderate ability, and CEA, CA125, and CA724 have a low ability to 
predict A-cMNs. The combination of STM testing could improve SE in predicting 
A-cMNs.

Key Words: Serum tumor markers; Diagnosis; Advanced cystic mucinous neoplasms; 
Mucinous cystic neoplasms; Intraductal papillary mucinous neoplasms

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The value of serum tumor markers (STMs) in predicting advanced cystic 
mucinous neoplasms (A-cMNs) has not been well studied except for carbohydrate 
antigen (CA) 19-9. Our study illustrates for the first time the potential value of multiple 
STMs in the diagnosis of A-cMNs. CA19-9 was the most accurate STM in predicting 
A-cMNs with a moderate ability. CEA, CA125, and CA724 showed a low ability to 
predict A-cMNs. CA125 may be specific to the diagnosis of advanced mucinous cystic 
neoplasms. CA242 was not identified as a useful STM in predicting A-cMNs in our 
study. The combination of STMs could improve sensitivity in predicting A-cMNs.

Citation: Sun LQ, Peng LS, Guo JF, Jiang F, Cui F, Huang HJ, Jin ZD. Validation of serum 
tumor biomarkers in predicting advanced cystic mucinous neoplasm of the pancreas. World J 
Gastroenterol 2021; 27(6): 501-512
URL: https://www.wjgnet.com/1007-9327/full/v27/i6/501.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i6.501

INTRODUCTION
Pancreatic cystic lesions (PCLs) are being detected more frequently due to 
advancements in radiological technologies. Their prevalence ranges from 1.9% to 
49.1% in different races[1-3]. The primary management goal of PCLs is to correctly 
identify malignant and invasive PCLs. Serum tumor markers (STMs) may play an 
adjunct role to imaging features in the evaluation of PCLs.

Cystic mucinous neoplasms (cMNs) of the pancreas, including mucinous cystic 
neoplasms (MCNs) and intraductal papillary mucinous neoplasms (IPMNs), have the 
potential to undergo malignant transformation, which is a cause for concern. Early 
detection of cMNs with high-grade dysplasia or invasive cancer [advanced cMNs (A-
cMNs)] is important for improving prognoses.

MCN and IPMN have different biological behaviors and originate from different 
embryonic layers[4]. Although they may have similar imaging presentations, especially 
branch duct IPMN and MCN, they are different tumor types. Theoretically, they may 
also show different specific STMs. However, there is little available data demon-
strating the difference.

STM testing is accessible in routine health checkups. It is more suitable as a 
screening modality than cross-imaging technologies. Several STMs, including 
carbohydrate antigen (CA) 19-9, carcinoembryonic antigen (CEA), CA125, CA724, and 
CA242, have been reported to be associated with the presence, metastasis, and 
recurrence of pancreatic adenocarcinoma[5-9]. However, the value of these STMs for 
PCLs is not well studied except for CA19-9 and CEA. CA19-9 is considered an 
independent predictor of malignancy in PCLs by many guidelines[10-12]. The value of 
CEA is mostly based on evidence of cyst fluid analyses, and it has the ability to 
distinguish mucinous from non-mucinous PCLs[13]. The sensitivity (SE) of CEA in 
serum is considered relatively low in predicting advanced IPMNs[14-16]. No previous 
studies have reported the value of CA125, CA724, or CA242 in predicting A-cMNs.

To evaluate the ability of CA19-9, CEA, CA125, CA724, and CA242 in predicting A-
cMNs and whether the STM levels vary in MCNs and IPMNs, we conducted a 
retrospective cohort study of 187 patients diagnosed with PCLs and assessed their 
STM levels. Although we have obtained some promising findings, as a retrospective 
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study with incomplete data, these findings need to be further confirmed by multi-
center prospective studies.

MATERIALS AND METHODS
Patients
We conducted a retrospective study at Changhai Hospital affiliated to Second Military 
Medical University, one of the largest pancreatic disease research centers in Shanghai, 
China. Patients who underwent surgical resection for an identified pancreatic cyst and 
whose final pathological outcomes were identified with cMNs were included in our 
study. A-cMNs were defined as MCNs and IPMNs with high-grade dysplasia or 
malignancy identified by pathological outcomes. Patient demographics, pathologic 
data, and STMs were extracted. The Institutional Review Board of Changhai Hospital 
approved the study.

The decision regarding surgical treatment was made by our multidisciplinary 
hepato-pancreatobiliary team for the vast majority of patients according to the FG 
guidelines of 2006 and 2012[17,18]; the decisions for the remaining cases were made 
according to the patients’ own wishes.

Serum tumor marker analyses
Serum CA19-9, CA125, CA724, CA242, and CEA were measured by using 
electrochemiluminescence immunoassays on a Roche Cobas E601 immunoassay 
analyzer (Roche Diagnostics, Mannheim, Germany) equipped with dedicated reagents, 
according to the manufacturer’s instructions. All of the assays were carried out at the 
Department of Laboratory Medicine, Changhai Hospital.

In our center, the cutoff values for STMs were: CA19-9, 37.0 U/mL; CEA, 5.0 
ng/mL; CA125, 35.0 U/mL; CA724, 9.8 U/mL; and CA242, 20.0 U/mL. The mean 
levels of STMs and the number of A-cMN subjects with a higher STM level than the 
cutoff were compared to identify the ability of STMs to predict A-cMNs. STMs with a 
significant difference between A-cMNs and non-A-cMNs for both the mean level and 
number of subjects were considered to have the ability to predict A-cMNs. A receiver 
operating characteristic curve was created to identify the true ability of these STMs in 
predicting A-cMNs. STMs with areas under curve (AUCs) higher than 0.9, 0.7-0.9, and 
lower than 0.7 were considered to have strong, moderate, and low abilities in 
predicting A-cMNs, respectively. The SE, specificity (SP), and accuracy (AC) were also 
calculated to measure performance of the five STMs. For combination analysis, if any 
of these STM levels were elevated (higher than the cutoff level) in one subject, the 
combination was considered positive.

Statistical analysis
Categorical data were reported as frequencies or percentages. Continuous data are 
reported as the mean ± SD. Two-tailed Student’s t tests for continuous variables and 
chi-square tests for categorical variables were used to identify predictors of A-cMNs. 
The Z test was calculated to determine whether the AUCs are significantly different 
between STMs. P < 0.05 was considered statistically significant. Data were analyzed 
with IBM Statistic Package for Social Science Statistics version 22.0 (IBM Corp., 
Armonk, NY, United States).

RESULTS
Patient selection and characteristics
From January 2013 to June 2019, 187 patients were identified with cMNs by surgical 
resection specimens in our center and were included in our study. Of the 187 patients, 
151 (80.7%) had IPMNs, and 36 (19.3%) had MCNs. Of the 151 IPMN subjects, 46 
IPMNs with invasive cancer and 13 IPMNs with high-grade dysplasia were identified. 
Of the 36 MCN subjects, 12 MCNs with invasive cancer and one MCN with high-grade 
dysplasia (HGD) were identified. In total, 72 advanced-cMNs were included in our 
study. The mean age of the overall study cohort was 60.2 ± 11.9 years, and males (109, 
58.3%) were slightly more predominant than females (78, 41.7%). The median cyst size 
(interquartile range) of the study cohort was 28.5 mm (19-42 mm). The number of 
patients with cysts located in the pancreatic head/body/tail/whole pancreas was 111, 
31, 30, and 15, respectively (Table 1). Male sex (P = 0.001), aging (P = 0.014), and large 
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Table 1 Baseline characteristics and performance of each serum tumor maker in predicting advanced cystic mucinous neoplasms

Overall Benign Advanced P value1

Patients characteristics (n = 187)

Male (n, %) 109 (58.3) 63 (54.8) 46 (63.9) 0.007

Age (Median, IQR) 62 (54-68) 61 (51-68) 63.5 (56-70) 0.014

Cyst size (Median, IQR, mm) 28.5 (19-42) 24.5 (15-37) 38.5 (28-59.5) < 0.0001

Location (H/B/T/D) 111/31/30/15 63/20/20/10 48/11/10/5

CA19-9 (n = 187)

Median, IQR (U/mL) 10.11(4.4-52.9) 7.1(3.4-16.3) 55.5 (9.3-319.3) < 0.0001

≥ 37/< 37 U/mL 50/137 11/104 39/33 < 0.0001

CEA (n = 187)

Median, IQR (ng/mL) 2.37 (1.54-3.98) 2.23 (1.5-3.3) 3.1 (2.02-5.2) < 0.0001

≥ 5/< 5 ng/mL 27/160 9/106 18/54 0.001

CA125 (n = 135)

Median, IQR (U/mL) 12.2 (8.2-18.8) 12.1 (7.0-16.8) 12.75 (8.9-23.4) 0.002

≥ 35 /< 35 U/mL 10/125 1/82 9/43 0.002

CA724 (n = 116)

Median, IQR (U/mL) 1.6 (1.025-3.15) 1.44 (1.0-2.66) 2.4 (1.07-6.8) 0.014

≥ 9.8/< 9.8 U /mL 10/106 3/70 7/36 0.05

CA242 (n = 31)

Median, IQR (U/mL) 7.13 (3.6-12.7) 5.35 (2.7-7.9) 11.1 (6.95-31.7) 0.136

≥ 20/< 20 U/mL 6/25 1/15 5/10 0.08

1P values were based on student’s t test comparing mean values of each serum tumor maker. cMN: Cystic mucinous neoplasm; IQR: Interquartile range; 
CEA: carcinoembryonic antigen; CA: Carbohydrate antigen.

cyst size (P < 0.0001) were associated with the malignant transformation of MNs.

Performance of each STM in predicting advanced cystic mucinous neoplasms
Receiver operating characteristic curves are demonstrated in Figure 1. The baseline 
characteristics and performance of each STM, including the overall characteristics and 
the classification of benign vs malignant by surgical pathology, are shown in Table 1. 
The SE, SP, positive predictive value, negative predictive value, AC, and AUC of each 
STM and their combination in predicting A-cMNs are presented in Table 2.

Serum CA19-9 tests were available for all 187 subjects. The mean CA19-9 level was 
121.3 ± 10.11 U/mL, and CA19-9 ≥ 37 U/mL was observed in 50 subjects, including 39 
advanced cases. Serum CEA tests were also available for all 187 subjects. The mean 
CEA level was 3.46 ± 3.75 ng/mL, and CEA ≥ 5 ng/mL was observed in 27 subjects, 
including 18 advanced cases. Serum CA125 tests were available for 135 (72.2%) 
subjects, and the mean level was 17.65 ± 21.56 U/mL. An elevated CA125 level ≥ 35 
U/mL was observed in ten subjects, including nine advanced cases. Serum CA724 
tests were available for 116 (62%) subjects, and the mean level was 5.46 ± 17.56 U/mL. 
An elevated CA724 level ≥ 9.8 U/mL was observed in ten subjects, including seven 
advanced cases. Serum CA242 tests were available for 31 (16.6%) subjects, and the 
mean level was 32.12 ± 92.2 U/mL. An elevated CA242 Level ≥ 20 U/mL was observed 
in six subjects, including five advanced cases (Table 1).

CA19-9 (both P < 0.0001), CEA (P < 0.0001 and 0.001), CA125 (both P = 0.002), and 
CA724 (P = 0.014 and 0.05) all had the ability to predict A-cMNs because they showed 
significant differences in mean levels between the benign and advanced groups and in 
the number of advanced cases with a higher STM level than the cutoff (Table 1). These 
STMs had relatively high SP (90.4%, 92.17%, 98.8%, and 95.9%). However, their SE was 
suboptimal (54.2%, 25%, 17.3%, and 16.3%) (Table 2). Comparing their AUCs, CA19-9 
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Table 2 Performance of five serum tumor makers in predicting advanced cystic mucinous neoplasms

SE (95%CI) SP (95%CI) PPV (95%CI) NPV (95%CI) AC AUC P value

CA19-9 (%) 54.2 (42.1-65.8) 90.4 (83.2-94.5) 78 (63.6.7-88) 75.9 (67.7-82.6) 76.5 0.766

CEA (%) 25 (15.9-45.9) 92.17 (85.26-96.13) 66.67 (46-82.8) 66.3 (58.3-73.4) 66.31 0.651 0.04

CA125 (%) 17.3 (8.7-30.8) 98.8 (92.54-99.9) 90 (54.1-99.5) 65.5 (56.5-73.7) 67.4 0.583 0.004

CA724 (%) 16.3 (7.3-31.3) 95.9 (87.7-98.9) 70 (35.4-91.9) 66 (56.1-74.8) 66.4 0.618 0.03

CA242 (%) 31.25 (12.1-58.5) 93.3 (66-99.7) 83.3 (36.5-99.1) 56 (35.3-75) 61.3 0.758 0.81

CA199 ± any one of 
other STMs 

62.5 (50.3-73.4) 83.5 (75.1-89.5) 70.3 (57.4-80.8) 78 (69.5-84.8) 75.4 0.715 0.32

P value: Comparison results of areas under curves for carbohydrate antigen 19-9 and other serum tumor makers in predicting advanced-cystic mucinous 
neoplasms. SE: Sensitivity; SP: Specificity; PPV: Positive predictive value; NPV: Negative predictive value. AC: Accuracy; AUC: Area under curve; CA: 
Carbohydrate antigen; STM: Serum tumor maker.

had a significantly better performance (0.766) than CEA (0.651, P = 0.04), CA125 (0.583, 
P = 0.004), and CA724 (0.618, P = 0.03). CEA, CA125, and CA724 had comparable 
performances in predicting A-cMNs (P > 0.05 for all) (Table 3).

The ability of CA242 to predict A-cMNs was not identified by our study. We found 
no significantly higher mean level nor any significantly greater number of subjects 
with a higher STM level than the cutoff in the advanced groups (P = 0.136 and 0.08) 
despite the comparable AUC to CA19-9 (0.758, P = 0.81). The combination of STMs 
increased the SE to 62.5%, but the SP decreased to 83.5%. However, the diagnostic AC 
remained high (75.4%) (Table 2). The AUC was comparable to that of CA19-9 alone (P 
= 0.32).

Performance of STMs in predicting advanced IPMNs and MCNs
In all 151 IPMN subjects, both CA19-9 and CEA were available. CA125, CA724, and 
CA242 were available in 109, 96, and 28 subjects, respectively. CA19-9, CEA, and 
CA724 were identified as having definite abilities in predicting advanced IPMNs 
(Table 4).

In all 36 MCN subjects, both CA19-9 and CEA were available. CA125, CA724, and 
CA242 were available in 26, 20, and 3 subjects, respectively. CA19-9, CEA, and CA125 
were identified as having definite abilities in predicting advanced MCNs. Moreover, 
the subjects with advanced MCN were much older than those with non-advanced 
MCN (P = 0.005) (Table 5).

The mean level and elevated number of subjects for CA19-9, CEA, CA724, and 
CA242 were not significantly different between advanced MCNs and IPMNs. 
However, the mean CA125 Level in advanced MCNs was 74.4 ± 60.3 U/mL, which 
was much higher than that in advanced IPMNs (17.3 ± 16.4 U/mL, P < 0.0001). CA125 
tests were available in 7 of 13 advanced MCNs, and five (71.4%) subjects had elevated 
CA125 Levels. Meanwhile, CA125 tests were available in 45 of 59 advanced IPMNs, 
and four (8.9%) subjects had elevated CA125 levels. The number of subjects with 
elevated CA125 levels in advanced MCNs was also higher than that in IPMNs (P < 
0.0001) (Table 6). The SE, SP, AC, and AUC of the standard serum CA125 cutoff level 
(35 U/L) in differentiating advanced MCNs and advanced IPMNs were 71.4%, 91.1%, 
88.5%, and 0.779, respectively. Therefore, in addition to the ability to predict A-cMNs, 
serum CA125 testing may be useful to differentiate advanced MCNs and advanced 
IPMNs.

Performance of each STM in predicting high-grade dysplasia IPMN
Thirteen cases of IPMN and one case of MCN with high-grade dysplasia were 
identified in our study. Due to the small number of MCNs with HGD, we only 
assessed the performance of STMs in predicting IPMN with HGD. CA19-9 and CEA 
were both available in all 13 HGD IPMNs. The mean levels of CA19-9 and CEA were 
182.5 ± 356.5 U/mL and 3.77 ± 2.17 ng/mL for HGD IPMNs, respectively. There were 
five cases with CA19-9 levels > 37 U/mL and three cases with CEA levels > 5 ng/mL. 
In addition, seven patients with HGD IPMNs were tested for CA125 (mean level 10.9 ± 
2.17 U/mL), five for CA724 (mean level 3.09 ± 2.4 U/mL), and three for CA242 (mean 
level 172.7 ± 283.5 U/mL). Comparison of levels of the five STMs between benign and 
HGD IPMN patients showed that only CA19-9 had the ability to predict HGD IPMNs. 
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Table 3 Receiver operating characteristic curve comparison analyses of each serum tumor marker

ROC curve ΔAUC1 Standard error Z statistic P value

CA19-9 vs CEA 0.115 0.038 and 0.042 2.03 0.04

CA19-9 vs CA125 0.183 0.038 and 0.051 2.88 0.004

CA19-9 vs CA724 0.148 0.038 and 0.058 2.14 0.03

CA19-9 vs CA242 0.008 0.038 and 0.090 0.08 0.81

CEA vs CA125 0.068 0.042 and 0.051 1.03 0.30

CEA vs CA724 0.033 0.042 and 0.058 0.46 0.62

CA125 vs CA724 0.035 0.051 and 0.058 0.45 0.63

1ΔAUC: The gap between the two areas under the curves. CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen; ROC: Receiver operating 
characteristic; AUC: Area under curve.

Table 4 Performance of each serum tumor maker in predicting advanced intraductal papillary mucinous neoplasms

Overall Benign Advanced P value1

CA19-9 (n = 151)

Median, IQR (U/mL) 9.7 (3.75-46.3) 6.05 (3.1-15.2) 46.3 (9.0-166.4) < 0.0001

≥ 37/< 37 U/mL 40/111 9/83 31/8 < 0.0001

CEA (n = 151)

Median, IQR (ng/mL) 2.7 (1.85-4.16) 2.46 (1.67-3.44) 3.1 (2.05-5.3) 0.002

≥ 5/< 5 ng/mL 24/127 9/83 15/44 0.01

CA125 (n = 109)

Median, IQR (U/mL) 11.9 (8.0-17.35) 11.65 (6.8-16.6) 12.1 (8.7-18.8) 0.051

≥ 35 /< 35 U/mL 5/104 1/63 4/41 0.182

CA724 (n = 96)

Median, IQR (U/mL) 1.64 (1.04-3.17) 1.44 (1.02-2.7) 2.5 (1.16-6.8) 0.022

≥ 9.8/< 9.8 U /mL 9/87 2/56 7/31 0.035

CA242 (n = 28)

Median, IQR (U/mL) 7.44 (4.1-12.7) 5.7 (3.6-8.23) 9.8 (6.9-20.7) 0.174

≥ 20/< 20 U/mL 5/23 1/12 4/11 0.416

1P values were based on student’s t test comparing mean values of each serum tumor maker. CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen; 
IQR: Interquartile range.

The SE, SP, AC, and AUC values of CA199 for differentiating HGD IPMNs and benign 
IPMNs were 38.5%, 90.2%, 83.8%, and 0.643, respectively.

DISCUSSION
Due to the absence of reliable standards for distinguishing advanced PCLs from non-
advanced PCLs, the clinical management of PCLs remains difficult. PCLs, especially 
cMNs, have the potential to undergo carcinogenesis, and malignant transformation 
may take a relatively long time[3]. Therefore, early detection of A-cMNs is key to the 
management of PCLs. Current guidelines recommend long-term, routine yearly 
surveillance by magnetic resonance imaging (MRI)/magnetic resonance cholangio-
pancreatography (MRCP), and/or endoscopic ultrasound (EUS)[10-12]. The benefit of 
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Table 5 Performance of each serum tumor maker in predicting advanced mucinous cystic neoplasms

Overall Benign Advanced P value1

CA19-9 (n = 31)

Median, IQR (U/mL) 14.7 (7.3-108.1) 7.73 (5.63-24.2) 157 (15.7-1100) 0.001

≥ 37/< 37 U/mL 10/26 2/21 8/5 0.003

CEA (n = 31)

Median, IQR (ng/mL) 1.5 (1.05-2.58) 1.5 (1.0-1.87) 2.56 (1.31-5.57) 0.004

≥ 5/< 5 ng/mL 3/33 0/23 3/10 0.04

CA125 (n = 26)

Median, IQR (U/mL) 14.5 (10.0-25.7) 14.4 (9.2-20.1) 68.6 (11.9-125) < 0.0001

≥ 35 /< 35 U/mL 5/21 0/19 5/2 < 0.0001

CA724 (n = 20)

Median, IQR (U/mL) 1.5 (0.96-2.7) 1.52 (0.99-2.24) 1.53 (0.8-6.8) 0.538

≥ 9.8/< 9.8 U /mL 1/19 1/14 0/5 1.00

CA242 (n = 3)

Median, IQR (U/mL) 2.39 (0.1) 1.25 (0.1) 35.35 Not applicable

≥ 20/< 20 U/mL 1/2 0/2 1/0 0.333

1P values were based on student’s t test comparing mean values of each serum tumor maker. CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen; 
IQR: Interquartile range.

Table 6 Comparison of serum carbohydrate antigen 125 levels in mucinous cystic neoplasms and intraductal papillary mucinous 
neoplasms

Overall Benign Advanced

mean ± SD (U/mL) (IPMN) 14.6 ± 12.2 12.7 ± 7.56 17.3 ± 16.4

mean ± SD (U/mL) (MCN) 30.5 ± 40.5 14.3 ± 6.4 74.4 ± 60.3

Comparison P value 0.001 0.69 < 0.0001

≥ 35/< 35 U/mL (IPMN) 5/104 1/63 4/41

≥ 35/< 35 U/mL (MCN) 5/21 0/19 5/2

Comparison P value 0.03 1.00 < 0.0001

MCN: Mucinous cystic neoplasm; SD: Standard deviation; IPMN: Intraductal papillary mucinous neoplasm.

yearly surveillance in reducing pancreatic cancer-related mortality remains to be 
established. Further, routine surveillance may impose psychological and economic 
burdens[19]. STMs are much more accessible than MRI/MRCP/EUS, which can be 
obtained during health checkups. The value of STMs in predicting advanced PCLs 
remains to be fully elucidated.

The role of STMs in the early detection of pancreatic ductal adenocarcinoma (PDA) 
is doubtful due to their low SE. However, as a tumor progresses, the level of STMs 
increases[14]. Moreover, the 5-year survival rate after surgical resection of A-MNS was 
much higher than that of PDA[20-23]. In other words, although STMs may not be able to 
detect early A-MNs, they can contribute to finding late A-MNs that are more indolent 
than PDA, and the prognosis is still satisfactory[24]. Thus, unlike the role of STMs in 
PDA, STM testing may play a more active role in the management of PCLs.

CA19-9 was widely acknowledged as the most accurate STM for predicting A-
cMNs, and the value of CA19-9 was also identified in our study. Although false 
negative results and false positive results (caused by biliary tract obstruction and 
inflammation, pancreatitis, and other digestive cancers)[9] limit its clinical application, 
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Figure 1 Receiver operating characteristic curves. A: Carbohydrate antigen (CA) 19-9 + carcinoembryonic antigen; B: CA125; C: CA724; D: CA242; and E: 
Their combination in the diagnosis of advanced cystic mucinous neoplasms of the pancreas.

it is still widely used in the management of PCLs. The pooled SE for CA19-9 in 
predicting advanced PCLs was approximately 40% by a meta-analysis[14]. As our study 
showed, although the best performances were observed in all analysis groups, the SE 
was suboptimal, and the AUC for CA19-9 was 0.766, which indicated that the ability of 
CA19-9 to predict A-cMNs was moderate. Moreover, if merely based on the commonly 
used cutoff (37 U/mL), up to 33/72 (45.8%) malignant subjects would be considered 
negative, and 11/115 (9.6%) benign subjects would be considered positive. 
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Furthermore, we for the first time report that CA19-9 was still a useful diagnostic tool 
for predicting HGD IPMNs, but the SE and AUC decreased as expected.

The reported SE and SP of CEA for IPMNs were 18% and 93%, respectively[14]. In 
our study, serum CEA detection had the ability to distinguish A-cMNs from non-A-
cMNs. However, the AUC for CEA was 0.651, and the SE was 25%. Both indicators 
performed worse than CA19-9. The results indicated that the predictive value of CEA 
for A-cMNs was low. Therefore, it is essential to explore other biomarkers to 
supplement CA19-9 and CEA to improve the diagnosis of A-cMNs.

Our study identified CA125 and CA724 as useful STMs in predicting A-cMNs with 
a relatively low SE (17.3% and 16.3%) and low AUC (0.583 and 0.618), which indicated 
that both STMs were weak predictors of A-cMNs. Therefore, CA125 and CA724 could 
not be identified as valuable screening markers for A-cMNs alone despite their 
relatively high SP (98.8% and 95.9%). Nevertheless, we identified that serum CA125 
was more likely a predictor of advanced MCN than advanced IPMN. The results were 
similar to those of two recently published studies[25,26]. The possible reason may be the 
tissue histogenesis of MCN. Elevated CA125 levels are common in serous ovarian 
tumors. However, for mucinous ovarian tumors, an increase in serum CA125 levels is 
not uncommon[27]. MCNs and mucinous ovarian tumors both originate from 
primordial germ cells[4], and ovarian-like stroma can be obtained from the tissue of 
advanced MCNs[28]; thus, advanced MCNs may theoretically have an increased CA125 
level as well as ovarian tumors. If a patient's serum CA125 level is elevated, it may be 
necessary to examine the pancreas to exclude advanced MCNs after an ovarian 
examination. However, the result was concluded from a small sample size, and the 
true value of CA125 in the management of A-cMNs needs to be further studied.

We did not find that CA242 showed predictive value. This may be due to our 
study’s small sample size. The recognition of CA242 has not been established until 
recent years in our hospital. As a result, there were fewer patients who underwent 
CA242 testing in our hospital than those who were tested for other STMs. However, 
CA242 had a comparable AUC to CA19-9 (0.758 vs 0.766, P = 0.81). The value of CA242 
in PCLs may be verified by enlarging the sample size.

The combination of multiple STMs can improve their diagnostic AC in pancreatic 
cancer[5]. However, no one has explored this field in PCLs. In our study, the 
combination of STMs slightly increased the SE of CA19-9 to 62.5%. However, the SP 
decreased to 83.5%, and the AUC decreased to 0.715. The bias may exist due to the 
incomplete data for CA125, CA724, and CA242. Overall, the more data from these 
incomplete STMs that were included in our study, the more positive subjects were 
associated with combined results, and the SE was improved. Since STMs are the 
modalities for screening, the high SE of the combination will lead to more subjects 
undergoing further imaging evaluation to avoid missed diagnosis of advanced cases, 
which we deem justified. In addition, the reported AC of CT for identifying benign 
from malignant cysts was 71%–80%, and the AC of MRI or MRCP for differentiating a 
benign from a malignant cyst ranged from 55% to 76%[12]. The diagnostic accuracies 
were very similar to the AC of STMs that we reported in this research. Although 
imaging modalities can provide more information, we still believe that as a screening 
tool, serum STM detection may play a role in the management of PCLs.

Our study has limitations that merit discussion. First, this work was designed to be 
a retrospective, single-center study; hence, selection bias could not be completely 
avoided. Thus, the results of this study might not be applicable to other medical 
settings. Second, the CA125, CA724, and CA242 data were incomplete, which might 
influence the statistical results and decrease the AC of the combination analysis. Third, 
our analysis focused on cMNs. The application of our study might be limited in 
clinical practice due to the difficulty of making a definitive diagnosis preoperatively. 
Fourth, due to the lack of data, other STMs associated with pancreatic cancer, such as 
CA50, were not included.

CONCLUSION
In conclusion, this is the first study to illustrate the potential value of multiple STMs 
for the diagnosis of A-cMNs. CA19-9 is the most accurate STM for predicting A-cMNs, 
showing a moderate ability. CEA, CA125, and CA724 present a low ability to predict 
A-cMNs. CA125 may be specific to the diagnosis of advanced-MCNs. CA242 is not 
identified as a useful STM for predicting A-cMNs in our study; however, the AUC for 
CA242 is comparable to that for CA19-9. Thus, a greater sample size will be necessary 
to identify the true value of CA242. A combination of the five STMs could improve SE 
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in predicting A-cMNs.

ARTICLE HIGHLIGHTS
Research background
Early detection of advanced cystic mucinous neoplasms (A-cMNs) of the pancreas is 
key to the management of pancreatic cystic lesions (PCLs) in relation to the 
carcinogenic potential of cMNs. However, the long-term, routine yearly surveillance 
by imaging methods recommended by the current guidelines will impose heavy 
psychological and economic burdens on patients.

Research motivation
As an economical and feasible detection method, serum tumor markers (STMs) can be 
obtained during ordinary health checkups. However, the role of STMs in predicting 
advanced PCLs remains elusive. In view of the consistency between the increasing 
level of STMs and tumor progression, STM detection may play an important role in 
the early diagnosis of advanced PCLs.

Research objectives
This study aimed to evaluate the ability of five common serum tumor markers to 
predict A-cMNs separately and in combination. The relevant research results may be 
beneficial to the management of PCLs and the optimization of guidance or consensus.

Research methods
This retrospective cohort study mainly measured the levels of serum carbohydrate 
antigen (CA) 19-9, carcinoembryonic antigen (CEA), CA125, CA724, and CA242 in 
patients pathologically diagnosed with cMNs to identify the ability of these STMs to 
predict A-cMNs and distinguish mucinous cystic neoplasms (MCNs) from intraductal 
papillary mucinous neoplasms. A receiver operating characteristic curve with an area 
under curve and the sensitivity (SE), specificity (SP), and accuracy were also created to 
identify the performance of the five STMs.

Research results
CA19-9 showed the highest SE and accuracy and a moderate ability to predict A-
cMNs. The ability of CEA, CA125, and CA724 to predict A-cMNs was low. The 
predictive ability of CA242 was not identified. A combination of STMs could improve 
SE. CA125 was more likely a predictor of advanced MCNs than advanced intraductal 
papillary mucinous neoplasms.

Research conclusions
CA19-9 showed a moderate ability, and CEA, CA125, and CA724 showed a low ability 
to predict A-cMNs. Detection of multiple STMs could improve SE in predicting A-
cMNs, which has great potential to improve the early diagnosis rate of advanced PCLs 
in clinical practice. CA125 may be specific to the diagnosis of advanced MCNs and can 
be used as a reminder for physicians not to ignore pancreatic examination in patients 
with elevated CA125.

Research perspectives
A multicenter prospective study that monitors PCL patients with detailed data on 
serum tumor markers should be performed.
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