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Background: To investigate the relationships of cancer antigen (CA) 125, CA 19-9, prothrombin time (PT),
activated partial thromboplastin time (aPTT), thrombin time (T'T), fibrinogen (FIB), and D-dimer values
with ovarian endometriosis (OEM), and to explore the validation of biomarkers for noninvasive preoperative
evaluation of patients with severe OEM.

Methods: This retrospective case-control study included 413 women with OEM (of whom 143 cases were
stage I to II, 139 cases were stage III, and 131 cases were stage IV, respectively) and 158 women without
OEM as controls. Subjects’ serum CA-125 and CA19-9 levels, and coagulation test results (serum PT, aPTT,
and D-dimer values) were evaluated.

Results: The serum CA-125, aPTT, FIB and D-dimer levels were statistically different between OEM
patients in the stages I to (and) II group and those in the stages IIT and IV group (P<0.05). However, a
statistical difference in CA 19-9 levels and T'T was only found between patients with stages III and IV OEM.
In receiver operating characteristic (ROC) curve analysis of single indexes, the area under the ROC curve
values for CA-125, CA19-9, aPTT, T'T, FIB, and D-dimer were 0.953, 0.512, 0.66, 0.576, 0.573, and 0.624,
respectively, for diagnosing stage III and stage IV OEM. In ROC curve analysis of combined indexes, the
AUC values for aPTT + D-dimer, CA-125 + D-dimer, CA-125 + aPTT and CA-125 + D-dimer + aPTT
were 0.672, 0.954, 0.958, and 0.961, respectively.

Conclusions: The combined index of CA-125, aPTT, and D-dimer is a valid noninvasive preoperative
method for the evaluation of moderate and severe OEM, and may help to decrease the interval between the

first complaint and a definitive diagnosis.
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Introduction disorder (1). The main characteristic of endometriosis is

the presence of endometrial-like tissue in body parts other
Endometriosis is a common (prevalent) condition of the than the uterine cavity, typically in the lower abdominal
female reproductive system, with approximately 5-10% of or pelvic areas (2,3). Currently, histologic examinations

reproductive (premenopausal) women suffering from the are considered to be the gold standard for diagnosing
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endometriosis; however, this approach is invasive, as
patients must undergo laparoscopy or laparotomy for the
obtainment of tissue samples (4). It can take 8 to 10 years to
receive a diagnosis of endometriosis after symptom onset (5).
Although imaging modalities like transvaginal ultrasound
and magnetic resonance imaging (MRI) have improved
diagnosis treatment for patients with endometriosis,
preoperative assessment still far from ideal because they are
operator dependent (6,7), meaning further improvement is
needed. Furthermore, severe endometriosis usually causes
significant clinical symptoms in patients and makes surgery
extremely difficult.

Some serum biomarkers usually change in patients with
endometriosis before surgery; however, no biomarkers that
can be used to noninvasively diagnose endometriosis with
sufficient sensitivity and specificity has yet to be conclusively
reported (8). Moreover, no single biomarker has been
proven to possess unequivocal clinical usefulness for the
diagnosis of endometriosis (9). Thus, ideal biomarkers
for the early and noninvasive diagnostic assessment of
endometriosis are well worth exploring.

Serum cancer antigen (CA) 125, a transmembrane
glycoprotein, was reported in earlier studies to be elevated
in women with endometriosis, and to be valuable in the
diagnosis and evaluation of endometriosis (10). However,
in some women with endometriosis, serum CA-125 is still
within normal range. In another study, serum CA 19-9
was found at significantly higher levels in patients with
endometriosis at various stages (11); however, other studies
have observed no such association (12,13). A recent study
found that patients with endometriosis may display obvious
elevation of CA-19-9, the sensitivity of which may be
similar to or lower than that of CA-125 (8).

Endometriosis has been traditionally viewed as a
hormonal disease. However, Wu et 4/. recently found
that hypercoagulability (14) raises the possibility that
these coagulation parameters could be used as biomarkers
of endometriosis. Activated partial thromboplastin
time (aPTT), thrombin time (TT), fibrinogen (FIB),
prothrombin time (PT), and D-dimer level are standard
coagulation screening tests in modern clinical practice.
In their study, Wu ez 4/. noted that compared to healthy
women, patients with ovarian endometriosis (OEM) had
considerably shorter aPTT and T'T, as well as increased
fibrinogen levels; although, for the majority of parameters,
the values were within the normal range (14). Meanwhile,
another study found T'T to have no statistical relationship
with endometriosis (15).
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From these findings, it can be gathered that some
serum biochemical markers may be related to the ectopic
formation of endometrial tissue and can change significantly
before surgical treatment. Although these serum markers
have some clinical value, reports on their utility for
assessing the severity of endometriosis have failed to
produce a unanimous conclusion. Thus, CA-125, CA 19-
9, and coagulation and fibrinolysis parameters need to be
further studied in patients with endometriosis in order to
determine their value as early and noninvasive diagnostic
biomarkers for the condition.

Therefore, in the present study, we compared the
serum levels of CA-125, CA19-9, aPTT, TT, PT, FIB, and
D-dimer between women with and without OEM, analyzed
the correlations of these markers with OEM, and further
discussed the clinical value of multi-index combinations in
the early and noninvasive diagnostic assessment of OEM.
We present the following article in accordance with the
STARD reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-481).

Methods
Patients and specimens

A total of 413 reproductive-age patients (mean age
28.98+3.71; age range, 21-45) with a histologic diagnosis
of OEM who were treated in Tianjin Central Hospital of
Obstetrics and Gynecology (Tianjin Treatment Center
of Endometriosis) between July 2017 and June 2019 were
recruited into this study. A control group comprising 158
cycling women without OEM who were matched to the
OEM patients by age was also enrolled. All women included
in this study were admitted during endometrial hyperplasia
and had undergone laparoscopy or laparotomy. Exclusion
criteria included patients with OEM who were taking
gonadotropin-releasing hormone agonists, progestins, or
oral contraceptive pills, and those who were menstruating
during operative period. Patients with ruptured endometrial
cysts were also excluded, as they show marked increases in
serum CA125 and CA19-9 levels (16). None of the subjects
were smokers or had used any anticoagulants, steroid
hormones, oral contraceptives, antidiabetic drugs, or other
medications in the 6 months before the operation.

Patient medical records were comprehensively reviewed,
and variables such as age, height (cm), weight (kg),
fertility status, gravidity, and International Federation of
Gynecology and Obstetrics (FIGO) stage were collected.
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The body mass index (BMI) of each subject was also
calculated.

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). Ethical approval for this study
was granted by the Ethics and Research Committee of the
Hospital. All subjects gave their informed consent before
participating in the study.

Blood assays

Biochemical serum analysis of CA-125, CA 19-9, aPTT,
TT, PT, D-dimer, and FIB was the focus of the clinical
testing. CA-125 is a glycoprotein, the expression of which
may be found in fetal epithelial tissue and in the normal
epithelia of the fallopian tubes, cervix, or bronchus in
adult women. It has particular importance as a marker of
serosa membrane carcinoma and undifferentiated ovarian
carcinoma (17). CA 19-9 is a pentasaccharide belonging to a
class of oncofetal antigens. During the fetal period, CA 19-9
synthesis takes place in the stomach’s epithelial structures,
while in adults, it is produced at significantly lower levels.
Furthermore, it has recently been reported that CA 19-9
may be produced in gallbladder, pancreatic, and bronchial
glandular structures, as well as in some tumors of the
female reproductive system (8). The aPTT, TT, PT, FIB,
and D-dimer are commonly used to evaluate coagulation
function, and are convenient, fast, and economical to
obtain.

Prior to blood sample collection, the subjects fasted for
12 hours, and all specimens were collected via venipuncture
before 9:00 am. The Sysmex CS-5100 system (Sysmex,
Kobe, Japan) with Dade Behring reagents (Dade Behring,
Marburg, Germany) was used to measure preoperative
serum aPTT, TT, PT, D-dimer levels, and FIB levels. A
ChemiLuminescence ImmunoAssay System (Roche-e601,
Cobas, Switzerland) and the Roche Elecsys kit were used
to measure the levels of preoperative serum CA-125 and
CA19-9 in the hospital’s clinical laboratory. The reference
ranges used were as follows: CA-125: 0-35 U/mL; CA 19-9:
0-27 U/mL; aPTT: 22-32 seconds, TT: 15.2-21.2 seconds;
PT: 8.3-14.3 seconds; D-dimer: 0-0.55 mg/L; and FIB:
1.8-3.8 g/L.

Statistical analysis

Continuous data were presented as mean = standard
deviation, and the Kolmogorov-Smirnov test was performed
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to analyze normally distributed variables. Associations of
categorical and continuous variables were analyzed with
Student’s t-test. For categorical variables with non-normal
distribution, the Mann-Whitney U test was applied.
Receiver operator characteristic (ROC) curve analysis was
performed to determine the cut-off values for aPTT, TT,
PT, D-dimer, FIB, CA-125, and CA 19-9. The Youden
index (sensitivity + specificity - 1) was also calculated, and
the cut-off value with the maximum Youden index was
considered to be the optimal cut-off value. The level of
statistical significance was set as P<0.05. SPSS 16.0 software
for Windows (SPSS Inc., Chicago, IL, USA) was used to

perform the statistical analysis.

Results

The characteristic information of 413 patients with a
histologic diagnosis of OEM and 158 controls without
OEM is detailed in 7Table 1. Among the 413 cases in the
OEM cohort, 143 women had stage I to II, 139 women
had stage III, and 131 women had stage IV disease. Among
the control cases, the primary diagnoses were: paraovarian
cyst (n=39), simple cyst of the ovary (n=37), corpus luteum
cyst of the ovary (n=23), cystadenoma of the ovary (n=21),
cervical intraepithelial neoplasia (CIN) III (n=18), ovarian
fibroma (n=16), and mesosalpinx cyst (n=4).

The OEM patients and the controls did not differ
significantly in terms of age or BMI (both P>0.05).
Furthermore, we found no difference in gravidity, delivery,
or miscarriage between patients with stage I to II OEM
and the control group (P>0.05); however, OEM patients of
stages IIT and IV had a high rate of infertility and low rates
of delivery and miscarriage (P<0.05).

The levels of serum CA-125, CA 19-9, FIB, and D-dimer,
together with the aPT'T and T'T, were compared between
the OEM patients and the control group (7zble 2). We
observed no difference in CA-125 (P=0.275), CA19-9
(P=0.232), PT (P=0.154), aPTT (P=0.141), TT (P=0.126),
FIB (P=0.823), or D-dimer (P=0.555) between patients
with stage I to II OEM and the control group. However,
compared to the stage I to II group, stage III and stage IV
patients had significantly elevated levels of CA-125 (P=0.000
and P=0.000, respectively), CA19-9 (P=0.000), FIB (P=0.023
and P=0.029, respectively), and D-dimer (P=0.034 and
P=0.000, respectively), as well as a shortened aPT'T (P=0.022
and P=0.000, respectively) and T'T" (P=0.023). No significant
differences were observed in PT (P>0.05) among the
groups, or in CA19-9 (P=0.263) or TT (P=0.079) between
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Table 1 Characteristics of the patients with OEM and the controls
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Characteristics OEM stage | to Il (n=143)

OEM stage Il (h=139)

OEM stage IV (n=131) Controls (n=158)

Age (years) 29.15+4.45 28.59+3.38 29.21+3.12 29.09+4.12
P 0.937° 0.234° 0.886° 0.106*
BMI (kg/m?) 21.28x1.22 21.32+1.27 21.32+1.27 21.1420.89
P 0.233° 0.789° 0.814° 0.950°

Fertility status

Gravidity
0 29 (20.28) 61 (43.89) 52 (39.69) 28 (17.72)
1 69 (48.25) 30 (21.58) 71 (54.20) 66 (41.77)
=2 45 (31.47) 48 (34.53) 8 (6.11) 64 (40.51)
P 0.147° 0.034" 0.000%* 0.044%

Delivery
0 47 (32.87) 57 (41.01) 70 (53.44) 47 (29.75)
1 80 (55.94) 77 (55.40) 59 (45.04) 98 (62.03)
=2 16 (11.19) 5 (3.60) 2 (1.53) 13 (8.23)
P 0.584° 0.042" 0.000% 0.032%*

Miscarriage
0 74 (51.75) 85 (61.15) 97 (74.05) 70 (44.30)
1 50 (34.97) 48 (34.53) 31 (23.66) 70 (44.30)
=2 19 (13.29) 6 (4.32) 3(2.29) 18 (11.39)
P 0.361° 0.040> 0.000%* 0.023%

® E stage I+ll vs. Controls; °, E stage I+ll vs. E stage Ill; %, E stage I+ll vs. E stage IV; °, E stage Il vs. E stage IV. Statistically significant P
values are indicated with *. OEM, ovarian endometriosis; BMI, body mass index.

stage III patients and the stage I to II group. Compared
to the stage I to II group and the control group, patients
with stage III and IV OEM had statistically significant
elevation of CA-125, CA19-9, FIB, and D-dimer (P=0.000,
P=0.001, P=0.000, and P=0.000, respectively), and a shorter
aPTT and TT (P=0.000 and P=0.043, respectively), while
no statistical difference was found between the groups in
regard to PT.

The above-mentioned parameters were compared
between the groups, and CA-125, aPTT, TT, FIB, and
D-dimer were subsequently selected for ROC curve analysis
with single and combined indicators in order to further
study their predictive value for stage III and stage IV OEM.

The area under the curve (AUC) values for CA-125,
CA19-9, aPTT, TT, FIB and D-dimer was 0.953, 0.512,
0.66, 0.576, 0.573 and 0.624 in the analysis of ROC curve
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with single index, respectively (Figure 1A). Because the
AUC of CA19-9, TT or FIB was less than 0.6, the CA-
125, aPTT and D-dimer were chosen for combined-index
analysis. The AUC of aPTT + D-dimer, CA-125 + D-dimer,
CA-125 + aPTT and CA-125 + D-dimer + aPTT was 0.672,
0.954, 0.958 and 0.961, respectively. So combined the CA-
125, D-dimer and aPT'T analysis was the best assessment
method for the OEM stage IIT and stage IV disease, with a
sensitivity of 93.8% and a specificity of 84.7% (Figure 1B).

Discussion

Women with OEM are usually observed to have elevated
serum CA-125 and CA19-9 levels, and coagulation
parameters. However, at present, endometriosis is

diagnosed by postoperative histopathological examination,
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Table 2 Blood markers and coagulation parameters of the patients with OEM and the controls.

Variable OEM stage | to Il (n=143) OEM stage Il (h=139) OEM stage IV (n=131) Controls (n=158)
CA-125 (U/L) 13.61+7.21 34.64+12.39 38.79+15.19 14.28+5.31
P 0.000* 0.000" 0.000%* 0.275°
CA19-9 (U/L) 13.10£8.17 14.52+12.61 19.59+17.01 14.17+7.27
P 0.263° 0.000° 0.001% 0.232°
PT (s) 11.99+0.55 12.06+0.44 11.96+0.50 11.90+0.61
P 0.274° 0.622° 0.103° 0.154¢
aPTT (s) 27.3422.90 26.57+2.67 25.83+2.54 27.76x1.79
P 0.022% 0.000° 0.000% 0.141¢
TT (s) 18.45+0.87 18.29+0.66 18.21+0.85 18.31+0.82
P 0.079* 0.023" 0.043%* 0.126°
FIB (g/L) 2.36+0.42 2.46+0.33 2.48+0.47 2.34+0.43
P 0.023* 0.029" 0.000% 0.823¢
D-dimer (mg/L) 0.12+0.05 0.13+0.04 0.14+0.03 0.12+0.04
P 0.034* 0.000" 0.000%* 0.555¢

® E stage I+l vs. E stage Ill; °, E stage I+Il vs. E stage IV; °, E stage I+Il+ Controls vs. E stage lll+IV; %, E stage I+l vs. Controls. Statistically
significant P values are indicated with *. aPTT, activated partial thromboplastin time; TT, thrombin time; FIB, fibrinogen; D-D, D-dimers.
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Figure 1 ROC curve analysis of: (A) single indicators (CA-125, aPT'T, T'T, FIB, and D-D); (B) combined indicators (aPTT+D-D,
aPTT+CA-125, CA-125+D-D, and CA-125+D-D+aPTT). ROC, receiver operating characteristic; CA, cancer antigen; aPT'T, activated
partial thromboplastin time; T'T, thrombin time; FIB, fibrinogen; D-D, D-dimers.

because no noninvasively obtainable diagnostic biomarker research, we measured the serum CA-125, CA 19-9, FIB,
has been validated for the condition. A delayed diagnosis and D-dimer levels, along with the PT, aPTT, and T, in
of endometriosis can cause severe pain for the patient women with OEM and in a control group of non-OEM
and brings great difficulty to treatment. In our current patients. These parameters showed no difference between
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patients with stage I to I OEM and the control group;
however, the serum levels of CA-125, FIB, and D-dimer,
and the aPTT were statistically different between OEM
patients in the stage I to II group and those with stages III
and IV disease. Meanwhile, statistical differences in CA
19-9 levels and T'T were only observed between patients
with stage III and stage IV OEM. For patients with severe
OEM (stages III and IV), ROC curve analysis showed that
serum CA-125, aPT'T, and D-dimer were the best indicators
for the evaluation of OEM, and the other 3 indicators were
abandoned.

Numerous investigations have been carried out to
determine the feasibility of using serum CA-125 to
diagnose patients who are clinically suspected as having
endometriosis. However, their findings have been
inconsistent, primarily in regard to the sensitivity of serum
CA-125 (17,18). The challenge in using serum CA-125 as
a biomarker of endometriosis can be found in establishing
an appropriate cut-off value, because the current value
(35 IU/mL) is the reference for epithelial ovarian cancer.
Fluctuations in CA-125 levels have been reported at various
points in the menstrual cycle, and elevated CA-125 is a
result of especially during menstruation and the rupture of
the endometriosis cyst (16,19). Therefore, in the present
study, venous blood was drawn from all patients between
menstrual periods, and patients who were menstruating
and those who had cyst rupture were excluded. Our data
indicated that patients with OEM stages III and IV had a
significantly elevated CA-125 level compared to patients
with OEM stages I to II. CA-125 also had a considerably
higher value for predicting severe endometriosis. For
severe OEM (stages III and IV), the ROC analysis showed
that the cut-off value of serum CA-125 was 22.41 U/mL
(significantly lower than the 35 IU/mL used as the cut-
off for epithelial ovarian cancer), which had a sensitivity
and specificity of 90.1% and 93.0%, respectively. Thus,
serum CA-125 is a satisfactory diagnostic marker for
OEM, and severe OEM can be suspected when the CA-
125 level is high (>22.41 U/mL) and there are obvious
clinical symptoms and ultrasonic signs. However, in our
study, statistical differences in CA 19-9 levels were only
observed between OEM patients in the stage I and II group
and those in the stage IV group. Furthermore, the ROC
analysis showed that the serum CA19-9 had no diagnostic
significance (P=0.682). Therefore, we consider CA19-9 to
exhibit low sensitivity for the diagnosis of OEM and to be
inappropriate for use in diagnostic evaluation.

A hypercoagulable state is also thought to be present
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in moderate and severe endometriosis (14), and these
coagulation parameters (aPTT, PT, TT, FIB and D-dimer)
could serve as biomarkers for noninvasive diagnosis
of endometriosis. APTT is the most common routine
coagulation test performed in laboratories. Emerging
evidence suggests that a short aPTT is associated with
hypercoagulability (20). We found that women with OEM
stages III and IV had a short aPTT, although it was still
in the normal range. Further, the level of aPTT was not
different between women with mild OEM (stage I to II)
and those without OEM. The ROC analysis showed that
the serum aPTT was a plausible noninvasive diagnostic
biomarker for severe OEM. APTT is often used in
combination with PT for evaluation of the speed at which
blood clotting occurs, and it is not used alone. However, in
the present study, serum PT showed no statistical difference
between patients with OEM and the control group. Our
data failed to indicate that PT could be used as a marker
for diagnosing OEM, and further study is required to
investigate this matter.

The fibrinolytic system has a close relationship with
the coagulation cascade and has been described as having
involvement in the development of endometriosis (21).
Furthermore, the T'T reflects fibrinogen-fibrin conversion
and is now considered to represent a procoagulant
milieu (22). The relationships of FIB, D-dimer, and
TT with endometriosis are not well reported. Our data
indicated that the serum FIB and D-dimer levels were
statistically elevated in OEM patients of stages III and IV.
However, further ROC analysis showed that the serum
D-dimer, but not FIB, could be used for the evaluation of
severe OEM. Meanwhile, a statistical difference in serum
T'T" was only observed between the stage I to II OEM
group and the stage IV OEM group. We were also unable
to confirm alterations in coagulation variables in women
with OEM (15).

The concentrations of the serum parameters used in
the present study were mostly within the normal range in
women with OEM, which creates some questions regarding
the clinical relevance of our findings. However, when there
are several different measurements that are differentially
distributed in normal and diseased populations, these
serum parameters could potentially be used as biomarkers.
Taking our results of elevated levels of FIB and D-dimer,
and shortened aPTT and TT in the peripheral blood
plasma of patients with severe OEM, the evidence of a
hypercoagulable state was unmistakable. The combination

of CA-125, D-dimer, and aPTT produced a sensitivity
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of 93.8% and a specificity of 84.7% for the noninvasive
preoperative evaluation of endometriosis, which were
higher than those reported by Vodolazkaia (23).

Our findings may help to reduce the interval between
the first complaint by a patient and a definitive diagnosis
of moderate (stages III) or severe OEM (stages IV). The
larger-sample multicenter studies should be conducted to
further explore the validation of biomarkers for noninvasive
evaluation of endometriosis. Also, current reference ranges
for tumor markers and coagulation markers are not suitable
for endometriosis. Determination of reference ranges of
blood parameters for endometriosis by a larger sample study
would aid in the clinical evaluation and scientific research of
endometriosis.
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