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Abstract: Endometriosis or adenomyosis can be clinically diagnosed by ultrasound, symptoms,
physical examination, and serum CA125. The urinary markers need to be investigated. The aim
of our study was to investigate the urinary markers of clinical endometriosis/adenomyosis, and
the correlation of serum CA125 was also studied. From the literature, alpha-1 antitrypsin (A1AT),
enolase-1, vitamin D binding protein (VDBP), and CA125 in urine and serum were used in our study
and measured by enzyme-linked immunosorbent assays (ELISA). Further clinical correlation and
detection performance were evaluated. We enrolled 19 normal controls and 33 patients clinically
diagnosed with endometriosis/adenomyosis. There were significant differences between studied
patients and normal controls, as follows: serum CA125 (130.91 vs. 19.75 U/mL, p = 0.004); urinary
CA125-creatinine ratio (5.591 vs. 0.254 ng/mg, p = 0.028); and urinary VDBP-creatinine ratio (28.028
vs. 7.301 ng/mg, p = 0.018). For diagnostic performances, serum CA125 provided the best results, with
an area under curve (AUC) of 0.888 (p = 0.001) and accuracy of 86.5%. Other excellent results were
also found using urinary VDBP (AUC 0.841, p = 0.001) and A1AT (AUC 0.722, p = 0.011) creatinine
ratio. Using three combined biomarkers, serum CA125, urinary VDBP, and A1AT creatinine ratio,
provided good detection power (AUC 0.913, p = 0.001, sensitivity 90.9%, specificity 76.5%). Double
urine markers used in combination with VDBP and A1AT creatinine ratio also provided good
diagnostic performance (AUC 0.809, p = 0.001, sensitivity 81.8%, specificity 76.5%, accuracy 80%).
Further development of non-invasive point-of-care tests using these biomarkers could be a fruitful
future endeavor.

Keywords: endometriosis; urinary biomarkers; alpha-1 antitrypsin; A1AT; vitamin D-binding protein;
VDBP; CA125

1. Introduction

Endometriosis, one of most common gynecologic diseases, has a >10% prevalence
among women of childbearing age [1]. There are two common types of endometriosis,
uterine adenomyosis and ovarian endometrioma, during which ectopic endometriotic cells
extend to the uterine myometrium and adnexa, respectively [2]. Endometriosis can lower
life quality, with dysmenorrhea, dyspareunia, dyschezia, and hypermenorrhea that may be
accompanied with drug overuse, such as painkillers, and severe anemia [3]. Furthermore,
endometriosis may also cause infertility and has malignant potential that urges treat-
ment [3]. Diagnosis of endometriosis was previously based on pathology following surgery
in past decades [4], but non-surgical detection methods, including ultrasound, serum
CA125, and clinical symptoms, were usually applied as part of the clinically diagnostic
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routine, based on good therapeutic response to pharmacological treatment [5,6]. Addi-
tionally, it is also important for medical treatment surveillance to include the performance
and analysis of clinical symptoms, ultrasounds, and serum CA125 measurements during
follow-up. To enhance surveillance compliance, the development of more convenient,
non-invasive diagnostic methods has been important.

Several serum biomarkers, including inflammatory factors, such as IL-1, IL-6, IL-7,
IL-12, TGF-beta1, or TNF-alpha, can also be used for the detection or evaluation of en-
dometriosis [7–10]. Other than serum, biomarkers from peritoneal irrigation fluid, endome-
trial tissue biopsy, and even urine have been reported [11–13]. Urine is a good sample
source because it is very convenient, easily available, and collection is non-invasive [12].
Further, urine samples can be kept at room temperature for up to 6 h without degenera-
tion [14,15]. Urinary biomarkers of endometriosis, including Enolase-1 and urinary vitamin
D binding protein (VDBP), have previously been reported [16,17]. Alpha-1 antitrypsin
(A1AT) in peritoneal fluid [18], as well as higher levels of A1AT isoforms in serum [19],
have been also published.

A1AT, an acute-phase protein, encoded by the SERPINA1 gene and related to protease
inhibitor activity [20], can protect tissue from inflammation-related proteolytic damage
by downregulation of neutrophil activity [21,22], so A1AT may present as a demand of
anti-inflammation inside the body. Because endometriosis is a pelvic inflammatory disease,
A1AT may be increased in patients with endometriosis [23]. Higher expression of A1AT in
serum and peritoneal fluid from patients with endometriosis has been reported [12,18,19].
In 2011, Cho et al. also found increased expression of A1AT in urine samples of patients
with endometriosis [16]. Enolase is one of the enzymes involved in the anaerobic glycolysis
of tumor cells, e.g., the “Warburg effect” of cancer cells, and it may be increased during
tissue inflammation or inflammatory disease states [24]. Enolase-1, can be found in various
tissues, including several tumors associated with chronic inflammatory change [24]. In
1995, Walter et al. first detected enolase-1 in the serum of patients with clinically staged
endometriosis [25]. In 2013, Yun et al. identified urine Enolase-1 as a targeted marker
for detecting endometriosis [17]. VDBP is a plasma protein that can transport vitamin D
metabolites to target organs [26] and was a key factor in actin scavenging and the immune
system to activate macrophages and recruit neutrophils, monocytes, and fibroblasts during
inflammation [27]. Thus, VDBP may also demonstrate increased expression in patients with
endometriosis because it is also an inflammatory disease. The VDBP level in peritoneal fluid
or serum of endometriosis was inconsistent in different reports [28–30]. In 2011, Cho et al.
discovered that urinary VDBP could act as a potentially useful diagnostic biomarker for
the detection of endometriosis [16].

Notably, the clinical values of both proteins were not obvious and required specific
evaluation. Because detection of these biomarkers has demonstrated great utility and
because urine samples are more conveniently taken and contribute to diagnostic and
follow-up compliance, the aim of our study was to examine urinary CA125, enolase, A1AT,
and VDBP in patients with endometriosis/adenomyosis, and evaluate associations to
serum CA125.

2. Materials and Methods
2.1. Patients Collection

In this study, we enrolled healthy controls and patients clinically diagnosed with
endometriosis or adenomyosis at Chang Gung Memorial Hospital of Linkou Branch. The
clinical diagnosis of endometriosis or adenomyosis was based on clinical criteria including
the following: (1) endometriotic symptoms such as dysmenorrhea or hypermenorrhea;
(2) uterine adenomyosis or ovarian endometrioma that could be measured by gynecologic
ultrasound; (3) endometriosis that could be assessed and evaluated by pelvic examination;
(4) no history of previous surgical or medical treatment. Those who did not meet the above
criteria were not enrolled. Additionally, those without clinical endometriosis were also
judged by the above criteria and were enrolled into control group after confirming no
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other uterine or adnexal mass. The clinical diagnosis was primarily made by the attending
physician and urine collection was additionally performed. This study was conducted
following approval by the local ethics committee (IRB No. 201901157B0-1907110010), and
all enrolled patients completed informed consent forms. All other clinical data, images, or
laboratory results were recorded using an electric chart system.

2.2. Sample Management

Based on the above diagnostic principles, we clinically differentiated enrolled patients
into endometriosis or non-endometriosis groups. After obtaining informed consent, urine
samples were retrieved using a sterile plastic tube. Patient urine was provided only after
confirming that the collection day was not during menstruation. The collected urine
samples were immediately sent to our laboratory, where they were centrifuged at 1000× g
for 10 min to remove urine sediments. The supernatant urine was subsequently stored at
−80 ◦C until further use.

Serum CA125 values were also obtained on the same day as urine sample collection
because one of the aims of our research was to compare target urinary biomarkers with
serum CA125, the current gold standard. Serum CA125 values were determined by the
hospital diagnostic medical department.

2.3. Enzyme-Linked Immunosorbent Assays (ELISA) Procedure

We examined 4 targeted biomarkers and creatinine level in the urine samples. After
thawing frozen urine at room temperature, the concentration of the four biomarkers and
urine creatinine was measured via commercially available enzyme-linked immunosor-
bent assays (ELISAs) according to the manufacturer’s protocols (Human CA125 ELISA
Kit, MUC16 (ab274402), abcam, UK; Human alpha 1 antitrypsin ELISA Kit, SERPINA1
(ab108799), abcam, UK; Human Vitamin D Binding Protein ELISA Kit (ab223586), abcam,
UK; Human Alpha-Enolase ENO1 ELISA Kit (abx253101), abbexa, UK; Creatinine param-
eter assay kit (KGE005), R&D systems, Minneapolis, MN, USA). Following the ELISA
process, we evaluated absorbance values using a plate reader, and converted the sample
concentration using a calculated standard curve. Creatinine normalization was done via
division of the obtained 4 urinary biomarkers by urinary creatinine level thereafter.

2.4. Statistics

The data were analyzed using SPSS (version 22.0, IBM). To evaluate diagnostic power,
receiver operating characteristic (ROC) curves were examined for serum CA125 level, the
raw data of above urinary biomarkers, and those with urinary creatinine normalization
respectively [31]. Cut-off values were also obtained after ROC curve analysis. To compare
the diagnostic accuracy of different sets of these serum and urinary biomarkers, we utilized
area under the ROC curve (AUC) to see which combinations were most accurate. The
related sensitivity and specificity for selected cut-off points was also investigated. Addition-
ally, subgroup analysis with classifications from different variates was also performed via
paired t-test or the Mann–Whitney U test. The above analyses were considered significant
when the p-value was less than 0.05.

3. Results
3.1. Patient Characteristics

In our study, we collected 52 cases from a single tertiary hospital, beginning in Novem-
ber of 2019. Among the 52 cases, 33 patients were clinically diagnosed with endometriosis
or adenomyosis, and another 19 cases were identified as “non-endometriosis/adenomyosis”
patients. The clinically diagnostic criteria are described in the previous section. All patient
characteristics are provided in Table 1. The median age was 42.9 years old (range 26.1–51.9)
of studied patients and 39.2 years old (range 23.7–52.4) for the control group. The median
body mass index was 22.7 kg/m2 (range 16.3–37.2) and 21.4 kg/m2 (range 20.1–31.8) for
studied patients and control group, respectively. A total of 42.3% of our cases had no
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parity history. There were 25 patients with uterine adenomyosis, 4 patients with ovarian
endometrioma, and 3 patients with both uterine adenomyosis and ovarian endometrioma.
Additionally, the median thickness of adenomyosis was 3.7 cm (range 1.2–10.0), and the
median diameter of ovarian endometrioma was 6.9 cm (range 1.5–14.0). Among all patients,
45.4%, 24.2%, and 3.0% of those with endometriosis demonstrated clinical symptoms,
including dysmenorrhea, hypermenorrhea, and compression symptoms, respectively.

Table 1. Patient characteristics.

Endometriosis/Adenomyosis Control (No
Endometriosis/Adenomyosis) p Value

Age, median years (range) 42.9 (26.1–51.9) 39.2 (23.7–52.4) 0.076
BMI, median (range) 22.7 (16.3–37.2) 21.4 (20.1–31.8) 0.689

Parity, N (%)

0.310

0 15 (45.5) 7 (36.8)
1 7 (21.2) 2 (10.5)
2 8 (24.2) 4 (21.1)

>2 2 (6.1) 5 (26.3)
miss 1 (3.0) 1 (5.3)

Endometriosis status, N (%)

0.001 *

Nil 0 19 (100)
Ovarian endometrioma 4 (7.7) 0

Adenomyosis 25 (48.1) 0
Adenomyosis with endometrioma 3 (5.8) 0

Pelvic endometriosis 1 (1.9) 0
Adenomyosis size, median (range) (cm) 3.7 (1.2–10.0) - -

Ovarian endometrioma size, median
(range) (cm) 6.9 (1.5–14.0) - -

Clinical endometriosis symptoms

0.001 *

Dysmenorrhea 15 (45.4) 0
Hypermenorrhea 8 (24.2) 0

Compression 1 (3.0) 0
Hypermenorrhea + Dysmenorrhea 7 (21.2) 0
Hypermenorrhea + Compression 1 (3.0) 0

Nil 1 (3.0) 19

BMI = body mass index; * = data with significance.

3.2. Median Values and Subgroup Analysis of Targeted Biomarkers

The median values of serum CA125, urine CA125, urine A1AT, urine Enolase-1, and
urine VDBP in our cohorts were 31.3 U/mL, 0.08 mg/dL, 47.46 ng/mL, 2.07 ng/mL, and
59.31 ng/mL, respectively. Additionally, urine creatinine was also evaluated, and the
median urine creatinine normalized ratio of urine CA125, A1AT, enolase-1, and VDBP
were then calculated as 0.0063, 10.17, 0.22, and 8.91 ng/mg, respectively. The above data
are provided in list form in Table 2. A basic comparison of the above values, including
endometriosis vs. non-endometriosis, ovarian endometrioma vs. uterine adenomyosis,
endometrioma vs. non-endometriosis, and adenomyosis vs. non-endometriosis, are pro-
vided in Tables 3 and A1. Further subgroup analysis with different variates, including age,
BMI, ovarian endometrioma size, and uterine adenomyosis thickness, were also performed,
and the data of all patients with endometriosis, patients with ovarian endometrioma, and
adenomyosis cohorts are provided in Tables A2–A4, respectively.

Only serum CA125 level was significantly different between endometriosis patients
and non-endometriotic cohorts (130.91 vs. 19.75 U/mL, p = 0.004). Following urine
creatinine normalization, both urine CA125-creatinine ratio and urine VDBP-creatinine ratio
demonstrated significant differences in median values between patients with endometriosis
and non-endometriotic cohorts (urine CA125 ratio: 5.591 vs. 0.254, p = 0.028; urine VDBP
ratio: 28.03 vs. 7.30, p = 0.018). Furthermore, the difference could also be seen in patients
with adenomyosis compared to non-endometriotic cohorts (urine CA125 ratio: 7.14 vs. 0.25,
p = 0.031; urine VDBP ratio: 31.13 vs. 7.30, p = 0.033).
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Table 2. The median values of experimented biomarkers.

Total N = 52 Median (Range)

Serum CA125 (U/mL) 31.3 (10.6–1173.5)
Serum Creatinine (mg/dL) 0.56 (0.38–0.88)
Urine Creatinine (mg/dL) 741.17 (5.31–2695.6)

Urine CA125 (ng/mL) 0.0819 (0.0001–1181.8868)
Urine CA125-Creatinine ratio (ng/mg) 0.0063 (0.0001–49.9975)

Urine A1AT (ng/mL) 47.4644 (0.0001–1368.3529)
Urine A1AT-Creatinine ratio (ng/mg) 10.1737 (0.0001–1047.8611)

Urine Enolase-1 (ng/mL) 2.0652 (0.0001–20.8191)
Urine Enolase-1-Creatinine ratio (ng/mg) 0.2236 (0.0001–18.1261)

Urine VDBP (ng/mL) 59.312 (0.344–387.648)
Urine VDBP-Creatinine ratio (ng/mg) 8.9052 (0.0213–194.9118)

A1AT = alpha 1-antitrypsin; VDBP = vitamin D-binding protein.

Table 3. The median values comparison of examined biomarkers and the urine-creatinine correction
in different endometriosis status.

Urine
CA125 (mg/dL)

Urine
A1AT (ng/mL)

Urine
Enolase (ng/mL)

Urine
VDBP (ng/mL)

Serum
CA125 (IU/mL)

Emsis/AD 45.53 179.92 3.68 90.657 130.91
No emsis/AD 1.38 98.22 3.95 51.385 19.75

p value 0.357 0.280 0.857 0.095 0.004 *

Urine Creatinine
Corrected

Urine
CA125-Creatinine

Ratio (ng/mg)

Urine
A1AT-Creatinine

Ratio (ng/mg)

Urine
Enolase-1-

Creatinine Ratio
(ng/mg)

Urine
VDBP-Creatinine

Ratio (ng/mg)

Emsis 5.591 60.958 1.365 28.028
-No emsis 0.254 10.404 1.529 7.301

p value 0.028 * 0.233 0.855 0.018

Emsis = Endometriosis; AD = Adenomyosis; A1AT = alpha 1-antitrypsin; VDBP = vitamin D-binding protein;
* = data with significance.

3.3. Diagnostic Performances of Targeted Biomarkers

The receiver operating characteristic (ROC) curve, to differentiate patients with en-
dometriosis and non-endometriotic cohorts, was calculated and is provided in Figure 1.
The detailed data are listed in Tables A5 and A6. Table A5 discloses the cut-off values
and area under curve (AUC) of the ROC curve analysis for serum CA125, urine CA125,
urine A1AT-creatinine ratio, urine enolase-creatinine ratio, and urine-VDBP creatinine ratio.
Serum CA125, urine VDBP-creatinine ratio, and urine A1AT-creatinine ratio had better
AUC values with significance (serum CA125: 0.888, p = 0.001; urine VDBP-creatinine ratio:
0.841, p = 0.001; urine A1AT-creatinine ratio: 0.722, p = 0.011). The cut-off values were
23.75 U/mL, 5.20 ng/mg, and 6.92 ng/mg, respectively.

These three markers were assembled in different combinations to calculate the related
ROC curve analysis, and the results are revealed in Table A6. There were good AUC values
(0.898 to 0.913, p = 0.001) while using three markers in combination (serum CA125 + urine
A1AT-creatinine ratio + urine VDBP-creatinine ratio) or (serum CA125 x the value of
urine A1AT-creatinine ratio + urine-VDBP-creatinine ratio). Additionally, the combination
of serum CA125 with urine VDBP-creatinine ratio also provided excellent AUC value
(0.936 to 0.939, p = 0.001). Two urinary biomarkers in combination provided slightly lower
AUC values, as follows: (1) urine A1AT ratio + urine VDBP ratio (AUC 0.750, p = 0.004);
or, (2) urine A1AT x urine VDBP ratio (AUC 0.809, p = 0.001). However, there were still
significant results after calculation.



Biomedicines 2022, 10, 833 6 of 13

Biomedicines 2022, 10, x FOR PEER REVIEW 6 of 14 
 

A1AT-creatinine ratio, urine enolase-creatinine ratio, and urine-VDBP creatinine ratio. Se-
rum CA125, urine VDBP-creatinine ratio, and urine A1AT-creatinine ratio had better AUC 
values with significance (serum CA125: 0.888, p = 0.001; urine VDBP-creatinine ratio: 0.841, 
p = 0.001; urine A1AT-creatinine ratio: 0.722, p = 0.011). The cut-off values were 23.75 
U/mL, 5.20 ng/mg, and 6.92 ng/mg, respectively. 

 
Figure 1. (A) The receiver operating characteristic (ROC) curve and area under curve (AUC) values 
of single examined biomarker. (B) The ROC curve and AUV values of combined examined bi-
omarkers. A1AT = alpha 1-antitrypsin; VDBP = vitamin D-binding protein; sCA125 = serum CA125; 
uA1AT = urine A1AT-creatinine ratio; uVDBP = urine VDBP-creatinine ratio; * = multiply. 

These three markers were assembled in different combinations to calculate the re-
lated ROC curve analysis, and the results are revealed in Table A6. There were good AUC 
values (0.898 to 0.913, p = 0.001) while using three markers in combination (serum CA125 
+ urine A1AT-creatinine ratio + urine VDBP-creatinine ratio) or (serum CA125 x the value 
of urine A1AT-creatinine ratio + urine-VDBP-creatinine ratio). Additionally, the combina-
tion of serum CA125 with urine VDBP-creatinine ratio also provided excellent AUC value 
(0.936 to 0.939, p = 0.001). Two urinary biomarkers in combination provided slightly lower 
AUC values, as follows: 1) urine A1AT ratio + urine VDBP ratio (AUC 0.750, p = 0.004); or, 
2) urine A1AT x urine VDBP ratio (AUC 0.809, p = 0.001). However, there were still signif-
icant results after calculation. 

Table 4 demonstrates the sensitivity, specificity, positive predictive value, negative 
predictive value, and accuracy for the use of three markers, including serum CA125, urine 
A1AT-creatinine ratio, and urine VDBP-creatinine ratio. The data for the other five com-
binations are also listed. Serum CA125 and urinary VDBP ratio both demonstrated good 
sensitivity, positive predictive values, and accuracy for the clinical detection of endome-
triosis. The highest accuracy, up to 88%, was found using a combination of serum CA125 
and urine VDBP ratio. There were also accuracy rates as high as 80% with 81.8% sensitiv-
ity, when combining two urinary biomarkers, such as urine A1AT ratio and urine VDBP 
ratio. 
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Table 4 demonstrates the sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy for the use of three markers, including serum CA125,
urine A1AT-creatinine ratio, and urine VDBP-creatinine ratio. The data for the other five
combinations are also listed. Serum CA125 and urinary VDBP ratio both demonstrated
good sensitivity, positive predictive values, and accuracy for the clinical detection of
endometriosis. The highest accuracy, up to 88%, was found using a combination of serum
CA125 and urine VDBP ratio. There were also accuracy rates as high as 80% with 81.8%
sensitivity, when combining two urinary biomarkers, such as urine A1AT ratio and urine
VDBP ratio.

Table 4. The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy
of different biomarkers for endometriosis.

(%) Cut-Off Value Sensitivity Specificity PPV NPV Accuracy

Serum CA125 23.70 84.8 89.5 93.3 77.3 86.5
Urine A1AT-creatinine ratio 5.200 78.8 63.2 78.8 63.2 73.1
Urine-VDBP-creatinine ratio 6.919 93.9 70.6 86.1 85.7 86.0
sCA125 × (uA1AT + uVDBP) 315.847 90.9 76.5 88.2 81.3 86.0
sCA125 + uA1AT + uVDBP 37.229 90.9 76.5 88.2 81.3 86.0

sCA125 × uVDBP 193.330 87.9 88.2 93.5 78.9 88.0
uA1AT × uVDBP 38.602 81.8 76.5 87.1 68.4 80.0
uA1AT + uVDBP 15.651 81.8 76.5 87.1 68.4 80.0

A1AT = alpha 1-antitrypsin; VDBP = vitamin D binding protein; sCA125 = serum CA125; uA1AT = urine
A1AT-creatinine ratio; uVDBP = urine VDBP-creatinine ratio; PPV = positive predictive value; NPV = negative
predictive value.

Figure 1 demonstrates the comparative ROC curves for different biomarkers and
combinations with significance. Better AUC values were found when using three-marker
combinations. The use of two urinary biomarker combinations provided slightly lower
AUC values but still demonstrated good performance for differentiating between patients
with endometriosis and non-endometriotic cohorts.

4. Discussion

In traditional clinical practice, the gold standard for the diagnosis of endometriosis
is pathologic proof from surgical intervention [32], and ectopic endometrial lesions seen
during surgery with histologic findings, including the presence of hemosiderin-laden
macrophages or endometrial glands [33]. However, because of advances in the develop-
ment of medical treatment for endometriosis, including Dienogest, Gestrinone, Danazol,
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Leuprolide acetate, or Levonorgestrel-releasing intrauterine system [34], non-surgical in-
tervention has become more and more popular for patients and physicians. As a result
of these advances, the clinical diagnosis of endometriosis without surgical pathology is
becoming increasingly frequent [35]. The clinical detection of endometriosis includes gy-
necologic ultrasound, serum CA125, history taking that includes clinical symptoms, and
pelvic examination [36]. Serum sample collection for measurement of serum CA125 is not
convenient or without pain and the results typically take several hours. In addition to
serum CA125, other potentially useful biomarkers, including peritoneal irrigation, have
been mentioned in the literature [18], and several protein isoforms, such as haptoglobin,
alpha-1 antitrypsin, S100-A8, and serotransferrin, have been found with higher expression
in the peritoneal lavage fluid of patients with endometriosis.

Because the above examination efforts are invasive and inconvenient for patients and
physicians, reliable and accurate non-invasive detection methods need to be provided.
Urine is a suitable sample source, since it can be easily collected by patients themselves
without invasive procedures. Previous research on urinary biomarkers to detect adnexal ma-
lignancy have been performed, and several biomarkers, including N,N-diacetylspermine,
HE4, Eosin-derived neurotoxin with CooH-terminal osteopontin fragments, mesothelin,
and CA125, have been investigated [37]. Urine CA125 evaluation has a sensitivity that
is only 3.3% lower than other methods [38]. Additionally, urinary high-mobility group
protein A1 (HMGA1) can be found with higher expression in patients with serous epithelial
ovarian cancer [39]. The change in urinary gonadotropin peptide (UGP) level can be used
for surveilling patients with gynecologic malignancy after treatment [40]. In 2009, Petri et al.
used equalizer bead technology and human urine to detect ovarian cancer and found three
urinary biomarkers, including fibrinogen alpha fragment, collagen alpha 1 fragment, and
fibrinogen beta NT fragment, to be present at significant levels [41]. Better diagnostic per-
formance was detected when using combined markers, involving multiple biomarkers and
serum CA125. For diagnosing endometriosis, previous research discovered two potentially
useful urinary biomarkers, Enolase-1 and vitamin D-binding protein (VDBP) [16,17]. In
addition to these two biomarkers, there are also a number of proteins related to tissue
inflammation, including IL-1, IL-6, IL-8, TNF-alpha, ICAM-1, MMPs, TIMPs, or VEGF,
that may prove useful for endometriosis detection [7,8]. Additionally, previous research
investigated the role of alpha-1 antitrypsin (A1AT) as a detection tool of endometriosis [18].

A1AT has been identified as a potentially useful biomarker for some time. In pub-
lished articles, tumor-associated trypsin inhibitor (TATI) has been identified in the urine
of patients with ovarian malignancy [42]. Ovarian cystic fluid TATI level can be detected
at levels similar to those in urine samples, and at higher levels in mucinous fluid than in
serous ovarian cysts [43]. Notably, TATI level measurements in serum or urine have been
found useful for follow-up evaluations of patients undergoing cervical adenocarcinoma
treatment [44] and patients with solid organ tumors (pancreas, ovary, esophagus, bladder),
as well as patients with liver metastasis as a result of colon or breast malignancy [45].
Further, A1AT can also be detected in the tissue of uterine stroma sarcomas, including
carcinosarcoma (mixed mullerian tumor), leiomyosarcoma, and endometrial stromal sar-
comas. Positive A1AT findings in tissue samples have also been associated with cases
of endometrial adenocarcinoma or benign leiomyomas [46]. In our data, there were no
significant differences in the median A1AT value between patients with endometriosis and
normal controls. Additionally, ROC curve analysis provided an AUC value for urine A1AT
ratio of 0.722 with significance (p = 0.011). Furthermore, the cut-off value was 5.20 ng/mg,
and the accuracy showed 73.1% with sensitivity and specificity as 78.8% and 63.2%, re-
spectively. The above values demonstrated acceptable power for the use of urinary A1AT
measurement for the detection of endometriosis.

From the literature, enolase-1 level in urine samples was investigated and found to
provide better diagnostic performance when used in conjunction with measurements of
serum CA125 (AUC of 0.821, sensitivity of 76.9%, and specificity of 85.0%) [17]. In our study,
no obvious significant differences could be detected between urine enolase-1 or the urine
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enolase-1-creatinine ratio between patients with endometriosis and normal controls. The
diagnostic performances indicated an AUC value of 0.487 without significance (p = 0.878).
This suggests less powerful detection ability for urine enolase-1.

From previous literature, there was significantly increased expression of VDBP in urine
samples from patients with endometriosis compared to normal controls (p < 0.001) [16],
but the diagnostic performance was less than that for serum CA125, with limited sensi-
tivity and specificity of 58% and 76%, respectively. In our research, there were significant
differences in the urinary VDBP-creatinine ratio between patients with endometriosis and
normal controls (0.280 vs. 0.073, p = 0.018). Additionally, patients with adenomyosis also
demonstrated a significantly higher urinary VDBP-creatinine ratio compared to normal
controls (0.311 vs. 0.073, p = 0.033). For diagnostic performances, urinary VDBP demon-
strated an AUC value of 0.841 with significance (p = 0.001). Although the AUC value for
the urinary VDBP-creatinine ratio was not superior to serum CA125 (0.841 vs. 0.888), it still
demonstrated potential value as a non-invasive detection biomarker for the detection of
clinical endometriosis.

As with the research by Cho et al. [16], our study showed that serum CA125 was still
one of the biomarkers with the highest diagnostic performance, including an AUC value
of 0.888 with significance (p = 0.001), sensitivity of 84.8%, specificity of 89.5%, positive
predictive value of 93.3%, and accuracy of 86.5%. Although there were triple biomarker
combinations (CA-125 x the results of urinary A1AT-creatinine ratio + urinary VDBP-
creatinine reaction, AUC 0.898 to 0.913, p = 0.001, accuracy of 86%) and double biomarkers
(CA-125 x urinary VDBP-creatinine ratio, AUC 0.939, p = 0.001, cut-off value as 193.33,
accuracy rate of 88%), that provided better performance, these results primarily depended
on the power of serum CA-125, while comparing the data of single markers using urinary
A1AT-creatinine ratio (AUC 0.722, p = 0.011, cut-off value 5.200, accuracy rate of 73.1%) or
urinary VDBP-creatinine ratio alone (AUC 0.841, p = 0.001, cut-off value 6.919, accuracy
rate of 86%) without obvious differences among each other. The above findings were
also compatible with research by Cho et al. [16], who found that the results of combined
markers, used in conjunction with serum CA125 measurement, multiplied by urinary
VDBP-creatinine ratio was better, but serum CA125 provided the most influence, when
comparing urinary VDBP-creatinine ratio (AUC: 0.874 vs. 0.857 vs. 0.678). However, the
current study focused on non-invasive methods to detect clinical endometriosis from sus-
pected symptomatic patients, and urinary A1AT-creatinine ratio, urinary VDBP-creatinine
ratio and combined data (urinary A1AT + VDBP creatinine ratio), all of which had ac-
ceptable performances with AUC values of 0.722, 0.841, and 0.809 with significance, and
accuracy rates of 73.1%, 86%, and 80%, respectively. Therefore, both urinary-A1AT and
urinary VDBP may be useful tools for non-invasive endometriosis detection in patients
with suspected clinical endometriosis.

The one limitation of our current study was that the criteria to differentiate patients
with or without endometriosis primarily depended on clinical principles, including clinical
symptoms, physical examination, and ultrasound findings, instead of surgical pathologic
proof. It was not feasible for us to use surgical classification of endometriosis stage and
make a comparison with the above biomarkers in our study. The absence of pathological
proof may introduce some bias regarding the accuracy of this biomarker protocol. How-
ever, our study may provide additional insight into the potential utility of non-invasive
detection biomarkers for clinically suspected endometriosis, and it may provide a concep-
tually compatible point-of-care test for the non-surgical management of endometriosis.
Although the two conditions are not the same [47], we collected patients with endometrio-
sis/adenomyosis for study, since they have similar clinical symptoms and diagnostic
methods. The other limitation of our study was the sample size of our normal controls.
An increase in enrolled healthy patients may have improved the AUC value and the ac-
curacy for examining urinary A1AT-creatinine ratio. It was difficult to collect balanced
and adequate healthy normal controls, since such cases rarely had any need to seek medi-
cal consultation.
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5. Conclusions

In this present study, serum CA125 was identified as the most influential diagnostic
performance biomarker for detecting clinical endometriosis or adenomyosis. Additionally,
the diagnostic performance for measuring urinary A1AT-creatinine ratio and urinary VDBP-
creatinine ratio was further strengthened when used in combination with CA125 measure-
ments. Using these urinary biomarkers in combination to further develop clinical tools for
point-of-care testing appears to be a useful and feasible approach for detecting endometriosis.
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Appendix A

Table A1. The median values comparison of examined biomarkers in different endometriosis status.

Urine
CA125 (mg/dL)

Urine
A1AT (ng/mL)

Urine
Enolase (ng/mL)

Urine
VDBP (ng/mL)

Serum
CA125 (IU/mL)

Emma 8.04 101.93 6.38 81.975 90.63
AD 57.52 204.88 2.82 93.435 143.80

p value 0.563 0.396 0.091 0.738 0.527
Emma 8.04 101.93 6.38 81.975 90.63

no Emsis/AD 1.38 98.22 3.95 51.385 19.75
p value 0.430 0.959 0.314 0.287 0.026 *
Aden 57.52 204.88 2.82 93.435 143.80

No Emsis/AD 1.38 98.22 3.95 51.385 19.75
p value 0.308 0.212 0.419 0.103 0.012 *

Urine Creatinine
Corrected

Urine
CA125-Creatinine

Ratio (ng/mg)

Urine
A1AT-Creatinine

Ratio (ng/mg)

Urine
Enolase-1-

Creatinine Ratio
(ng/mg)

Urine
VDBP-Creatinine

Ratio (ng/mg)

Emma 0.752 15.663 1.692 18.346
AD 7.139 75.452 1.261 31.126

p value 0.048 * 0.426 0.662 0.499
Emma 0.752 15.663 1.692 18.345

no Emsis/AD 0.254 10.404 1.529 7.301
p value 0.392 0.404 0.916 0.073
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Table A1. Cont.

Urine Creatinine
Corrected

Urine
CA125-Creatinine

Ratio (ng/mg)

Urine
A1AT-Creatinine

Ratio (ng/mg)

Urine
Enolase-1-

Creatinine Ratio
(ng/mg)

Urine
VDBP-Creatinine

Ratio (ng/mg)

Aden 7.139 75.452 1.261 31.126
No Emsis/AD 0.254 10.404 1.529 7.301

p value 0.031 * 0.181 0.793 0.033 *

Emma = Endometrioma; Emsis = Endometriosis; AD = Adenomyosis; A1AT = alpha 1-antitrypsin;
VDBP = vitamin D-binding protein; * = data with significance.

Table A2. The median values comparison of examined biomarkers in different subgroup analysis of
parameters in all cohorts.

All Endometriosis Serum
CA125 (U/mL)

Urine
CA125-Creatinine

Ratio (ng/mg)

Urine
A1AT-Creatinine

Ratio (ng/mg)

Urine
Enolase-1-

Creatinine Ratio
(ng/mg)

Urine
VDBP-Creatinine

Ratio (ng/mg)

Age < 30 58.550 0.001 66.107 0.001 15.907
Age >= 30 135.581 5.951 60.625 1.453 28.810

p value 0.610 0.548 0.968 0.412 0.704
Age < 40 125.636 0.455 23.653 0.748 18.259

Age >= 40 134.800 9.375 88.445 1.820 35.226
p value 0.900 0.032 * 0.319 0.163 0.237

Age < 50 138.660 6.481 66.782 1.588 31.087
Age >= 50 87.520 0.606 28.344 0.120 10.897

p value 0.611 0.370 0.670 0.005 * 0.370
BMI < 20 377.400 12.519 273.474 3.019 66.642

BMI >= 20 106.186 5.949 31.718 1.253 24.497
p value 0.386 0.434 0.418 0.224 0.139

BMI < 25 152.321 7.204 79.155 1.414 27.612
BMI >= 25 140.900 6.359 42.672 1.922 42.729

p value 0.917 0.907 0.716 0.688 0.545

A1AT = alpha 1-antitrypsin; VDBP = vitamin D-binding protein; BMI = body mass index; * = data with significance.

Table A3. The median values comparison of examined biomarkers in different subgroup analysis of
parameters in patients with ovarian endometriomas.

Endometrioma Serum
CA125 (U/mL)

Urine
CA125-Creatinine

Ratio (ng/mg)

Urine
A1AT-Creatinine

Ratio (ng/mg)

Urine
Enolase-1-

Creatinine Ratio
(ng/mg)

Urine
VDBP-Creatinine

Ratio (ng/mg)

Age < 30 - - - - -
Age >= 30 90.625 0.752 15.663 1.692 18.346

p value - - - - -
Age < 40 109.817 0.991 18.628 1.577 22.362

Age >= 40 33.050 0.036 6.767 2.037 6.297
p value 0.206 0.614 0.367 0.781 0.328

Age < 50 97.043 0.859 15.967 1.934 19.921
Age >= 50 45.700 0.0001 13.535 0.0001 7.319

p value 0.541 0.730 0.892 0.354 0.569
BMI < 20 112.033 0.026 15.345 1.730 29.829

BMI >= 20 47.900 0.008 12.998 2.019 12.116
p value 0.188 0.529 0.885 0.859 0.275

BMI < 25 80.333 0.019 14.082 2.211 21.772
BMI >= 25 45.700 0.0001 13.535 0.0001 7.319

p value 0.643 0.566 0.977 0.307 0.547
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Table A3. Cont.

Endometrioma Serum
CA125 (U/mL)

Urine
CA125-Creatinine

Ratio (ng/mg)

Urine
A1AT-Creatinine

Ratio (ng/mg)

Urine
Enolase-1-

Creatinine Ratio
(ng/mg)

Urine
VDBP-Creatinine

Ratio (ng/mg)

Size < 6cm 48.633 0.011 12.819 2.692 13.715
>=6cm 115.820 1.197 17.369 1.093 21.125
p value 0.142 0.479 0.708 0.252 0.625

A1AT = alpha 1-antitrypsin; VDBP = vitamin D-binding protein; BMI = body mass index.

Table A4. The median values comparison of examined biomarkers in different subgroup analysis of
parameters in patients with uterine adenomyosis.

Adenomyosis Serum
CA125 (U/mL)

Urine
CA125-Creatinine

Ratio (ng/mg)

Urine
A1AT-Creatinine

Ratio (ng/mg)

Urine
Enolase-1-

Creatinine Ratio
(ng/mg)

Urine
VDBP-Creatinine

Ratio (ng/mg)

Age < 30 58.550 0.001 66.108 0.001 15.907
Age >= 30 151.217 7.759 76.265 1.370 32.449

p value 0.594 0.494 0.949 0.480 0.671
Age < 40 137.500 0.053 27.423 0.125 15.181

Age >= 40 146.771 10.473 98.054 1.795 38.629
p value 0.927 0.024 * 0.439 0.035 * 0.139

Age < 50 152.533 8.354 83.720 1.472 34.809
Age >= 50 97.975 0.757 32.046 0.150 11.793

p value 0.672 0.046 * 0.658 0.355 0.422
BMI < 20 1173.500 49.998 1047.861 6.886 177.079

BMI >= 20 119.900 7.348 36.122 1.073 27.410
p value 0.001 * 0.010 * 0.001 * 0.048 * 0.010 *

BMI < 25 185.546 10.519 109.188 1.046 30.307
BMI >= 25 159.940 7.631 48.499 2.306 49.811

p value 0.859 0.758 0.649 0.425 0.552
<3.5cm 138.631 10.099 129.226 2.040 50.557

>=3.5cm 149.408 3.932 17.197 0.416 10.077
p value 0.909 0.313 0.183 0.112 0.048 *

A1AT = alpha 1-antitrypsin; VDBP = vitamin D-binding protein; BMI = body mass index; * = data with significance.

Table A5. The receiver operating characteristic (ROC) curve analysis of different single exam-
ined biomarker.

Serum CA125 Urine CA125-Cr
Ratio

Urine A1AT-Cr
Ratio

Urine Enolase-Cr
Ratio

Urine VDBP-Cr
Ratio

Cut-off value 23.70 0.0001 5.200 1.087 6.919
Area under curve 0.888 0.665 0.722 0.487 0.841

p value 0.001 * 0.058 0.011 * 0.878 0.001 *

A1AT = alpha 1-antitrypsin; VDBP = vitamin D-binding protein; * = data with significance.

Table A6. The receiver operating characteristic (ROC) curve analysis of different combined exam-
ined biomarkers.

sCA125*
(uA1AT +
uVDBP)

sCA125 +
uA1AT +
uVDBP

sCA125*u
A1AT

sCA125 +
uA1AT

sCA125*u
VDBP

sCA125 +
uVDBP

A1AT
*VDBP

A1AT
+ VDBP

Cut-off value 315.847 37.229 278.941 33.729 193.330 31.592 38.602 15.651
Area under curve 0.913 0.898 0.831 0.888 0.939 0.936 0.750 0.809

p value 0.001 0.001 0.001 0.001 0.001 0.001 0.004 0.001

A1AT = alpha 1-antitrypsin; VDBP = vitamin D-binding protein; sCA125 = serum CA125; uA1AT = urine
A1AT-creatinine ratio; uVDBP = urine VDBP-creatinine ratio; * = multiply.
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