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Highlights
•	 Endometriosis-related ovarian neoplasms was more likely to have higher levels of CA19-9, CEA, SLX, and LDH when 

compared with CA125.
•	 CA125 levels did not significantly differ between the two groups.
•	 Age, tumor size, and the presence of mural nodule were important factors in the preoperative prediction of endometriosis-

related ovarian neoplasms.

Abstract
Objective  Only few studies have focused on 
tumor markers used in the preoperative diagnosis of 
endometriosis-related ovarian neoplasms, and previous 
studies have only assessed serum CA125 levels. This 
study investigated the significance of preoperative tumor 
markers and clinical characteristics in distinguishing 
endometriosis-related ovarian neoplasms from ovarian 
endometrioma.
Methods  A case-control study was conducted on 283 
women who were diagnosed with confirmed pathology 
with endometriosis-related ovarian neoplasms (n=21) 
and ovarian endometrioma (n=262) at a single institution 
from April 2008 to April 2018. The serum CA125, CA19–9, 
carcinoembryogenic antigen (CEA), sialyl Lewis-x antigen 
(SLX), and lactate dehydrogenase (LDH) levels, age, tumor 
size, and the presence of mural nodule of the patients 
were analyzed.
Results  Patients with endometriosis-related ovarian 
neoplasms were more likely to be older (48 (range, 
26–81) vs 39 (range, 22–68) years, P<0.001), have higher 
levels of CA19–9 (42 vs 19 U/mL, P=0.013), CEA (1.3 vs 
0.84 ng/mL, P=0.007), SLX (41 vs 33 U/mL, P=0.050), 
and LDH (189 vs 166 U/mL, P<0.001) and larger tumor 
size (79 vs 55 mm, P=0.001), and present with mural 
nodule (85.7 vs 4.5 %, P<0.001) than those with ovarian 
endometrioma. The CA125 levels did not significantly 
differ between the two groups. The area under the curve 
for each factor was as follows: CA19-9 level, 0.672 (95% 
CI 0.52 to 0.83; P=0.013); CEA level, 0.725 (95% CI 
0.58 to 0.87; P=0.007); SLX level, 0.670 (95% CI 0.53 to 
0.84; P=0.050); LDH level, 0.800 (95% CI 0.70 to 0.90; 
P<0.001); age, 0.775 (95% CI 0.65 to 0.90; P<0.001); and 
tumor size, 0.709 (95% CI 0.56 to 0.86; P=0.001). Age 
was a better marker than CA19-9, CEA, and SLX levels 
according to the receiver operating characteristic curve 
analysis. The optimal cut-off values for age and tumor size 
were 47 years and 80 mm, respectively.
Conclusions  The assessment of serum CA19–9, 
CEA, SLX, and LDH levels may be a useful tool in 
the preoperative evaluation to differentiate between 

endometriosis-related ovarian neoplasms and ovarian 
endometrioma.

Introduction

Endometriosis may be associated with a subset of 
histologic subtypes of ovarian cancer.1–3 Both ovarian 
clear cell carcinoma and endometrioid carcinoma 
are often associated with endometriosis,4–6 sharing 
similar histogenesis and pathogenesis,7 and are 
known as endometriosis-associated ovarian cancer. 
Endometrioid ovarian carcinomas differ from high-
grade serous ovarian cancers at the mutational level.8 
Moreover, seromucinous borderline tumor, which 
is similar to endocervical-like mucinous borderline 
tumor or mixed-epithelial papillary cystadenoma of 
borderline malignancy of Mullerian type, is commonly 
found in an ovarian endometriotic cyst.9–11 Several 
immunohistochemical studies have shown that 
seromucinous borderline tumor is likely to originate 
from ovarian endometrioma.12 13 The inactivating 
mutations of the ARID1A tumor suppressor gene are 
uniquely correlated with ovarian clear cell carcinoma, 
ovarian endometrioid carcinoma, and seromucinous 
borderline tumor. Thus, these tumors are collectively 
called endometriosis-related ovarian neoplasms.14–16

The presence of mural nodule suggests malig-
nancy, and solid masses and papillary projections 
in ovarian endometriomas were the most common 
forms mimicking ovarian cancer on sonographic 
morphology.17 Therefore, sonographic appearances 
are generally less objective. Meanwhile, according 
to the International Ovarian Tumor Analysis (IOTA) 
studies, transvaginal ultrasound characteristics 
could contribute to the improvement of the manage-
ment of suspicious ovarian masses.18 19 However, 
only few reports have focused on tumor markers 
that can be used for the preoperative diagnosis of 
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Figure 1  Distribution of patients with endometriosis-related ovarian neoplasms and ovarian endometrioma in terms of clinical 
characteristics.

endometriosis-related ovarian neoplasms, and previous studies 
have only assessed serum CA125 levels.20 21 Human epididymis 
protein 4 (HE4) or the Risk of Malignancy Algorithm (ROMA) can 
possibly distinguish epithelial ovarian cancer from ovarian endo-
metriosis,22–24 but HE4 is not frequently used in Japan. This study 
aimed to assess the significance of preoperative tumor markers 
and clinical characteristics in distinguishing endometriosis-related 
ovarian neoplasms from ovarian endometrioma.

Methods

From April 2008 to April 2018, 21 women with endometriosis-
related ovarian neoplasms and 267 women with ovarian endome-
trioma were included in the study. All patients had been histologi-
cally diagnosed at a single institution according to the World Health 
Organization 2014 criteria, and those with borderline or malignant 
cells with endometriosis in the same ovary were diagnosed with 
endometriosis-related ovarian neoplasms. Clinical staging was 
determined in accordance with the International Federation of 
Gynecology and Obstetrics 2014 criteria.

Serum CA125, CA19-9, carcinoembryogenic antigen (CEA), 
sialyl Lewis-x antigen (SLX), and lactate dehydrogenase (LDH) 
levels were measured preoperatively. Doctors selected a combi-
nation of tumor makers to measure in each case. Thus, there was 
a lack of data for some tumor markers. Patients were excluded 
from a control group due to the absence of any information for 
tumor markers. The cut-off value for the serum CA125 level was 
set at 35 U/mL; CA19-9 level, 37 U/mL; CEA level, 5 ng/mL; SLX 
level, 38 U/mL; and LDH level, 211 U/mL. The maximum tumor 
diameter and the presence of mural nodule in the tumor were 
determined via MRI. No eligible patient declined to participate 
in this study.

The ethics committee of Nippon Medical School Musashikosugi 
Hospital approved this retrospective study (432-30-3).

Endometriosis-related ovarian neoplasms and ovarian endo-
metrioma were compared using the Mann–Whitney U test and 

Fisher’s exact test. Diagnostic efficiency was calculated as 
sensitivity multiplied by specificity. A receiver operating charac-
teristics (ROC) curve analysis was conducted to identify optimal 
cut-off values, and the area under the curve (AUC) was evaluated 
to assess for a valuable marker. A P-value<0.05 was considered 
statistically significant in all analyzes. Statistical analyzes were 
conducted using the Statistical Package for the Social Sciences 
software for Windows (version 23.0, IBM Corp., Armonk, NY, the 
USA).

Results

A total of 288 women were included in this study. Among them, 
five women with ovarian endometrioma were excluded due to 
lack of any information for tumor markers. Therefore, 21 women 
with endometriosis-related ovarian neoplasms and 262 women 
with ovarian endometrioma were analyzed in the study. Of all 
patients with endometriosis-related ovarian neoplasms (n=21), 
four patients presented with ovarian clear cell carcinoma; five 
patients with ovarian endometrioid carcinoma; and 10 patients with 
seromucinous borderline tumor. A total of 20 patients had stage 
I endometriosis-related ovarian neoplasms, and the remaining 
patient had stage IV ovarian endometrioid carcinoma. The median 
size of endometriosis-related ovarian neoplasms was 79 mm 
(range; 27–159).

Figure 1 shows the distribution of patients with endometriosis-
related ovarian neoplasms and ovarian endometrioma in terms of 
CA125, CA19-9, CEA, SLX, and LDH levels, age, and tumor size. 
CA19-9, CEA, SLX, LDH levels, age, maximum tumor diameter, 
and the presence of mural nodule (except for CA125 levels) were 
significantly different between the two groups (Table  1). The 
sensitivity, specificity, and diagnostic efficiency of tumor markers 
are shown in Table 2. For factors that were significantly different, 
the ROC curves were obtained to define the optimal cut-off 
values. The AUC for each factor was as follows: CA19-9 level, 
0.67 (95% CI 0.52 to 0.83; P=0.013); CEA level, 0.725 (95% CI 
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Table 1  Values of serum tumor markers and tumor 
characteristics

Variables

Endometriosis-
related ovarian 
neoplasms

Ovarian 
endometrioma

P-value*Median (range) Median (range)

CA125 level, U/
mL
 �

43 (7–2065) 47.5 (6–1951) 0.358

(n=21) (n=244)  �

CA19-9 level, U/
mL
 �

42 (5–2222) 19 (5–664) 0.013

(n=19) (n=225)  �

CEA level, ng/mL
 �

1.3 (0.6–5.2) 0.840 (0.5–8.4) 0.007

(n=13) (n=166)  �

SLX level, U/mL
 �

41 (24–530) 33 (23–75) 0.050

(n=17) (n=34)  �

LDH level, U/mL
 �

189 (134–331) 166 (110–299) <0.001

(n=21) (n=262)  �

Age
 �

48 (26–81) 39 (22–68) <0.001

(n=21) (n=262)  �

Maximum tumor 
diameter, mm
 �

79 (27–159) 55 (20–150) 0.001

(n=21) (n=262)  �

With mural 
nodule, n (%)
 �

18 (85.7) 12 (4.5) <0.001

(n=21) (n=262)  �

Values were presented as median (range) unless stated otherwise.
*Mann–Whitney U test was used to compare quantitive variables. 
Fisher's exact test was used to compare qualitative variables.

Table 2  Sensitivity, specificity, and diagnostic efficiency of the tumor markers

Cut-off value

Malignant/total (%)

Sensitivity Specificity

Diagnostic characteristics

Positive Negative Efficiency

CA125 35 U/mL 12/172 (6.9) 9/95 (9.4) 0.57 0.35 0.19

CA19-9 37 U/mL 11/63 (17.4) 8/178 (4.4) 0.57 0.76 0.43

CEA 5 ng/mL 1/2 (50.0) 12/176 (6.8) 0.08 0.99 0.08

SLX 38 U/mL 9/20 (45.0) 8/28 (28.6) 0.52 0.65 0.34

LDH 211 U/mL 7/17 (41.1) 14/263 (5.3) 0.33 0.96 0.32

0.583 to 0.866; P=0.007); SLX level, 0.670 (95% CI 0.53 to 0.84; 
P=0.05); LDH, 0.800 (95% CI 0.70 to 0.90; P<0.001); age, 0.775 
(95% CI 0.65 to 0.90; P<0.001); and tumor size, 0.709 (95% 
CI 0.56 to 0.86; P=0.001) (Figure  2). The ROC curve analysis 
showed that lactate dehydrogenase level was a better screening 
marker for endometriosis-related ovarian neoplasms, and age 
was a better screening marker than CA19-9, CEA, and SLX levels.

Using the ROC curves, optimal cut-off values were determined, 
and the sensitivity, specificity, and diagnostic efficiency of each 
factor were obtained again (Table 3). In every tumor marker, the 
optimal cut-off values for sensitivity, specificity, and diagnostic effi-
ciency improved, which were as follows: CA19-9 level, 41 U/mL; 
CEA level, 2.7 ng/mL; SLX level, 32 U/mL; LDH level, 175 U/mL; age, 
47 years; and tumor size, 80 mm.

Discussion

Our study showed that CA19-9, CEA, SLX, and LDH levels were 
significantly different between patients with endometriosis-
related ovarian neoplasms and ovarian endometrioma. The ROC 
curves showed that LDH level was a better screening marker for 
endometriosis-related ovarian neoplasms. We also showed that 
age, tumor size, and the presence of mural nodule were impor-
tant factors in the preoperative prediction of endometriosis-related 
ovarian neoplasms. By contrast, in this study, CA125 levels did not 
significantly differ between the two groups.

Several studies about the use of serum CA125 levels20 21 have 
been conducted. However, the results were conflicting.25 Two 
reports have shown no significant difference in terms of CA125 
levels between patients with endometriosis-associated ovarian 
cancers and ovarian endometrioma.26 27 One report has shown that 
patients with endometriosis-associated ovarian cancer had lower 
CA125 levels than those with typical epithelial ovarian cancer.28 
Previously published results about CA125 for endometriosis-
associated ovarian cancers are summarized in Table  4. Serum 
CA125 combined with transvaginal ultrasound has been commonly 
applied in the differential diagnosis of adnexal masses.29 According 
to the IOTA studies, transvaginal ultrasound could be useful in the 
preoperative diagnosis of epithelial ovarian cancer.18 19 Conversely, 
serum CA125 may not be very useful for endometriosis-associated 
ovarian cancers.

In 2008, the United States Food and Drug Administration approved 
human epididymis protein 4 (HE4) as a tumor maker. Serum HE4 
may be a useful biomarker in the differential diagnosis between 
epithelial ovarian cancer and endometriosis.22 23 Biomarker algo-
rithms combining serum CA125 and HE4, such as the ROMA and, 
more recently, the Copenhagen Index (CPH-I), were reportedly 
useful for predicting malignancy in patients with pelvic masses.24 
However, a cohort study showed that HE4 had no additional value 
to the concurrent use of serum CA125 and transvaginal ultrasound 
in diagnosing ovarian cancer among postmenopausal women with 
adnexal masses.29 The usefulness of serum HE4 as a tumor marker 
remains controversial. HE4 is still uncommon in Japan, therefore, 
we could not include HE4, the ROMA, and the Copenhagen Index in 
this study because of its retrospective nature.

Unlike benign endometrioma, the treatment of ovarian border-
line tumor usually requires oophorectomy. Therefore, it would be 
of value to diagnose endometriosis-related ovarian borderline 
tumor preoperatively. However, no study on tumor makers used for 
the diagnosis of endometriosis-related ovarian borderline tumor 
has been conducted. Age, tumor size, and the presence of mural 
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Figure 2  Results of the receiver operating characteristic curve analysis.

Table 3  Area under the curve, optimal cut-off value, sensitivity, specificity, and diagnostic efficiency of the tumor markers 
and clinical characteristics

AUC (95% CI)
Optimal 
cut-off value

Malignant/total (%)

Sensitivity Specificity

Diagnostic 
characteristics

Positive Negative Efficiency

CA19-9 0.672 (0.517 to 0.827; p=0.013) 41 U/mL 10/52 (19.2) 9/191 (4.7) 0.53 0.81 0.42

CEA 0.725 (0.583 to 0.866; p=0.007) 2.7 ng/mL 5/8 (62.5) 8/171 (4.1) 0.38 0.98 0.37

SLX 0.670 (0.53 to 0.836; p=0.050) 32 U/mL 13/31 (41.9) 3/17 (17.6) 0.81 0.46 0.37

LDH 0.800 (0.697 to 0.904; p<0.001) 175 U/mL 17/101 (16.8) 4/179 (2.2) 0.81 0.67 0.54

Age 0.775 (0.654 to 0.896; p<0.001) 47 years 13/31 (41.9) 8/249 (3.2) 0.62 0.92 0.57

Maximum tumor 
diameter

0.709 (0.562 to 0.856; p=0.001) 80 mm 10/36 (27.8) 11/244 (4.5) 0.48 0.90 0.43

Presence of 
mural nodule

 �   �  18/27 (66.7) 3/253 (1.2) 0.86 0.95 0.82

nodule were informative factors for the preoperative prediction of 
endometriosis-related ovarian neoplasms. The presence of mural 
nodules on MRI is a strong indicator of ovarian malignancy.30 A 
case-control study on endometriosis-associated ovarian cancer 
has shown that a solid component in imaging had an independent 
OR of 23.7 for malignancy. In addition, the tumor size in patients 
with endometriosis-associated ovarian cancer was larger (14 vs 
7.5 cm), and age ≥49 years had high sensitivity (80.6%) and speci-
ficity (82.9%) for endometriosis-associated ovarian cancer.16

Our study had some limitations. First, this is a retrospective 
study, which has a relatively small number of endometriosis-
related ovarian neoplasms cases (n=21). In this study, nonsurgical 
patients and patients with no data for tumor makers were excluded 

from a control group. Thus, selection bias might have affected the 
study results. Second, there is a large proportion of patients with 
seromucinous borderline tumor. In conventional studies in this field, 
clear cell carcinoma or endometrioid carcinoma is common, thus 
bias in histological studies could affect outcomes. Third, this study 
had insufficient data about some of the tumor markers. In clinical 
practice, we left the selection of tumor markers to the discretion of 
physicians, thus some data regarding tumor markers could have 
been missed.

This study showed that CA19-9, CEA, SLX, and LDH levels may 
be useful in the preoperative diagnosis of endometriosis-related 
ovarian neoplasms. These tumor markers are conventionally 
used in Japan. However, only few reports have focused on tumor 
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markers, other than CA125 levels, for the preoperative diagnosis of 
endometriosis-associated ovarian cancer.
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