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Abstract
Aim: To analyze the use of serum cancer antigen 19-9 (CA19-9), cancer antigen 125 (CA-125) and car-
cinoembryogenic antigen (CEA) in predicting the malignant potential of mucinous ovarian tumor, and to
assess the clinical factors associated with these tumors.
Methods: This retrospective study collected the data from 314 patients who were diagnosed with mucinous
ovarian tumor. These patients had preoperative serum CA19-9, CA-125, CEA available and underwent sur-
gery at Ramathibodi Hospital between January 2010 and December 2016. The diagnostic performance of
CA19-9, CA-125 and CEA was analyzed using the receiver operator characteristic curve. The associations
between clinicopathological factors and serum CA19-9, CA-125 and CEA level were also analyzed.
Results: A total of 314 patients were recruited in this study. They consisted of 221 patients with benign
mucinous ovarian tumor (70.38%), 65 patients with borderline mucinous ovarian tumor (20.70%) and
28 patients with mucinous ovarian carcinoma (8.92%). Multivariate analysis revealed that the tumor size, ele-
vated serum CA19-9, CA-125 and CEA influenced the tumor pathology. The mucinous ovarian tumor with
large tumor size, elevated serum CA19-9, CA-125 and CEA more than the cut off values showed a positive
correlation with the risk ratio of 1.60 (95% CI = 1.13–2.28; P = 0.005), 1.74 (95% CI = 1.22–2.47; P = 0.002),
1.90 (95% CI = 1.34–2.70; P < 0.001), 1.58 (95% CI = 1.10–2.29; P = 0.020), respectively. CA-125 provided the
highest diagnostic performance, with an area under receiver operator characteristic curve of 0.745, to differ-
entiate between borderline, malignant or benign mucinous ovarian tumor.
Conclusion: Preoperative elevation of the serum CA19-9, CA-125, CEA and tumor size are useful predictors
to differentiate between benign, borderline and malignant mucinous ovarian tumor. The best predictor is
CA-125, followed by CA19-9 and CEA.
Key words: CA-125 antigen, CA19-9 antigen, carcinoembryonic antigen, ovarian cancer, ovarian neoplasm.

Introduction

Mucinous ovarian tumors account for 15% of epithe-
lial ovarian tumors.1 These can be categorized
according to the histopathologic characteristics and
clinical behaviors, as benign mucinous ovarian

tumors, mucinous borderline ovarian tumors (mBOT)
and mucinous ovarian carcinoma. Mucinous ovarian
tumor usually presents with a huge pelvic mass, with
or without complication(s), symptomatic or asymp-
tomatic at the diagnostic time. The ultrasonographic
features can be either a huge uniloculated or
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multiloculated ovarian mass. If there are solid nod-
ules, or presence of ascites fluid, borderline or malig-
nant ovarian tumors are to be suspected.

Management of mucinous ovarian tumors is not
different from other histopathologic cell types of ovar-
ian tumor. Factors to be considered include age,
fertility-desire, unilateral or bilateral involvement,
chances of mBOT or malignancy, patients’ health con-
ditions and surgeons’ experiences. In the benign con-
dition, if the patients are young and desire fertility,
the unilateral salpingooophorectomy or ovarian
cystectomy is the treatment of choice depending on
the intraoperative findings. If the bilaterality is pre-
sent, unilateral salpingooophorectomy with unilateral
ovarian cystectomy, or bilateral ovarian cystectomy
can be considered. If mBOT is suspected, the surgery
adopted can be similar to that as for a benign case;
however the excision of suspected peritoneal lesions,
omentectomy or appendectomy if the appendix
appears abnormal should also be performed. The sur-
gery for a malignant mucinous ovarian tumor is the
same as other epithelial ovarian malignancies; which
can be fertility-sparing for stage I. The roles of
intraoperative frozen section for mucinous ovarian
tumors are limited. The accuracy of the frozen
section when compared to the final pathological diag-
nosis has been reported at 65–70% for benign and
mBOT because of the large diameter and high hetero-
geneity. This may be due to the enormous size of
mucinous tumors that require sampling.2,3 Preopera-
tive counseling for ovarian tumors suspicious for
malignancy is very important. As a result of the simi-
lar clinical presentations or ultrasonographic findings
of mucinous tumors, the roles of tumor markers for
the discrimination of the tumors are still controversial.

Cancer antigen 19-9 (CA19-9) is elevated mostly in
gastrointestinal, biliary tract or ovarian tumors, partic-
ularly in mucinous type.1,4–8 Santotoribio and col-
leagues reported the sensitivity and specificity of
CA19-9 in ovarian carcinoma screening were 50% and
97.6%, respectively.9 Other studies showed controver-
sial results, and a limited number of them focused on
the association between mucinous ovarian tumor and
CA19-9.1,10 Cancer antigen 125 (CA-125) is utilized in
mucinous ovarian tumors to predict the risk of malig-
nancy by calculating risk of malignancy index score
which is extensively studied. Approximately 85% of
patients with epithelial ovarian cancer had CA-125
levels of greater than 35 U/mL.11 Carcinoembryogenic
antigen (CEA) rises in colonic and ovarian carcinoma,
with the normal value of <5 ng/mL.8,12 Therefore,

CA19-9, CA-125 and CEA appeared to be important
in gynecologic malignancy screening. This research
aimed to evaluate the performance of these tumor
markers in differentiating between benign, and bor-
derline or malignant mucinous ovarian tumors.

Methods

After approval from the Ramathibodi Institutional
Review Board, this retrospective study collected the
data from 314 patients who presented with ovarian
mass (es). They were admitted for surgery under the
Obstetrics and Gynecology Department, Faculty of
Medicine Ramathibodi Hospital, Mahidol University
between January 2010 and December 2016. The inclu-
sion criteria included those who were diagnosed with
mucinous ovarian tumor by pathological confirmation
with available information of preoperative serum
CA19-9, CA-125 and CEA. The exclusion criteria
included those with incomplete medical records and
those who were diagnosed with other malignancies.
All the pathological slides were reviewed by a gyneco-
logic pathologist to confirm the final diagnosis based
on 2014 WHO classification and rule out metastatic
mucinous tumor. The demographic data included age,
parity, menopausal status, intraoperative tumor size,
tumors’ complication (i.e., rupture, leakage, or tor-
sion), pathological results (i.e., benign, borderline or
malignant) and serum tumor marker before the sur-
gery (CA19-9, CA-125 and CEA with cut off values at
39 U/mL, 35 U/mL and 3.8 ng/mL, respectively).
Descriptive statistics were summarized by frequency
and percentage, mean and standard deviation (SD), or
median and interquartile range, according to the dis-
tribution of data. The univariate analysis was applied
by Pearson’s chi-squared or Fisher’s exact test for
categorical data and Student t-test or Wilcoxon rank-
sum (Mann–Whitney U) test for continuous data,
depending on the distribution of the data. A P-value
of 0.10 was used as a cutoff threshold to select vari-
ables for multivariate analyses. Taken into account of
the outcome of interest, which was the borderline or
malignant pathological results, multiple logistic regres-
sion analysis was performed by forward selection
method. A P-value of 0.05 was considered as the level
of statistical significance. The diagnostic performance
of these tumor markers was obtained by the receiver
operating characteristic (ROC) curve, from which the
area under the curve was used to compare each tumor
marker in the discrimination between benign,
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borderline or malignant mucinous ovarian tumor. All
analyses were performed using STATA version 14.2 sta-
tistical software (StataCorp).

Results

The data of mucinous ovarian tumor patients who
underwent surgery and preoperative examination for
serum CA-19-9, CA-125, and CEA at Ramathidodi
Hospital during January 2010 until December 2016
revealed 314 records. There were 221 patients with
benign mucinous ovarian tumor (70.38%), 65 patients
with borderline mucinous ovarian tumor (20.70%)
and 28 patients with mucinous ovarian carcinoma
(8.92%). The mean age was 47.3 years old. The major-
ity of the patients were multiparous (61.5%) and in
premenopausal status (51.13%). There were
220 patients (72.1%) with serum CA19-9 ≤ 39 U/mL,
212 patients (67.7%) with serum CA-125 ≤ 35 U/mL
and 250 patients (83.9%) with serum CEA ≤ 3.8 U/
mL. For the tumors’ characteristic, the median of
tumor size was 12 cm (range 2–60 cm). Twenty-six
patients presented with bilateral tumor (8.3%) and
22 patients (7.0%) had complications (torsion, rupture
or leakage). The patients’ and tumors’ characteristics

by pathological classification are demonstrated in
Table 1. Univariate analysis revealed the serum
CA19-9, serum CA-125, serum CEA, tumor size and
tumor complications were factors for the multivariate
analysis. Results of the multivariate analysis revealed
that tumor size > 12 cm and elevated CA19-9, CA-125
and CEA influenced tumor pathology as demon-
strated in Table 2. The mucinous ovarian tumor with
tumor size > 12 cm, elevated CA19-9, CA-125 and
CEA more than the cut off values showed the positive
correlation with the risk ratio (RR) of 1.60 (95%
CI = 1.13–2.28; P = 0.005), 1.74 (95% CI = 1.22–2.47;
P = 0.002), 1.90 (95% CI = 1.34–2.70; P < 0.001), 1.58
(95% CI = 1.10–2.29, P = 0.020), respectively. The sen-
sitivity and specificity of each tumor marker (CA19-9,
CA-125 and CEA) in borderline or malignant mucin-
ous ovarian tumor for CA19-9 were 52.7% and 83.8%,
CA-125 were 68.2% and 83.9%, CEA were 31.9% and
90.8%, respectively.

Table 3 demonstrated the diagnostic performance
of each tumor marker in discrimination between bor-
derline or malignant and benign mucinous ovarian
tumor. Comparing between each tumor markers, the
CA-125 provided the highest diagnostic performance
with area under ROC curve of 0.74 as shown in
Figure 1.

Table 1 Clinical characteristics of patients with mucinous tumors

Benign mucinous tumor Borderline or malignant mucinous tumor P-value

Patient characteristics
Age (year); mean (SD) 46.6 (14.6) 49.0 (14.6) 0.19
Parity; median (range) 1 (0–8) 1 (0–7) 0.54

Menopause
No 113 (51.1) 47 (50.5) 0.92
Yes 108 (48.9) 46 (49.5)

Serum CA19-9
≤39 U/mL 176 (83.8) 44 (47.3) <0.001
>39 U/mL 34 (16.2) 49 (52.7)

Serum CA-125
≤35 U/mL 173 (78.6) 39 (42.0) <0.001
>35 U/mL 47 (21.4) 54 (58.1)

Serum CEA
≤3.8 U/mL 188 (90.8) 62 (68.1) <0.001
>3.8 U/mL 19 (9.2) 29 (31.9)

Tumor characteristics
Tumor size (cm); median(range) 10 (2–60) 18 (3–40) <0.001
Bilateral involvement

No 203 (91.9) 85 (91.4) 0.89
Yes 18 (8.1) 8 (8.6)

Torsion/rupture/leakage
No 209 (94.6) 83 (89.3) 0.092
Yes 12 (5.4) 10 (10.8)

Values are presented as number (%).
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Discussion

In predicting malignancy in ovarian tumor patients,
besides history taking and physical examination, the
use of tumor markers as a part of evaluation is also
important. In this study, we focused on mucinous
ovarian tumor, which is a subtype of epithelial ovar-
ian tumor. The well-known tumor marker used in the
preoperative evaluation of epithelial ovarian tumor is
CA-12512,13 but there are limited data in the mucinous
ovarian tumor group. There is evidence supporting
stronger association between serum CA19-9 and
mucinous cell type than other cell types of epithelial
ovarian tumors.1,5 Serum CEA is also commonly used
as a tumor marker in mucinous epithelial ovarian
tumor.12 This study evaluated these 3 serum tumor
markers (CA19-9, CA-125, and CEA) and established
their diagnostic value in the prediction of malignancy
in mucinous ovarian tumors. Also there has been
published data that these tumor markers are also
helpful even in improvement of the accuracy of the
frozen section in mucinous ovarian tumors.3

This retrospective study collected data of 314 patients,
which was a larger sample size than that in previous
studies. In addition to these serum tumor markers,
tumor size is also related to the association of the
malignant or borderline pathological diagnosis of
mucinous ovarian tumor in our findings. In our study,
larger tumor size correlated with borderline or malig-
nant tumors with the median of 18 cm (range
3–40 cm), while that in the benign mucinous tumor
group was 10 cm (range 2–60 cm). This result was simi-
lar to the study by Cho H.Y. and colleagues published
in 2014,5 which demonstrated the association between

the serum CA19-9 and the tumor size. Furthermore,
they also reported that elevation of serum CA19-9 was
associated with the tumor pathology. In their study,
the tumor size was determined by pre-operative ultra-
sonography and used a cutoff of 15 cm. Similarly, Kelly
P.J. and colleagues found that elevated serum CA19-9
was associated with the tumor maximal dimension.1 In
their study, the median of tumor dimension in the pri-
mary ovarian mucinous carcinoma group was 19 cm.
In our study, we collected the data from the operative
notes and calculated the mean tumor size according to
the final pathologic reports which was different from
the mentioned studies. However, the result for the
tumor size was largely similar.
All of the three serum tumor markers (CA19-9, CA-

125, and CEA) had strong association with the tumor
pathology. The elevation above the widely used cut-
off levels of the serum CA19-9 (>39 U/mL), CA-125
(>35 U/mL) and CEA (>3.8 U/mL) was significantly
associated with the borderline or malignant mucinous
tumor with the risk ratio of 1.74 (95% CI = 1.22–2.47),
1.90 (95% CI = 1.34–2.70) and 1.58 (95% CI = 1.10–2.29),
respectively. Moreover, the serum CA-125 demon-
strated the strongest association with the diagnosis of
borderline or malignancy among those mucinous
ovarian tumors, followed by CA19-9 and CEA. The
results correspond to the studies by Tamakoshi,4 Cho5

and Kelly.1 These serum tumor markers also demon-
strated good diagnostic performance. The area under
ROC curve of CA19-9, CA-125 and CEA was 0.68
(95% CI = 0.61–0.75), 0.74 (95% CI = 0.68–0.80), 0.61
(95% CI = 0.53–0.68) respectively. Among these
markers, the serum CA-125 had shown the best diag-
nostic performance, followed by CA19-9 and CEA.

Table 2 Factors associated with borderline pathology or malignancy in mucinous ovarian tumor: multivariate analysis

Factors Risk ratio 95% confidence interval Standard error P-value

Tumor size (>12 cm) 1.60 1.13–2.28 0.301 P = 0.005
CA19-9 > 39 U/mL 1.74 1.22–2.47 0.320 P = 0.002
CA12-5 > 35 U/mL 1.90 1.34–2.70 0.308 P < 0.001
CEA > 3.8 U/mL 1.58 1.10–2.29 0.388 P = 0.020

Table 3 Diagnostic performance of each tumor markers for discrimination of borderline or malignant and benign mucin-
ous ovarian tumor

Tumor markers Sensitivity Specificity Area under ROC curve (95% CI)

CA19-9 52.7% 83.8% 0.686 (0.616–0.756)
CA12-5 68.2% 83.9% 0.745 (0.683–0.808)
CEA 31.9% 90.8% 0.610 (0.535–0.685)
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Our study is a study that evaluated the diagnostic
performance of serum CA-125, CA19-9 and CEA in
mucinous ovarian tumor. Although CA-125 is the best
serum marker in our results, CA19-9 and CEA were
comparable. The results not only answered our
research questions, but also could be applied in clini-
cal practice as one of the preoperative tools for the
differential diagnosis between borderline or malig-
nant and benign mucinous ovarian tumors. The limi-
tations of this study were the retrospective nature of
this research, selection and information bias and
incomplete patient’s data. In addition, routine preop-
erative evaluation of these serum tumor markers has
yet to be implemented.
Preoperative elevation of the serum CA19-9, CA-

125 and CEA was a useful predictor to differentiate
between benign and borderline or malignant mucin-
ous ovarian tumor. In our findings, serum CA-125
had the best diagnostic performance, followed by
serum CA19-9 and CEA, respectively. Tumor size
was also a significant associating factor. We suggest
that the patients with mucinous ovarian tumor who
were suspicious for borderline pathology or malig-
nancy from the clinical manifestation, should undergo
preoperative imaging for evaluation of the tumor size.
In addition, these three serum tumor markers should
also be preoperatively obtained in order to make a
proper surgical plan.
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None declared.

References

1. Kelly PJ, Archbold P, Price JH, Cardwell C, McCluggage WG.
Serum CA19-9 levels are commonly elevated in primary ovar-
ian mucinous tumours but cannot be used to predict the histo-
logical subtype. J Clin Pathol 2010; 63: 169–173.

2. Tempfer CB, Polterauer S, Bentz EK, Reinthaller A,
Hefler LA. Accuracy of intraoperative frozen
section analysis in borderline tumors of the ovary: A retro-
spective analysis of 96 cases and review of the literature.
Gynecol Oncol 2007; 107: 248–252.

3. Zhang W, Jia S, Xiang Y, Yang J, Jia C, Leng J. Factors asso-
ciated with misdiagnosis of frozen section of mucinous bor-
derline ovarian tumor. J Int Med Res 2019; 47: 96–104.

4. Tamakoshi K, Kikkawa F, Shibata K et al. Clinical value of
CA125, CA19-9, CEA, CA72-4, and TPA in borderline ovar-
ian tumor. Gynecol Oncol 1996; 62: 67–72.

5. Cho HY, Kyung MS. Serum CA19-9 as a predictor of malig-
nancy in primary ovarian mucinous tumors: A matched
case-control study. Med Sci Monit 2014; 20: 1334–1339.

6. Pyeon SY, Park JY, Ki KD, Lee JM. Abnormally high level of
CA-19-9 in a benign ovarian cyst. Obstet Gynecol Sci 2015;
58: 530–532.

7. Sagi-Dain L, Lavie O, Auslander R, Sagi S. CEA in evaluation
of adnexal mass: Retrospective cohort analysis and review of
the literature. Int J Biol Markers 2015; 30: e394–e400.

8. Bozkurt M, Yumru AE, Aral I. Evaluation of the importance
of the serum levels of CA-125, CA15-3, CA-19-9,
carcinoembryonic antigen and alpha fetoprotein for dis-
tinguishing benign and malignant adnexal masses and con-
tribution of different test combinations to diagnostic
accuracy. Eur J Gynaecol Oncol 2013; 34: 540–544.

9. Santotoribio JD, Garcia-de la Torre A, Canavate-Solano C,
Arce-Matute F, Sanchez-del Pino MJ, Perez-Ramos S. Cancer
antigens 19-9 and 125 as tumor markers in patients with
mucinous ovarian tumors. Eur J Gynaecol Oncol 2016; 37: 26–29.

10. Choi JH, Sohn GS, Chay DB, Cho HB, Kim JH. Preoperative
serum levels of cancer antigen 125 and carcinoembryonic
antigen ratio can improve differentiation between mucinous
ovarian carcinoma and other epithelial ovarian carcinomas.
Obstet Gynecol Sci. 2018; 61: 344–351.

11. Berek J, Hacker N. Berek & Hacker’s Gynecologic Oncology, 6th
edn. Philadelphia: Wolters Kluwer Health/Lippincott Wil-
liams & Wilkins, 2015.

12. Alberico S, Facca MC, Millo R, Radillo L, Mandruzzato GP.
Tumoral markers (CA 125-CEA) in the screening of ovarian
cancer. Eur J Gynaecol Oncology 1988; 9: 485–489.

13. Buys SS, Partridge E, Greene MH et al. Ovarian cancer screen-
ing in the prostate, lung, colorectal and ovarian (PLCO) cancer
screening trial: Findings from the initial screen of a randomized
trial. Am J Obstet Gynecol 2005; 193: 1630–1639.

0.
00

0.
25

0.
50

0.
75

1.
00

S
en

si
tiv

ity

0.00 0.25 0.50 0.75 1.00
1-Specificity

Figure 1 Diagnostic performance compared between
CA19-9, CA12-5 and CEA for the discrimination of
borderline or malignant and benign mucinous ovar-
ian tumor. ( ) CA-125 ROC area: 0.7473. ( )
CA19-9 ROC area: 0.6793 ( ) CEA ROC area:
0.6122. ( ) Reference
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