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Mucinous ovarian tumors are classified into benign, borderline,
and malignant types, each with distinct histologic and surgical implications.
Ultrasound can detect these tumors but has limited accuracy in
differentiating subtypes. The role of tumor markers carcinoembryonic
antigen (CEA), cancer antigen 125 (CA-125), and cancer antigen 19-9
(CA19-9) is still under investigation, and more research is needed to
determine their diagnostic accuracy and clinical usefulness in
the management of ovarian cancer.

To evaluate the diagnostic performance of serum tumor markers CEA,
CA-125, and CA19-9 in distinguishing between benign, borderline,
and malignant subtypes of mucinous ovarian tumors.

This retrospective study analyzed clinical and pathological data from 294
patients diagnosed with mucinous ovarian tumors who underwent surgery
at Maharat Nakhon Ratchasima Hospital between January 2015 and
December 2021. Preoperative serum levels of CA19-9, CA-125, and CEA
were recorded and analyzed. Diagnostic performance was assessed using
sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), and receiver operating characteristic (ROC) curve analysis.
Among the patients, 164 (55.8%) had benign tumors, 74 (25.1%) had
borderline tumors, and 56 (19.1%) had malignant tumors. Serum CEA
showed the strongest association with borderline or malignant pathology
(risk ratio = 2.3, 95% Cl: 1.8-3.0) and had the highest diagnostic accuracy
(AUC = 0.738). CA19-9 and CA-125 had lower AUC values (0.679 and
0.682, respectively). When used individually, all markers had limited
sensitivity and specificity. However, the combination of CEA and CA19-9
yielded a specificity of 97.2% and a PPV of 94.3% for diagnosing
borderline or malignant tumors. When all three markers were within
normal ranges, the sensitivity and NPV for excluding malignancy were
81.9% and 70.0%, respectively.

CEA, CA19-9, and CA-125 are useful serum tumor markers in differentiating
subtypes of mucinous ovarian tumors. While individual markers show
limited diagnostic performance, a multi-marker approach significantly
enhances diagnostic accuracy and supports more informed preoperative
decision-making.

Mucinous ovarian tumor, CEA, CA-125, CA19-9, tumor markers, ovarian

cancer, diagnosis, ROC curve, borderline ovarian tumor, mucinous carcinoma

Ui 40 avuit 3 Auneu-sunau 2568 Vol.40 No.3 September-December 2025



MIasnMsumdlsmenuiaiasiny giuns yisud
MEDICAL JOURNAL OF SRISAKET SURIN BURIRAM HOSPITALS

Background

Mucinous ovarian tumor is a subtype of
ovarian tumor characterized by its production
of mucin, a glycoprotein that is typically found
in mucus-secreting cells”. These tumors can
range from benign to malignant and are classified
based on their biological behavior and
histological features.

Mucinous ovarian tumors are histologically
classified into three main subtypes based on
their biological behavior: mucinous cystadenomas,
mucinous borderline ovarian tumors, and
mucinous ovarian carcinomas. Mucinous
cystadenomas are benign neoplasms that
typically present as large, multilocular cystic
masses. Mucinous borderline ovarian tumors are
considered to have low malignant potential
and represent an intermediate form, which may
or may not progress to invasive carcinoma.
In contrast, mucinous ovarian carcinomas are
malignant neoplasms characterized by a higher
propensity for recurrence and metastatic spread.
Mucinous ovarian tumor usually presents with
a huge pelvic mass, with or without symptoms
at the diagnostic time.

The ultrasonographic appearance of
these tumor subtypes can be similar, making
it difficult to differentiate between these
conditions based on ultrasound alone. However,
there are some characteristic features that can
help in the diagnosis"”. Mucinous cystadenomas
typically present as large, well-circumscribed
cystic masses with thin, smooth walls and
homogeneous mucinous fluid content. Mucinous
borderline ovarian tumors may exhibit similar
features; however, they often demonstrate

thicker cyst walls and the presence of internal

septations. In contrast, mucinous ovarian
carcinomas are usually identified as complex
cystic masses with thick, irregular walls,
heterogeneous internal contents, and, in some
cases, signs of local tissue invasion or malignant
cells within the cystic fluid.

In general, the sensitivity of ultrasonography
in detecting ovarian tumors is estimated to be
around 70-90%. The specificity of ultrasonography
in differentiating between Mucinous
cystadenomas, Mucinous borderline ovarian
tumors, and Mucinous ovarian carcinomas can
vary, with some studies reporting values as
low as 60-70% for differentiation between
cystadenomas and carcinomas”.

The surgical approach for Mucinous
cystadenomas is typically minimally invasive,
such as a laparoscopic or robotic-assisted
procedure. The goal of the surgery is to remove
the entire tumor and preserve as much normal
tissue as possible. In most cases, only
the affected ovary and fallopian tube need to be
removed, allowing for preservation of the other
ovary and uterus.

For Mucinous borderline ovarian tumor,
the surgical approach may be more extensive,
the excision of suspected peritoneal lesions,
omentectomy or appendectomy if the appendix
appears abnormal should also be performed.

The surgical approach for mucinous
ovarian carcinoma is much more extensive,
with the goal of removing as much of the cancer
as possible. The procedure may involve a total
hysterectomy (removal of uterus and cervix),
bilateral salpingo-oophorectomy (removal of
both ovaries and fallopian tubes), and lymph

node dissection. The extent of the surgery will
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depend on the stage of the cancer, the size and
location of the tumor, and the patient's overall
health

Preoperative counseling for ovarian
tumors with signs of malignancy is crucial.
The use of tumor markers for the differentiation
of mucinous tumors, despite similar clinical
presentations and ultrasound findings, is still
under question and remains a controversial
issue.

CEA, CA12-5, and CA19-9 are tumor
markers commonly used in medical research
and clinical practice. Elevated levels of CEA,
CA12-5, and CA19-9 can be an indicator of
various types of malignancy, including colon,
pancreas, lung, breast, and gastric cancer.

The sensitivity and specificity of CA19-9
as a screening tool for ovarian carcinoma
have been reported to be 50% and 98%,
respectively?.

The sensitivity and specificity of each
tumor marker (CA19-9, CA-125 and CEA) for
differentiate borderline or malignant mucinous
ovarian tumor from mucinous cystadenoma,
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”. Other studies have reported
controversial results, and only a few have
researched at the relationship between
mucinous ovarian tumor subtypes and serum
tumor markers®"”.

The role of these markers in differentiating
between different types of ovarian tumors is
still under investigation, and more research is
needed to determine their diagnostic accuracy
and clinical usefulness in the management

of ovarian cancer.

Objective:

To evaluate the diagnostic performance
of serum tumor markers-carcinoembryonic
antigen (CEA), cancer antigen 125 (CA-125),
and cancer antigen 19-9 (CA19-9) in distinguishing
between benign, borderline, and malignant

subtypes of mucinous ovarian tumors.

Methods

Retrospective study collected the data
from patients who presented with cystic ovarian
mass. They were admitted for surgery under the
Obstetrics and Gynecology Department, Maharat
Nakhon Ratchasima Hospital between January
2015 until December 2021. The study was
approved by the Maharat Nakhon Ratchasima
Hospital Institutional Review Board (MNRH IRB)
on April 20™ 2023, with the certificate number
037/2023.

Patients who had a pathological
confirmation of a mucinous ovarian tumor and
had preoperative serum levels of CA19-9,
CA-125, or CEA recorded were included in the
analysis. Patients who did not have complete
medical records or who had been diagnosed
with a different type of malignancy were
excluded.

All the pathological slides were
reviewed by a pathologist to confirm the final
diagnosis.

The demographic data included age,
intraoperative tumor size, pathological results
(i.e., benign, borderline or malignant) and serum
tumor marker before the surgery (CA19-9, CA-125
and CEA with cut off values at 35 U/mL,
35 U/mL and 4 ng/mL, respectively).
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In this study, the data was analyzed
using descriptive statistics. The frequency and
percentage, mean and standard deviation (SD),
or median and interquartile range were
calculated, depending on the distribution of the
data. The univariate analysis was conducted
using either Pearson's chi-squared test or Fisher's
exact test for categorical data, and either
Student's t-test or the Wilcoxon ranksum
(Mann-Whitney U) test for continuous data,
as appropriate based on the data's distribution.
The diagnostic accuracy of the tumor markers,
cut off value, sensitivity and specificity were
analyzed using receiver operating characteristic
(ROQ) curves, and the area under the curve
(AUC) was used as a metric to compare the
performance of each marker in distinguishing
between benign, borderline, and malignant
mucinous ovarian tumors. The statistical
analysis was conducted using SPSS version 26

software.

Table 1 Baseline characteristics

5
&
Results

The data of mucinous ovarian tumor
patients who underwent surgery and preoperative
examination for serum CA-19-9, CA-125, or CEA
at Maharat Nakhon Ratchasima Hospital during
January 2015 until December 2021 revealed
294 records.

This study involved a total of 294
patients, with 164 diagnosed with benign
mucinous ovarian tumors (55.8%), 74 with
borderline tumors (25.1%), and 56 with mucinous
ovarian carcinomas (19.1%). The average age of
the patients was 47.9 years. 61.6% of patients
had serum CA19-9 levels below 35 U/mL, 49%
had CA-125 levels below 35 U/mL, and 64% had
CEA levels below 4 U/mL.

The median of tumor size was 13 cm
(range 3-40 cm). Twenty patients presented with
bilateral tumor (6.8%).

The patients’ and tumors’ characteristics
by pathological classification are demonstrated
in Table 1.

Mucinous cystadenoma  Borderline or malignant mucinous  p-value
(n = 164) ovarian tumor (n = 130)

Age (years, mean + SD) 47 + 15.6 49 + 152 0.27
Size (cm, median + SD) 124 £ 6.3 17.6 £ 8.4 <0.01
CEA < 4 U/mL 72 42 < 0.01
CEA > 4 U/mL 9 55
CA125 < 35 U/mL 55 39 < 0.01
CA125 > 35 U/mL 32 66
CA19-9 < 35 U/mL 63 43 <0.01
CA19-9 = 35 U/mL 16 50
Bilateral involvement (n, %) 5 (3%) 15 (11.5%) 0.019

The risk ratio associated with borderline pathology or malignancy in mucinous ovarian

tumor are presented in Table 2.
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Table 2. Factors associated with borderline pathology or malignancy in mucinous ovarian tumor.

Tumor markers Risk ratio 95% Confidence interval p-value
CA19-9 1.9 1.4-24 <0.0001
CA125 1.6 1.2-21 0.0006
CEA 2.3 1.8-3.0 <0.0001

The sensitivity and specificity of each
tumor marker (CA19-9, CA-125 and CEA) in
borderline or malignant mucinous ovarian tumor
for CA19-9 were 53.8% and 79.8%, CA-125 were
62.9% and 63.2%, CEA were 56.7% and 88.9%,

respectively.

Table 3.

The diagnostic accuracy of each tumor
marker in differentiating between benign and
borderline or malignant mucinous ovarian
tumors is presented in Table 3. Of the markers
compared, CEA showed the best performance
with an area under the ROC curve of 0.738,
as depicted in Figure 1.

Diagnostic performance of each tumor markers for discrimination of borderline

or malignant and benign mucinous ovarian tumor

Tumor markers  Sensitivity  Specificity PPV NPV Area under ROC curve
CA19-9 53.8 79.8 75.8 59.4 0.679

CA125 62.9 63.2 67.4 58.5 0.682

CEA 56.7 88.9 85.9 63.2 0.738

Figure 1.

ROC Curve
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The diagnostic accuracy of tumor

marker combination in differentiating between
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benign and borderline or malignant mucinous

ovarian tumors is presented in Table 4.
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Table 4.

Diagnostic performance of tumor markers combination for discrimination of borderline

or malignant and benign mucinous ovarian tumor

Tumor markers (Positive test condition) Sensitivity  Specificity PPV NPV
Either CEA or CA125 was elevated 76.9 57.7 68 68
Either CEA or CA19-9 was elevated 72.9 67.6 729 67.6
Either CA125 or CA19-9 was elevated 75.6 55.7 66 66.7
At least one of CEA or CA125 or CA19-9 was elevated 81.9 49.3 65.4 70
Both CEA and CA19-9 were elevated 38.8 97.2 94.3 57
Both CA19-9 and CA125 were elevated a4.4 88.6 81.6 58.3
Both CEA and CA125 were elevated 45 94.9 91.1 59.7

Discussion

Tumor markers play a crucial role in the
differential diagnosis and management of
ovarian neoplasms. CA125 is the most widely
used biomarker for epithelial ovarian cancer,
especially serous subtypes, with elevated
levels observed in approximately 80% of
advanced-stage cases"?.

Mucinous ovarian tumors, comprising
benign, borderline, and malignant subtypes,
often present with elevated levels of CA19-9
and CEA?. These markers are particularly useful
in distinguishing primary mucinous ovarian
carcinoma from gastrointestinal metastases.
For instance, a study from Thailand involving
314 patients found that elevated serum CA19-9,
CA125, and CEA levels were significantly
associated with malignant or borderline
mucinous tumors, with CA125 demonstrating
the strongest association®.

In this study, we found that all of the
three serum tumor markers (CA19-9, CA-125,
and CEA) had strong association with the tumor
pathology. The elevation of the serum CA19-9
(>35 U/mL), CA-125 (>35 U/mL) and CEA
(>4 U/mL) was significantly associated with the

borderline or malignant mucinous tumor with

the risk ratio of 1.9 (95% Cl = 1.4-2.4), 1.6 (95%
Cl = 1.2-2.1) and 2.3 (95% CI = 1.8-3.0),
respectively. Furthermore, the serum CEA
demonstrated the strongest risk association with
borderline or malignancy among those mucinous
ovarian tumors, followed by CA19-9 and CA-125.
These serum tumor markers also demonstrated
good diagnostic performance. The area under
ROC curve of CA19-9, CA-125 and CEA was 0.679,
0.682 and 0.738 respectively. Among these
markers, the serum CEA had shown the best
diagnostic performance, followed by CA19-9 and
12.5. Although the results differed from those

G210 3l tumor markers

of previous studies
were still found to be useful in the diagnosis of
the borderline or malignant mucinous tumor.
When using a single tumor marker
in the diagnosis of borderline or malignant
mucinous tumors, we found that the sensitivity,
specificity, positive predictive value (PPV),
and negative predictive value (NPV) were
suboptimal and did not provide sufficient
accuracy for reliable clinical decision-making.
However, when we used a combination

of tumor markers as showed in Table 4,

the diagnostic values improved. In the combination
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of CEA and CA19-9, if both tumor markers were
positive, the specificity and PPV were 97.2%
and 94.3%, respectively.

Furthermore, when all tumor markers
tested CEA, CA19-9, and CA-125 were within
normal ranges, the likelihood of malignancy
was considerably reduced. In such cases,
the sensitivity and NPV for excluding a diagnosis
of borderline or malignant mucinous tumor

were 81.9% and 70.0%, respectively.

Limitations
Several limitations should be
acknowledged. First, this was a retrospective
study, which may be subject to selection bias
and incomplete clinical data. Second, the
sample size, although comparable to prior
studies, may still limit the generalizability of the
findings. Third, tumor marker levels can be
influenced by other benign or malignant
conditions, potentially confounding the

interpretation.

Conclusions

This study highlights the diagnostic
value of serum tumor markers CA19-9, CA-125,
and CEA in distinguishing borderline or malignant
mucinous ovarian tumors from benign tumors.
Serum CEA showed the strongest association
with tumor pathology and demonstrated the
highest diagnostic accuracy, followed by
CA19-9 and CA-125. While the performance of
individual markers was limited in terms of
sensitivity and specificity, their combined use
significantly improved diagnostic precision.
Notably, positive both of CEA and CA19-9

yielded high specificity and PPV, while the
absence of elevation in all three markers offered
a reasonable sensitivity and NPV for ruling out
malignancy. These findings support the use of
a multi-marker approach to improve
preoperative risk stratification in patients with

suspected mucinous ovarian tumors.

References

1. Moro F, Zannoni GF, Arciuolo D, Pasciuto T,
Amoroso S, Mascilini F, et al. Imaging in
gynecological disease (11): clinical and
ultrasound features of mucinous ovarian
tumors. Ultrasound Obstet Gynecol 2017,
50(2):261-70. doi: 10.1002/u0g.17222.

2. 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(1):26-9.
PMID: 27048105

3. Lertkhachonsuk AA, Buranawongtrakoon S,
Lekskul N, Rermluk N, Wee-Stekly WW,
Charakorn C. Serum CA19-9, CA-125 and CEA
as tumor markers for mucinous ovarian
tumors. J Obstet Gynaecol Res 2020;46(11):
2287-91. doi: 10.1111/jog.14427.

4. Kelly PJ, Archbold P, Price JH, Cardwell C,
McCluggage WG. Serum CA19.9 levels are
commonly elevated in primary ovarian
mucinous tumours but cannot be used to
predict the histological subtype. J Clin Pathol
2010;63(2):169-73. doi: 10.1136/jcp.2009.
072355.

U7l 40 atuil 3 fugneu-Sunau 2568

Vol.40 No.3 September-December 2025



MIasnMsumdlsmenuiaiasiny giuns yisud
MEDICAL JOURNAL OF SRISAKET SURIN BURIRAM HOSPITALS

5. Tamakoshi K, Kikkawa F, Shibata K, 9. Pyeon SY, Park JY, Ki KD, Lee JM. Abnormally

Tomoda K, Obata NH, Wakahara F, et al.
Clinical value of CA125, CA19-9, CEA,
CA72-4, and TPA in borderline ovarian

high level of CA-19-9 in a benign
ovarian cyst. Obstet Gynecol Sci 2015;58(6):
530-2. doi: 10.5468/0¢5.2015.58.6.530.

tumor. Gynecol Oncol 1996;62(1):67-72.  10. Cho HY, Kyung MS. Serum CA19-9 as
doi: 10.1006/gyn0.1996.0191. a predictor of malignancy in primary ovarian
Sagi-Dain L, Lavie O, Auslander R, Sagi S. mucinous tumors: a matched case-control
CEA in evaluation of adnexal mass: study. Med Sci Monit 2014;20:1334-9.
retrospective cohort analysis and review doi:10.12659/MSM.890954.

of the literature. Int J Biol Markers 2015;  11. Choi JH, Sohn GS, Chay DB, Cho HB, Kim JH.
30(4):e394-400. doi: 10.5301/jbm.5000158. Preoperative serum levels of cancer antigen
Bozkurt M, Yumru AE, Aral I. Evaluation of 125 and carcinoembryonic antigen ratio
the importance of the serum levels of can improve differentiation between
CA-125, CA15-3, CA-19-9, carcinoembryonic mucinous ovarian carcinoma and other
antigen and alpha fetoprotein for distinguishing epithelial ovarian carcinomas. Obstet
benign and malignant adnexal masses and Gynecol Sci 2018;61(3):344-51. doi: 10.5468/
contribution of different test combinations 0g5.2018.61.3.344.

to diagnostic accuracy. Eur J Gynaecol 12. Van Gorp T, Cadron |, Despierre E,

Oncol 2013;34(6):540-4. PMID: 24601047.
Buys SS, Partridee E, Greene MH, Prorok PC,
Reding D, Riley TL, et al. Ovarian cancer
screening 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(5):1630-9. doi: 10.1016/j.
ajog.2005.05.005.

Daemen A, Leunen K, Amant F, et al.
HE4 and CA125 as a diagnostic test in
ovarian cancer: prospective validation of
the Risk of Ovarian Malignancy Algorithm.
BrJ Cancer 2011;104(5):863-70. doi: 10.1038/
5j.bjc.6606092.

U7l 40 atuil 3 fugneu-Sunau 2568

Vol.40 No.3 September-December 2025



