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Abstract: Background: Magnetic resonance (MR) relaxometry provides a noninvasive tool to dis-
criminate endometriosis-associated ovarian cancer (EAOC) from ovarian endometrioma (OE) with
high accuracy. However, this method has a limitation in discriminating malignancy in clinical use
because the R2 value depends on the device manufacturer and repeated imaging is unrealistic. The
current study aimed to reassess the diagnostic accuracy of MR relaxometry and investigate a more
powerful tool to distinguish EAOC from OE. Methods: This retrospective study was conducted at
our institution from December, 2012, to May, 2022. A total of 150 patients were included in this
study. Patients with benign ovarian tumors (n = 108) mainly received laparoscopic surgery, and
cases with suspected malignancy (n = 42) underwent laparotomy. Information from a chart review
of the patients” medical records was collected. Results: A multiple regression analysis revealed that
the age, the tumor diameter, and the R2 value were independent malignant predicting factors. The
endometriotic neoplasm algorithm for risk assessment (e-NARA) index provided high accuracy
(sensitivity, 85.7%; specificity, 87.0%) to discriminate EAOC from OE. Conclusions: The e-NARA
index is a reliable tool to assess the probability of malignant transformation of endometrioma.

Keywords: ovarian endometrioma; endometriosis-associated ovarian cancer; magnetic resonance
imaging; MR relaxometry; the R2 value; the endometriotic neoplasm algorithm for risk assessment
(e-NARA) index

1. Introduction

Ovarian cancer is the fifth leading cause of cancer-related death in women [1]. This
disease cannot be diagnosed in the early stages and is called the silent killer [2-4]. As such,
most ovarian cancer cases are diagnosed at advanced stages [5-7], and over 185,000 deaths
due to this disease are reported annually worldwide [8,9]. Ovarian cancer is divided into
epithelial, germ cell, and sex cord-stromal tumors, and, of these, epithelial ovarian cancer
has the highest rate [10,11]. Epithelial ovarian cancer can be divided into two categories,
designated as types 1 and 2 [12-14], by molecular genetics and morphologic characteristics.
Type 1 tumors show a stepwise progression (adenoma-carcinoma sequence), which com-
prises endometriosis-associated ovarian cancer (EAOC), such as clear cell carcinoma (CCC)
and low-grade endometrioid carcinoma, as well as mucinous carcinoma and low-grade
serous carcinoma [15,16]. Type 2 tumors range from the normal epithelium to precursor
lesions, and, finally, to high-grade serous and endometrioid carcinoma, malignant mixed
mesodermal tumors (carcinosarcomas), and undifferentiated carcinoma [15,17]. The former
shows slow, and the latter fast, progression to advanced stages [18,19].

Ovarian endometriosis is defined as the presence of endometrial glands and stroma
outside of the uterus, and it is most often detected in the pelvic peritoneum and ovaries [20-22].
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Repeated hemorrhages in the peritoneum or ovaries may contribute to several symptoms of
dysmenorrhea [23-25], chronic pelvic pain [26-29], and infertility [30-33], which negatively
affect the patient’s quality of life [34-36]. Epidemiologically, endometriosis has been
reported to increase the risk of EAOC, such as EC, CCC, low-grade serous carcinoma, and
seromucinous neoplasms [37-39]. CCC and EC of the ovary are the two most common
types of ovarian cancer, which arise from endometriosis [38,39].

In general, the presence of mural nodules and papillary projections is considered to
constitute evidence of malignancy [40]. These can be seen in either OE or EAOC, which
can pose a challenging diagnostic dilemma to clinicians [41,42]. Therefore, we investigated
how to discriminate EAOC from OE, and showed that total iron levels of cyst fluid can
discriminate EAOC from ovarian endometrioma (OE), with a cut-off point of 64.8 mg/L
(sensitivity, 85%; specificity, 98%) [43]. Magnetic resonance (MR) relaxometry, which can
noninvasively measure cyst fluid iron concentration, can discriminate with a cut-off point
of 12.1 (sensitivity, 86%,; specificity, 94%) [44]. Moreover, we showed a novel predictive
tool in the R2 predictive index, which requires tumor diameter and serum CEA level.
This model had good efficacy to detect the malignant transformation of endometrioma
(i.e., EAOC) without MRI, with good accuracy (sensitivity, 82%; specificity, 68%), and is
useful in following up outpatients [45,46]. MR relaxometry has exhibited a limitation in
discriminating malignancy for preoperative assessment [i.e., false positive (FP) or false
negative (FN)].

The current study aimed to reassess the diagnostic accuracy of MR relaxometry and
investigate both a more powerful and non-invasive tool to discriminate EAOC from OE.

2. Materials and Methods
2.1. Patients

A list of patients with primary, previously untreated, histologically-confirmed ovarian
tumors, who were treated at Nara Medical University Hospital between December, 2012,
and May, 2022, was generated from our institutional registry. We retrospectively included
in this study the following cases of OE as benign ovarian tumors and EAOC cases as
malignant tumors. Patients who were over 20 years old at the time of surgery and who
consented to, and received, magnetic resonance imaging (MR imaging) after hospitalization
were included in the current cohort. Patients who were under 20 years old, contraindicated
for MR imaging, prone to claustrophobia, or who refused to undergo MR imaging after
hospitalization were excluded. All of the OE and EAOC cases were histologically confirmed.
Written consent for the use of the patients’ clinical data for research was obtained at the
first hospitalization, and, after approval by the Ethics Review Committee of the Nara
Medical Hospital, the opt-out form was provided through our institutional homepage.
A total of 150 patients were included in the current cohort. One hundred and eight
patients were benign OE cases and forty-two patients were malignant cases. No patients
had undergone chemotherapy or radiotherapy for the ovarian tumors prior to treatment.
Patients with OE mainly received laparoscopic surgery, and the patients suspected of
harboring malignant tumors underwent laparotomy. The following factors were collected
through a chart review of the patients’ medical records: age, body mass index (BMI), parity,
postoperative diagnosis, including FIGO (The International Federation of Gynecology and
Obstetrics) stage, tumor diameter, menopausal status, and pre-treatment blood test results,
including carbohydrate antigen125 (CA125), carbohydrate antigen 19-9 (CA 19-9), and
carcinoembryonic antigen (CEA) as a tumor marker.

2.2. Tumor Imaging and Diagnoses

All patients first visited the outpatient clinic and underwent internal examination,
including ultrasound, followed by routine MR imaging using TIW and T2W sequences.
Tumor diameter was recorded as the largest diameter among axial, sagittal, and coro-
nal imaging. Patients were largely diagnosed with OE or EAOC by MRI, and this was
confirmed by histological examination, using surgically removed tissue, by at least two



Biomedicines 2022, 10, 2683

30f13

pathologists who were blinded to the study. The R2 values were obtained by a 3T system
(Magnetom Verio or Skyla, Siemens Healthcare, Erlangen, Germany). After the routine
clinical MR imaging, the registered patients underwent MR relaxometry using the single-
voxel acquisition mode sequence at multiple echo times and by fitting an exponential decay
to the echo amplitude at different multiple echo times [47]. A parameter R2 value (s-1)
was calculated using a high-speed T2 *-corrected multi-echo MR sequence (HISTO) by
the 3T-MR system in vivo and ex vivo, which has been previously described [48,49]. The
HISTO sequence was based on the single voxel steam sequences that could be used for
relative fat quantification in the liver [50]. This sequence allows estimation of liver iron
deposition, since the T2 of water changes with iron concentration. The pulse sequence
design and programming were done with an imaging platform (Siemens Medical Systems,
Erlangen, Germany) and applied to the 3T system. The sequence had a fixed number of
five measurements with different TEs, which were as follows: 12, 24, 36, 48, and 72 ms.
The typical protocol was performed in breath-hold, with a total acquisition time of 15 sec.
The repetition time (TR) was fixed to 3000 ms, which proved to be enough to compensate
for the effects of signal saturation, while maintaining an acceptable acquisition time. A
15 x 15 x 15-mm spectroscopy voxel (VOI) was placed to select a region encompassing
the liquid portion, but not the solid portion, of the cyst lumen. The fluid from the largest
cyst was measured if there were any patients who had more than one cyst. The VOI was
located in the center of the OE or EAOC cyst by a radiologist who specializes in female
pelvic MR imaging.

2.3. Statistical Analysis

Analyses were performed using SPSS version 25.0 (IBM SPSS, Armonk, NY, USA).
The differences of each factor, including the CPH index, the ROMA index, and the R2
predictive index, among groups were compared using a Mann-Whitney U test or Kruskal-
Wallis one-way ANOVA test. A receiver operating characteristic (ROC) curve analysis was
performed to determine the cut-off value for predicting malignant ovarian tumors. The
cut-off value was based on the highest Youden index (i.e., sensitivity + specificity — 1).
We next used a logistic regression analysis to assess the risk factors for malignant ovarian
tumors (i.e., EAOC). A two-sided p < 0.05 was considered as indicating a statistically
significant difference.

3. Results
3.1. Patients

From December, 2012, to May, 2022, a total of 150 patients were included in this study.
The benign and malignant cases were 108 and 42 in number, respectively. The demographic
and clinical characteristics of the combined cohort are outlined in Table 1.

Table 1. Demographic and clinical characteristics of the current cohort.

Benign Tumor Malignant Tumor p-Value
Number n =108 n=42
Age (years)
Median (range) 38.00 (20-62) 50.00 (31-78)
Mean + SD 37.04 £ 8.22 51.14 +£12.39 <0.001
BMI
Median (range) 21.43 (14.88-38.03) 21.78 (17.01-39.48)
Mean + SD 21.66 £ 3.69 23.10 £ 5.08 0.238
Parity
0 58 20
>1 50 22 0.586
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Table 1. Cont.

Benign Tumor Malignant Tumor p-Value
FIGO stage - I(n=35),I(n=6),1I(n=1)
Subtype Endometriosis (n = 108) CCC (n=18)

Endometrioid carcinoma (n = 13)
Seromucinous (1 = 8)
With atypical cells (1 = 2)
CCC + Endomtrioid (n = 1)

Cyst size (mm)

Median (range) 66.14 (23.53-193.00) 110.00 (38.99-231.92)
Mean £ SD 66.72 £ 28.06 121.05 £ 50.76 <0.001
Menopause
Yes 4 18
No 104 24 <0.001
BMI body mass index, FIGO The International Federation of Gynecology and Obstetrics, CCC clear cell carcinoma.
Cases diagnosed as borderline or harboring atypical cells in the cystic epithelial tissue
were included in malignant cases. In this cohort, there was significant differentiation in
age, maximum tumor diameter, and menopausal status. Table 2 shows the distribution of
peripheral blood cells. The platelet counts, lymphocyte (% and counts), and monocyte (%)
reached significant differentiation between a benign tumor and a malignant tumor.
Table 2. Distributions of peripheral blood cells and serum inflammatory values in the current cohort.
Benign Tumor Malignant Tumor p-Value
Number n =108 n =42
Hb (g/mL)
Median (range) 12.70 (7.50-14.80) 12.55 (7.20-15.20)
Mean £ SD 12.47 £1.27 12.26 £ 1.68 0.652
Platelet (x10%/puL)
Median (range) 25.90 (10.10-42.20) 28.70 (16.20-57.80)
Mean £ SD 26.36 = 5.80 30.01 = 8.74 0.011
WBC (x10%/uL)
Median (range) 61.00 (27.00-182.00) 70.00 (28.00-149.00)
Mean £ SD 64.84 +22.71 69.04+ 25.00 0.267
Neutrophils (%)
Median (range) 61.80 (41.00-91.50) 67.70 (41.10-94.10)
Mean £ SD 63.08 &= 10.01 66.07 £+ 12.19 0.134
Neutrophils (x 102 /uL)
Median (range) 37.57 (13.12-156.46) 44.41 (12.29-122.33)
Mean + SD 4290 £+ 23.18 45.09 £+ 23.43 0.517
Lymphocytes (%)
Median (range) 29.20 (7.00-43.00) 21.80 (2.70-45.60)
Mean + SD 27.44 + 8.59 23.95 + 10.05 0.035
Lymphocytes (x10%/uL)
Median (range) 16.41 (6.30-28.22) 13.67 (3.51-29.18)
Mean £ SD 16.62+ 4.59 13.88 £ 4.48 0.002
Monocytes (%)
Median (range) 5.90 (1.40-12.20) 6.50 (1.40-11.70)
Mean £ SD 6.10 = 1.65 6.96 £ 2.15 0.016
monocytes (X 10%2/uL)
Medjian (range) 3.66 (1.34-9.28) 3.96 (1.82-8.10)
Mean £ SD 3.87+1.39 424 +1.42 0.200

Hb hemoglobin, WBC white blood cells.
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Table 3 shows the distribution of serum markers and blood coagulation examination
in peripheral blood cells and the R2 value obtained by MR relaxometry. The carcinoem-
bryonic antigen (CEA), C-reactive protein (CRP), albumin, D-dimer, activated partial
thromboplastin time (APTT), and R2 showed significant differentiation between benign
and malignant tumors.

Table 3. Serum markers and blood coagulation examination in peripheral blood cells and R2 value

obtained by MR relaxometry.

Benign Tumor Malignant Tumor p-Value
Number n =108 n=42
CEA (ng/mL)
Median (range) 0.90 (0.30—4.20) 1.40 (0.40-67.6)
Mean + SD 112 £0.81 3.68 £10.39 <0.001
CA125 (U/mL)
Median (range) 63.50 (9.00-15.04 x 102) 46.00 (8.00-10.59 x 103)
Mean £ SD 103.90 £ 164.71 640.92 £ 1764.63 0.496
CA 19-9 (U/mL)
Median (range) 24.00 (1.00-4.74 x 10?) 26.00 (1.00-19.94 x 10%)
Mean + SD 40.47 £ 61.32 5229.70 £+ 31,108.10 0.164
CRP (mg/dL)
Median (range) 0.02 (0.00-12.00) 0.10 (0.00-13.40)
Mean + SD 0.35+1.32 0.88 £ 2.43 0.008
Albumin (g/dL)
Median (range) 4.50 (3.60-5.20) 4.40 (3.50-5.20)
Mean + SD 447 £0.25 434 £031 0.025
D-dimer (pug/mL)
Median (range) 0.60 (0.40-4.50) 0.80 (0.40-17.30)
Mean + SD 0.77£ 0.54 239 +£3.77 0.009
APTT (second)
Median (range) 28.30 (23.00-48.30) 27.30 (24.20-36.30)
Mean + SD 28.79 £3.44 27.59 £ 2.68 0.023
R2 (s71)
Median (range) 22.30 (4.53-59.42) 8.38 (4.80-31.22)
Mean + SD 23.68 £ 11.19 10.12 + 5.58 <0.001
CEA carcinoembryonic antigen, CA125 carbohydrate antigen125, CA 19-9 carbohydrate antigen 19-9, CRP
C-reactive protein, APTT activated partial thromboplastin time.
3.2. The Efficacy of Each Factor in Discriminating between OE and EAOC
The results of the ROC curve analysis, based on the detection of malignant tumors, are
shown in Table 4. The optimal cut-off value was determined by analyzing the ROC curve
among malignant ovarian tumors and OEs. The ROC analysis showed the same result
as peripheral blood cell distribution, serum markers, and blood coagulation examination
results (Tables 2 and 3). The R2 value showed the best sensitivity, and age and cyst size
showed the top two specificities (Table 4, Figure 1).
Table 4. The cut-off values discriminating EAOC from benign OE in the current cohort.
AUC p-Value Cut-Off Value Sensitivity ~ Specificity PPV NPV
Age (years) 0.825 <0.001 47.50 0.595 0.935 78.12 85.59
Cyst size (mm) 0.833 <0.001 85.74 0.786 0.843 66.00 91.00
CEA (ng/mL) 0.711 <0.001 0.950 0.756 0.583 50.82 80.76
Lymphocytes (%) 0.622 0.035 22.50 0.571 0.759 48.78 81.48
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Table 4. Cont.

AUC p-Value Cut-Off Value Sensitivity  Specificity PPV NPV

Lymphocytes (x10%/uL) 0.680 0.002 16.06 0.800 0.540 40.58 86.79
Monocytes (%) 0.640 0.016 7.65 0.371 0.862 52.00 77.32
Platelet (x10*/uL) 0.635 0.011 29.25 0.500 0.743 43.75 78.78
CRP (mg/dL) 0.638 0.009 0.14 0.476 0.757 44.44 78.00
Albumin (g/dL) 0.619 0.026 4.25 0.381 0.825 48.48 75.47
D-dimer (ug/mL) 0.648 0.010 0.75 0.556 0.735 47.61 79.22
APTT (second) 0.622 0.023 27.75 0.619 0.611 41.27 78.37
R2(s71) 0.875 <0.001 13.76 0.857 0.806 63.15 93.54

CEA carcinoembryonic antigen, CRP C-reactive protein, APTT activated partial thromboplastin time, PPV positive
predictive value, NPV negative predictive value, AUC area under curve. The R2 value was calculated as a fraction.

1.0 — —— R2 value
; r 4 = Tumor diameter
0.8 i —— Age
> /
= 0.6 -
8 0.4 /_///
02~/
Il ./
0.0

0.0 02 04 06 08 1.0
1-Specificity

Figure 1. The ROC curves of the factors showing the top three specificities in the current cohort. The
R2 value showed a high AUC.

3.3. The Independent Factors in Discriminating OE and EAOC

A multivariate analysis confirmed that age, cyst size, and the R2 value were extracted
as independent factors for predicting malignant tumors (hazard ratio (HR): 14.35, 95%
confidence interval (CI): 2.89-71.04, p < 0.001; HR: 14.40, 95% CI: 3.26-63.51, p < 0.001; HR:
10.23, 95% CI: 2.60-40.20, p = 0.001, respectively) (Table 5).

Table 5. Univariate and Multivariate analysis of the predictive factors of EAOC in the current cohort.

Univariate Analysis Multivariate Analysis
Risk Ratio (95% CI) p-Value Risk Ratio (95% CI) p-Value
Age <47.50 1.00 (referent) 1.00 (referent)
(years) >47.50 21.21 (7.93-56.71) <0.001 14.35 (2.89-71.04) 0.001
Cyst size <85.74 1.00 (referent) 1.00 (referent)
(mm) >85.74 19.62 (7.97-48.31) <0.001 14.40 (3.26-63.51) <0.001
CEA <0.95 1.00 (referent)
(ng/mL) >0.95 4.34 (1.84-10.18) 0.001
Lymphocytes >22.50 1.00 (referent)
(%) <2250 4.19 (1.82-9.61) 0.001
Lymphocytes >16.05 1.00 (referent)
(x10%/uL) <16.05 4.48 (1.77-11.36) 0.002
Monocytes <7.65 1.00 (referent)

(%) >7.65 3.69 (1.47-9.24) 0.005
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Table 5. Cont.

Univariate Analysis Multivariate Analysis
Risk Ratio (95% CI) p-Value Risk Ratio (95% CI) p-Value
Platelet <29.25 1.00 (referent)
(x10%/uL) >29.25 2.88 (1.36-6.09) 0.005
CRP <0.14 1.00 (referent)
(mg/dL) >0.14 2.83 (1.33-6.03) 0.007
Albumin >4.25 1.00 (referent)
(g/dL) <4.25 2.89 (1.28-6.53) 0.010
D-dimer <0.75 1.00 (referent)
(ng/mL) >0.75 3.46 (1.52-7.85) 0.003
APTT >27.75 1.00 (referent)
(second) <27.75 2.54 (1.20-5.37) 0.014
R2 >13.76 1.00 (referent) 1.00 (referent)
s™H <13.76 24.85 (9.26—66.69) <0.001 10.23 (2.60-40.20) 0.001

CEA carcinoembryonic antigen, CRP C-reactive protein, APTT activated partial thromboplastin time. The R2
value was calculated as a fraction.

3.4. The Efficacy of Endometriotic Neoplasm Algorithm for Risk Assessment (e-NARA) Index in
Discriminating OE and EAOC

We created the endometriotic neoplasm algorithm for risk assessment (e-NARA) indeXx,
which was calculated using the following Equation (1):

e-NARA index = —3.836 + 2.664 x [age(year)/10] + 2.667 x LN [Tumor diameter(mm)] + 2.326 x [10/R2] @)

LN = natural log function.

We next assessed the efficacy of the e-NARA Index in discriminating between OE and
EAOC. The result of the ROC curve analysis, based on discriminating EAOC from OE, is
shown in Figure 2A. The cut-off value from the above formula was 21.36 (sensitivity, 85.7%;
specificity, 87.0%; AUC = 0.928, p < 0.001) (Figure 2A,B). When setting the cut-off value as
17.97, sensitivity and specificity were 100.0% and 48.1%, respectively, and when the cut-off
value was set as 25.91, sensitivity and specificity were 38.1% and 100.0%, respectively

(Figure 2B).

A B
1.0 35.00

> 0 ; 30.00

£ 06/] N

E 7 25'00 ,,,,,,,,,,,,,,,,,,, R R b

Ji’ 0.4 .
0.2

| I~ 20.00 -
) A N i AP __ ................... 5
0 15.00

0.0 02 04 0.6 08 1.0
1-Specifici
P 4 Benign Malignant

Figure 2. (A) The ROC curves of the e-NARA index. The optimal cut-off value was 21.36 (B-a). To
make each specificity and sensitivity 100%, the cut-off values of the e-NARA index were 25.91 (B-b)
and 17.97 (B-c), respectively.

3.5. The Sub-Group Analysis of Malignant Tumor Showed the E-NARA Index Increased Stepwise

When the malignant tumors were divided into those with atypia/borderline tumor
and those with advanced malignant tumor, age, tumor diameter, and R2 value changed
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stepwise. Notably, age and R2 could distinguish atypia/borderline tumor from benign OE
and from atypia/borderline tumor with significant differentiation (p = 0.029 and p = 0.046,
respectively) (Figure 3A,C). The e-NARA index, which consisted of the above factors,
showed significant differentiation in discriminating atypia/borderline tumor from be-
nign OE, and advanced malignant tumor from benign OE, with optimal cut-off values
of 19.89 and 21.36, respectively (Table 6, Figure 3D). When comparing benign OE and
atypia/borderline tumor, under 19.89 corresponded to benign tumor (Figure 3(D-a)). The
cut-off value discriminating advanced malignant tumor from benign OE was the same
value, as shown in Figures 2(B-a) and 3(D-b).

*kk - B > dkk g
~ 250.00
g
= - E 200.00
= | £ 150.00
g T _
A 100.00 e il
= | — | S |
E 50.00 - +
=
= 0.00
With Atypia Advanced Benien OF With Atypia Advanced
or borderline malignant tumor b or borderline malignant tumor
etk D
: 35.00 -
w 30.00 .
[+ - -
£ 25.00 -
5 ' s b
. ] 20.00 s i gy L a
= = z
=== é s 15.00 L__-ri
10.00
With Atypia Advanced Benign OF With Atypia Advanced

or borderline malignant tumor or borderline malignant tumor

Figure 3. The e-NARA index, which consisted of age (A), tumor diameter (B), and R2 value (C) could
discriminate between atypia/borderline tumor from OE (D-a) and advanced malignant tumor from
benign OE (D-b). Circles and stars represent outlier (B,C). *** p < 0.001 and * p < 0.05 vs. benign OE.

Table 6. The cut-off values among benign OE, atypia or borderline tumor, and advanced malignant
tumor in the current cohort.

AUC p-Value Cut-Off Value  Sensitivity  Specificity PPV NPV

Benign OE vs. Atypia or 0.846 0.001 19.89 0.889 0.713 20.51 98.71
borderline tumor

Benign OF vs. Advanced 0.951 <0.001 21.36 0.909 0.870 68.18 96.90

malignant tumor

OE ovarian endometrioma.

4. Discussion

We previously reported that MR relaxometry could be a noninvasive preoperative
prediction tool and showed a favorable predictive accuracy for malignant transformations,
with sensitivity and specificity of 86% and 94%, respectively [44]. In the current study, MR
relaxometry showed a similar sensitivity to (85.7%), but lower specificity (80.6%) than, the
previous reports. This result could have been influenced by the accumulative effect of the
cases. MR relaxometry has diagnostic limitations in clinical use in the case of FP or FN. The
e-NARA index improved the specificity (87.0%).
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Ovarian tumors are diagnosed mainly as benign or malignant by transvaginal ultra-
sound because of its low cost and easily operable characteristics. However, this device has
yielded to enhanced MR imaging, because of its poor subjectivity. To improve its weak
point, the International Ovarian Tumor Analysis (IOTA) Group developed a system of
standardization in the characterization of adnexal masses [51]. Lee Cohen Ben-Meir et al.
investigated this method in OE, or its associated malignant tumor, EAOC, and reported
that this method could discriminate malignant tumors with high sensitivity [52]. Since
our study showed relatively high specificity, the IOTA system is recommended to evaluate
ovarian tumors for screening, and the e-NARA to validate.

Among previously reported indexes, the risk of ovarian malignancy algorithm (ROMA)
index and the Copenhagen (CPH) index were the two major predictive tools that use serum
markers and age, or menopausal status, in discriminating malignant ovarian tumor from
benign [53,54]. Our reports also showed tumor diameter and serum CEA level could dis-
criminate EAOC from OE without MRI [45,46]. Similar to these indexes, the e-NARA index
included one of these factors, such as age, and tumor diameter improved the diagnostic
accuracy. In discriminating malignant from benign tumors, relying on only one indicator
(i.e., MR relaxometry) could be inadequate, and indexes using multilateral indicators, as
above, should be required.

CEA is reported as an independent predictor for identifying epithelial ovarian cancer
and ovarian metastases [55]. Further studies found that the cut-off value of CEA in
the differential diagnosis of primary ovarian tumors and metastatic ovarian cancer was
2.33 ug/L [56]. In this cohort, CEA showed good diagnostic efficacy in univariate analysis.
However, it did not achieve significant differentiation in multivariate analysis. The serum
CEA level could exert its ability in predicting the R2 value, rather than in discriminating
EAOC from OE with the real R2 value.

In recent years, inflammatory reactions in the tumor microenvironment have been
shown to play an important role in tumor development and progression [57,58]. Peripheral
leukocytes, neutrophils, lymphocytes, platelets, and acute-phase proteins contribute to the
inflammatory response and can be detected easily. A number of studies have demonstrated
that inflammatory response factors are related to the survival of patients with cancer who
have been surgically treated [59-63]. In the current study, inflammatory factors, such as
elevated monocytes, platelets, and CRP, and decreased lymphocytes and albumin, showed
good diagnostic efficacy at univariate analysis, which was comparable to previous re-
ports [64-69]. Similar to the above malignant tumors, OE also induces severe inflammatory
responses [70-72]. The inflammatory response between OE and EAOC should be different.

Finally, the current study supports a scenario of the 2-step malignant transforma-
tion model which Hiroshi Kobayashi et al. hypothesized [73]. In the first step, excess
hemoglobin and iron species, produced by autoxidation and the Fenton reaction cause
oxidative damage, which results in DNA damage and mutations. In the second step,
reduced iron content and increased antioxidant protection could help in cell survival and
the tumorigenic effect of endometriotic cells. In the current study, the sub-group analysis
showed that the R2 value, which reflects the iron concentration of the cyst fluid, reduced
stepwise in the order of benign OE to malignant tumor. The iron species could play a key
role in causing malignant transformation of OE, and further investigation into the balance
of iron species and antioxidant protection is required.

This study had some limitations. The first limitation was possible selection bias, due to
the nature of retrospective study. To overcome this bias, a multi-center prospective cohort
study is now proceeding (UMIN000034969). Second, the newly reported tumor marker
of tissue factor pathway inhibitor 2 (TFPI2) was not assessed [74,75]. Finally, we did not
compare diagnostic efficacy among the IOTA classification, ROMA index, the CPH index,
and the e-NARA index. To assess the efficacy of the above tumor marker and these indexes,
a prospective study is needed.
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5. Conclusions

In conclusion, the e-NARA index improved diagnostic efficacy in discriminating
EAOC from OE and could provide clinicians with reliable evidence to diagnose EAOC.

Author Contributions: Conceptualization, N.K. and R.K.; methodology, N.K. and S.Y.; validation,
N.K,, TM. and S.Y.; formal analysis, N.K.; investigation, N.K. and EK; resources, N.K., RK. and
Y.Y,; data curation, N.K., TM., S.Y. and EK.; writing—original draft preparation, N.K.; writing—
review and editing, N.K., TM. and S.Y.; visualization, N.K.; supervision, H.K. and FK.; project
administration, FK.; funding acquisition, N.K. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the Japan Society for the Promotion of Science, grant num-
ber 21K16819.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Ethics Committee of Nara Medical
University Hospital (protocol code: 3377).

Informed Consent Statement: The consent form making patients’” data available for research use
was obtained at the first hospitalization, after approval by the Ethics Review Committee of the Nara
Medical Hospital, and the opt-out form was provided through our institutional homepage.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics. CA Cancer |. Clin. 2019, 69, 7-34. [CrossRef] [PubMed]

2. Bharwani, N.; Reznek, R.H.; Rockall, A.G. Ovarian Cancer Management: The role of imaging and diagnostic challenges. Eur. J.
Radiol. 2011, 78, 41-51. [CrossRef]

3. Saorin, A.; Di Gregorio, E.; Miolo, G.; Steffan, A.; Corona, G. Emerging Role of Metabolomics in Ovarian Cancer Diagnosis.
Metabolites 2020, 10, 419. [CrossRef]

4. Feeney, L.; Harley, L].; McCluggage, W.G.; Mullan, P.B.; Beirne, ].P. Liquid biopsy in ovarian cancer: Catching the silent killer
before it strikes. World J. Clin. Oncol. 2020, 11, 868-889. [CrossRef]

5. Zhang, Z; Bast, R.C,, Jr; Yu, Y;; Li, ].; Sokoll, L.J.; Rai, A.J.; Rosenzweig, ] M.; Cameron, B.; Wang, Y.Y.; Meng, X.Y.; et al. Three
Biomarkers Identified from Serum Proteomic Analysis for the Detection of Early Stage Ovarian Cancer. Cancer Res. 2004, 64,
5882-5890. [CrossRef] [PubMed]

6. Stewart, C; Ralyea, C.; Lockwood, S. Ovarian Cancer: An Integrated Review. Semin. Oncol. Nurs. 2019, 35, 151-156. [CrossRef]
[PubMed]

7. Lheureux, S.; Gourley, C.; Vergote, I.; Oza, A.M. Epithelial ovarian. Cancer 2019, 393, 1240-1253.

8.  Perrone, M.G,; Luisi, O.; De Grassi, A.; Ferorelli, S.; Cormio, G.; Scilimati, A. Translational Theragnosis of Ovarian Cancer: Where
do we stand? Curr. Med. Chem. 2020, 27, 5675-5715. [CrossRef]

9.  Zampieri, L.X,; Grasso, D.; Bouzin, C.; Brusa, D.; Rossignol, R.; Sonveaux, P. Mitochondria Participate in Chemoresistance to
Cisplatin in Human Ovarian Cancer Cells. Mol. Cancer Res. 2020, 18, 1379-1391. [CrossRef]

10. Torre, L.A.; Trabert, B.; DeSantis, C.E.; Miller, K.D.; Samimi, G.; Runowicz, C.D.; Gaudet, M.M.; Jemal, A_; Siegel, R.L. Ovarian
cancer statistics, 2018. CA Cancer J. Clin. 2018, 68, 284-296. [CrossRef]

11.  Debuquoy, C.; Romeo, C.; Vanacker, H.; Ray-Coquard, I. Rare ovarian tumors: An update on diagnosis and treatment. Int. J.
Gynecol. Cancer 2020, 30, 879-887. [CrossRef] [PubMed]

12, Shih, I; Kurman, R.J. Ovarian tumorigenesis: A proposed model based on morphological and molecular genetic analysis. Am. |.
Pathol. 2004, 164, 1511-1518. [CrossRef]

13.  Kurman, R.J; Shih, I. The origin and pathogenesis of epithelial ovarian cancer: A proposed unifying theory. Am. J. Surg. Pathol.
2010, 34, 433-443. [CrossRef] [PubMed]

14. Zeppernick, F.; Meinhold-Heerlein, I.; Shih, I.-M. Precursors of ovarian cancer in the fallopian tube: Serous tubal intraepithe-lial
carcinoma—An update. |. Obstet. Gynaecol. Res. 2015, 41, 6-11. [CrossRef] [PubMed]

15.  Kurman, R.J.; Shih, I. The Dualistic Model of Ovarian Carcinogenesis: Revisited, Revised, and Expanded. Am. J. Pathol. 2016, 186,
733-747. [CrossRef]

16. Kaldawy, A.; Segev, Y.; Lavie, O.; Auslender, R.; Sopik, V.; Narod, S.A. Low-grade serous ovarian cancer: A review. Gynecol. Oncol.
2016, 143, 433-438. [CrossRef]

17.  Darelius, A.; Kristjansdottir, B.; Dahm-Kéhler, P.; Strandell, A. Risk of epithelial ovarian cancer Type I and II after hysterec-tomy,

salpingectomy and tubal ligation—A nationwide case-control study. Int. J. Cancer 2021, 149, 1544-1552. [CrossRef]


http://doi.org/10.3322/caac.21551
http://www.ncbi.nlm.nih.gov/pubmed/30620402
http://doi.org/10.1016/j.ejrad.2010.11.039
http://doi.org/10.3390/metabo10100419
http://doi.org/10.5306/wjco.v11.i11.868
http://doi.org/10.1158/0008-5472.CAN-04-0746
http://www.ncbi.nlm.nih.gov/pubmed/15313933
http://doi.org/10.1016/j.soncn.2019.02.001
http://www.ncbi.nlm.nih.gov/pubmed/30867104
http://doi.org/10.2174/0929867326666190816232330
http://doi.org/10.1158/1541-7786.MCR-19-1145
http://doi.org/10.3322/caac.21456
http://doi.org/10.1136/ijgc-2020-001235
http://www.ncbi.nlm.nih.gov/pubmed/32461259
http://doi.org/10.1016/S0002-9440(10)63708-X
http://doi.org/10.1097/PAS.0b013e3181cf3d79
http://www.ncbi.nlm.nih.gov/pubmed/20154587
http://doi.org/10.1111/jog.12550
http://www.ncbi.nlm.nih.gov/pubmed/25330822
http://doi.org/10.1016/j.ajpath.2015.11.011
http://doi.org/10.1016/j.ygyno.2016.08.320
http://doi.org/10.1002/ijc.33714

Biomedicines 2022, 10, 2683 11 of 13

18.
19.

20.
21.

22.

23.
24.

25.
26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Lengyel, E. Ovarian cancer development and metastasis. Am. J. Pathol. 2010, 177, 1053-1064. [CrossRef]

Koshiyama, M.; Matsumura, N.; Konishi, I. Recent Concepts of Ovarian Carcinogenesis: Type I and Type II. BioMed. Res. Int.
2014, 2014, 934261. [CrossRef]

Giudice, L.C.; Kao, L.C. Endometriosis. Lancet 2004, 364, 1789-1799. [CrossRef]

Bulun, S.E.; Yilmaz, B.D.; Sison, C.; Miyazaki, K.; Bernardi, L.; Liu, S.; Kohlmeier, A.; Yin, P.; Milad, M.; Wei, ]. Endometriosis.
Endocr Rev. 2019, 40, 1048-1079. [CrossRef] [PubMed]

Saunders, P.T.K.; Horne, A.W. Endometriosis: Etiology, pathobiology, and therapeutic prospects. Cell 2021, 184, 2807-2824.
[CrossRef] [PubMed]

Falcone, T.; Flyckt, R. Clinical Management of Endometriosis. Obstet. Gynecol. 2018, 131, 557-571. [CrossRef] [PubMed]

Hewitt, G. Dysmenorrhea and Endometriosis: Diagnosis and Management in Adolescents. Clin. Obstet. Gynecol. 2020, 63, 536-543.
[CrossRef]

Osayande, A.S.; Mehulic, S. Diagnosis and initial management of dysmenorrhea. Am. Fam. Physician 2014, 89, 341-346.
Nnoaham, K.E.; Hummelshoj, L.; Webster, P.; d'"Hooghe, T.; de Cicco Nardone, E; de Cicco Nardone, C.; Jenkinson, C.;
Ken-nedy, S.H.; Zondervan, K.T. World Endometriosis Research Foundation Global Study of Women’s Health consortium. Impact
of endometriosis on quality of life and work productivity: A multicenter study across ten countries. Fertil. Steril. 2011, 96,
366-373.e8. [CrossRef]

Patzkowsky, K. Rethinking endometriosis and pelvic pain. J. Clin. Investig. 2021, 131, e154876. [CrossRef]

Stratton, P; Berkley, K.J. Chronic pelvic pain and endometriosis: Translational evidence of the relationship and implications. Hum.
Reprod. Updat. 2011, 17, 327-346. [CrossRef]

Zito, G.; Luppi, S.; Giolo, E.; Martinelli, M.; Venturin, I.; Di Lorenzo, G.; Ricci, G. Medical Treatments for Endometriosis-Associated
Pelvic Pain. BioMed. Res. Int. 2014, 2014, 191967. [CrossRef]

Macer, M.L,; Taylor, H.S. Endometriosis and infertility: A review of the pathogenesis and treatment of endometrio-sis-associated
infertility. Obstet. Gynecol. Clin. N. Am. 2012, 39, 535-549. [CrossRef]

Tanbo, T.; Fedorcsak, P. Endometriosis-associated infertility: Aspects of pathophysiological mechanisms and treatment options.
Acta Obstet. Gynecol. Scand. 2017, 96, 659-667. [CrossRef] [PubMed]

Bulletti, C.; Coccia, M.E.; Battistoni, S.; Borini, A. Endometriosis and infertility. J. Assist. Reprod. Genet. 2010, 27, 441-447.
[CrossRef] [PubMed]

Lin, Y.-H.; Chen, Y.-H.; Chang, H.-Y,; Au, H.-K,; Tzeng, C.-R.; Huang, Y.-H. Chronic Niche Inflammation in Endometriosis-
Associated Infertility: Current Understanding and Future Therapeutic Strategies. Int. . Mol. Sci. 2018, 19, 2385. [CrossRef]
[PubMed]

Bien, A.; Rzonca, E.; Zarajczyk, M.; Wilkosz, K.; Wdowiak, A.; Iwanowicz-Palus, G. Quality of life in women with endometriosis:
A cross-sectional survey. Qual. Life Res. 2020, 29, 2669-2677. [CrossRef]

Culley, L.; Law, C.; Hudson, N.; Denny, E.; Mitchell, H.; Baumgarten, M.; Raine-Fenning, N. The social and psychological impact
of endometriosis on women's lives: A critical narrative review. Hum. Reprod. Update 2013, 19, 625-639. [CrossRef]

Gallagher, ].S.; DiVasta, A.D.; Vitonis, A.F; Sarda, V,; Laufer, M.R.; Missmer, S.A. The Impact of Endometriosis on Quality of Life
in Adolescents. J. Adolesc. Health 2018, 63, 766—772. [CrossRef]

Brinton, L.A.; Sakoda, L.C.; Sherman, M.E.; Frederiksen, K.; Kjaer, S.K.; Graubard, B.I,; Olsen, ].H.; Mellemkjaer, L. Relationship
of benign gynecologic diseases to subsequent risk of ovarian and uterine tumors. Cancer Epidemiol. Biomark. Prev. 2005, 14,
2929-2935. [CrossRef]

Kim, H.S.; Kim, T.H.; Chung, H.H.; Song, Y.S. Risk and prognosis of ovarian cancer in women with endometriosis: A meta-analysis.
Br. J. Cancer 2014, 110, 1878-1890. [CrossRef]

Wilbur, M.A; Shih, I.M.; Segars, ].H.; Fader, A.N. Cancer implications for patients with endometriosis. Semin. Reprod. Med. 2017,
35,110-116. [CrossRef]

Takeuchi, M.; Matsuzaki, K.; Uehara, H.; Nishitani, H. Malignant Transformation of Pelvic Endometriosis: MR Imaging Findings
and Pathologic Correlation. RadioGraphics 2006, 26, 407-417. [CrossRef]

Tanaka, Y.O.; Okada, S.; Yagi, T.; Satoh, T.; Oki, A.; Tsunoda, H.; Yoshikawa, H. MRI of Endometriotic Cysts in Association With
Ovarian Carcinoma. Am. J. Roentgenol. 2010, 194, 355-361. [CrossRef] [PubMed]

Takeuchi, M.; Matsuzaki, K.; Harada, M. Computed diffusion-weighted imaging for differentiating decidualized endometrioma
from ovarian cancer. Eur. J. Radiol. 2016, 85, 1016-1019. [CrossRef] [PubMed]

Yoshimoto, C.; Iwabuchi, T.; Shigetomi, H.; Kobayashi, H. Cyst fluid iron-related compounds as useful markers to distin-guish
malignant transformation from benign endometriotic cysts. Cancer Biomark. 2015, 15, 493-499. [CrossRef]

Yoshimoto, C.; Takahama, J.; Iwabuchi, T.; Uchikoshi, M.; Shigetomi, H.; Kobayashi, H. Transverse Relaxation Rate of Cyst Fluid
Can Predict Malignant Transformation of Ovarian Endometriosis. Magn. Reson. Med. Sci. 2017, 16, 137-145. [CrossRef]
Kawahara, N.; Miyake, R.; Yamanaka, S.; Kobayashi, H. A Novel Predictive Tool for Discriminating Endometriosis Associated
Ovarian Cancer from Ovarian Endometrioma: The R2 Predictive Index. Cancers 2021, 13, 3829. [CrossRef] [PubMed]
Yamanaka, S.; Kawahara, N.; Kawaguchi, R.; Waki, K.; Maehana, T.; Fukui, Y.; Miyake, R.; Yamada, Y.; Kobayashi, H.; Kimura, F.
The Comparison of Three Predictive Indexes to Discriminate Malignant Ovarian Tumors from Benign Ovarian Endometrioma:
The Characteristics and Efficacy. Diagnostics 2022, 12, 1212. [CrossRef] [PubMed]


http://doi.org/10.2353/ajpath.2010.100105
http://doi.org/10.1155/2014/934261
http://doi.org/10.1016/S0140-6736(04)17403-5
http://doi.org/10.1210/er.2018-00242
http://www.ncbi.nlm.nih.gov/pubmed/30994890
http://doi.org/10.1016/j.cell.2021.04.041
http://www.ncbi.nlm.nih.gov/pubmed/34048704
http://doi.org/10.1097/AOG.0000000000002469
http://www.ncbi.nlm.nih.gov/pubmed/29420391
http://doi.org/10.1097/GRF.0000000000000540
http://doi.org/10.1016/j.fertnstert.2011.05.090
http://doi.org/10.1172/JCI154876
http://doi.org/10.1093/humupd/dmq050
http://doi.org/10.1155/2014/191967
http://doi.org/10.1016/j.ogc.2012.10.002
http://doi.org/10.1111/aogs.13082
http://www.ncbi.nlm.nih.gov/pubmed/27998009
http://doi.org/10.1007/s10815-010-9436-1
http://www.ncbi.nlm.nih.gov/pubmed/20574791
http://doi.org/10.3390/ijms19082385
http://www.ncbi.nlm.nih.gov/pubmed/30104541
http://doi.org/10.1007/s11136-020-02515-4
http://doi.org/10.1093/humupd/dmt027
http://doi.org/10.1016/j.jadohealth.2018.06.027
http://doi.org/10.1158/1055-9965.EPI-05-0394
http://doi.org/10.1038/bjc.2014.29
http://doi.org/10.1055/s-0036-1597120
http://doi.org/10.1148/rg.262055041
http://doi.org/10.2214/AJR.09.2985
http://www.ncbi.nlm.nih.gov/pubmed/20093596
http://doi.org/10.1016/j.ejrad.2016.03.009
http://www.ncbi.nlm.nih.gov/pubmed/27130065
http://doi.org/10.3233/CBM-150484
http://doi.org/10.2463/mrms.mp.2016-0028
http://doi.org/10.3390/cancers13153829
http://www.ncbi.nlm.nih.gov/pubmed/34359728
http://doi.org/10.3390/diagnostics12051212
http://www.ncbi.nlm.nih.gov/pubmed/35626367

Biomedicines 2022, 10, 2683 12 of 13

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Wood, ]J.C.; Enriquez, C.; Ghugre, N.; Tyzka, ].M.; Carson, S.; Nelson, M.D.; Coates, T. MRI R2 and R2* mapping accurately
estimates hepatic iron concentration in transfusion-dependent thalassemia and sickle cell disease patients. Blood 2005, 106,
1460-1465. [CrossRef]

Pineda, N.; Sharma, P.; Xu, Q.; Hu, X.; Vos, M.; Martin, D.R. Measurement of Hepatic Lipid: High-Speed T2-Corrected Multiecho
Acquisition at 'H MR Spectroscopy—A Rapid and Accurate Technique. Radiology 2009, 252, 568-576. [CrossRef]

Hasegawa, T.; Inagaki, K.; Haraguchi, H. Multielement correlation analysis of major-to-trace elements in human blood serum for
medical diagnosis as studied by ICP-AES and ICP-MS. Anal. Sci. 2001, 17, 1979-i982.

Wang, Z.].; Haselgrove, J.C.; Rn, M.B.M.; Hubbard, A.M,; Li, S.; Loomes, K.; Moore, J.R.; Zhao, H.; Cohen, A.R. Evaluation of iron
overload by single voxel MRS measurement of liver T2. J. Magn. Reson. Imaging 2002, 15, 395-400. [CrossRef]

Timmerman, D.; Valentin, L.; Bourne, T.; Collins, W.P.; Verrelst, H.; Vergote, I. Terms, definitions and measurements to describe
the sonographic features of adnexal tumors: A consensus opinion from the International Ovarian Tumor Analysis (IOTA) group.
Ultrasound Obstet. Gynecol. 2000, 16, 500-505. [CrossRef] [PubMed]

Cohen Ben-Meir, L.; Mashiach, R.; Eisenberg, V.H. External Validation of the IOTA Classification in Women with Ovarian Masses
Suspected to Be Endometrioma. J. Clin. Med. 2021, 10, 2971. [CrossRef]

Moore, R.G.; McMeekin, D.S.; Brown, A.K.; DiSilvestro, P; Miller, M.C.; Allard, W.]J.; Gajewski, W.; Kurman, R.; Bast, R.C., Jr.;
Skates, S.J. A novel multiple marker bioassay utilizing HE4 and CA125 for the prediction of ovarian cancer in patients with a
pelvic mass. Gynecol. Oncol. 2009, 112, 40-46. [CrossRef] [PubMed]

Karlsen, M. A ; Hogdall, E.V.; Christensen, L].; Borgfeldt, C.; Kalapotharakos, G.; Zdrazilova-Dubska, L.; Chovanec, J.; Lok, C.A,;
Stiekema, A.; Mutz-Dehbalaie, I; et al. A novel diagnostic index combining HE4, CA125 and age may improve triage of women
with suspected ovarian cancer—An international multicenter study in women with an ovarian mass. Gynecol. Oncol. 2015, 138,
640-646. [CrossRef] [PubMed]

Stiekema, A.; Boldingh, Q.; Korse, C.; van der Noort, V.; Boot, H.; van Driel, W.; Kenter, G.; Lok, C. Serum human epididymal
protein 4 (HE4) as biomarker for the differentiation between epithelial ovarian cancer and ovarian metastases of gastrointestinal
origin. Gynecol. Oncol. 2015, 136, 562-566. [CrossRef] [PubMed]

Moro, F,; Pasciuto, T.; Djokovic, D.; Di Legge, A.; Granato, V.; Moruzzi, M.C.; Mancari, R.; Zannoni, G.F,; Fischerova, D;
Franchi, D.; et al. Role of CA125/CEA ratio and ultrasound parameters in identifying metastases to the ovaries in patients with
multilocular and multilocular-solid ovarian masses. Ultrasound Obstet. Gynecol. 2019, 53, 116-123. [CrossRef]

Grivennikov, S.I; Greten, ER.; Karin, M. Immunity, inflammation, and cancer. Cell 2010, 140, 883-899. [CrossRef]

Ostan, R.; Lanzarini, C.; Pini, E.; Scurti, M.; Vianello, D.; Bertarelli, C.; Fabbri, C.; 1zzi, M.; Palmas, G.; Biondi, E; et al.
Inflammaging and Cancer: A Challenge for the Mediterranean Diet. Nutrients 2015, 7, 2589-2621. [CrossRef]

Ishizuka, M.; Nagata, H.; Takagi, K.; Horie, T.; Kubota, K. Inflammation-Based Prognostic Score Is a Novel Predictor of
Postoperative Outcome in Patients With Colorectal Cancer. Ann. Surg. 2007, 246, 1047-1051. [CrossRef] [PubMed]

Choi, E.-S.; Kim, H.-S.; Han, I. Elevated Preoperative Systemic Inflammatory Markers Predict Poor Outcome in Localized Soft
Tissue Sarcoma. Ann. Surg. Oncol. 2014, 21, 778-785. [CrossRef]

Wu, X.-S.; Shi, L.-B.; Li, M.-L.; Ding, Q.; Weng, H.; Wu, W.-G.; Cao, Y.; Bao, R.-F; Shu, Y.-].; Ding, Q.-C; et al. Evaluation of Two
Inflammation-Based Prognostic Scores in Patients with Resectable Gallbladder Carcinoma. Ann. Surg. Oncol. 2014, 21, 449-457.
[CrossRef]

Wei, X.-L.; Wang, F-H.; Zhang, D.-S.; Qiu, M.-Z,; Ren, C.; Jin, Y.; Zhou, Y.-X.; Wang, D.-S.; Dong-Sheng, Z.; Bai, L.; et al. A novel
inflammation-based prognostic score in esophageal squamous cell carcinoma: The C-reactive protein/albumin ratio. BMC Cancer
2015, 15, 350. [CrossRef] [PubMed]

Cho, Y,; Kim, K.H.; Yoon, H.I.; Kim, G.E.; Kim, Y.B. Tumor-related leukocytosis is associated with poor radiation response and
clinical outcome in uterine cervical cancer patients. Ann. Oncol. 2016, 27, 2067-2074. [CrossRef] [PubMed]

Li, L,; Tian, J.; Zhang, L.; Liu, L.; Sheng, C.; Huang, Y.; Zheng, H.; Song, F.; Chen, K. Utility of Preoperative Inflammatory Markers
to Distinguish Epithelial Ovarian Cancer from Benign Ovarian Masses. J. Cancer 2021, 12, 2687-2693. [CrossRef] [PubMed]
Cramer, D.W.,; Iv, W].B.; Vitonis, A.F,; Berkowitz, R.; Goodman, A.; Matulonis, U. Differential blood count as triage tool in
evaluation of pelvic masses. Int. . Gynecol. Cancer 2020, 31, 733-743. [CrossRef] [PubMed]

Williams, K.A.; Labidi-Galy, S.I; Terry, K.L.; Vitonis, A.F.; Welch, WR.; Goodman, A.; Cramer, D.W. Prognostic significance and
predictors of the neutrophil-to-lymphocyte ratio in ovarian cancer. Gynecol. Oncol. 2014, 132, 542-550. [CrossRef] [PubMed]
Guo, Y;; Jiang, T.; Ouyang, L.; Li, X.; He, W.; Zhang, Z.; Shen, H.; You, Z.; Yang, G.; Lai, H. A novel diagnostic nomogram based
on serological and ultrasound findings for preoperative prediction of malignancy in patients with ovarian masses. Gynecol. Oncol.
2021, 160, 704-712. [CrossRef]

Yang, D.; Li, H.; Sun, X,; Yang, S.; Wang, K.; Liu, Z. Clinical usefulness of high levels of C-reactive protein for diagnosing epithelial
ovarian cancer. Sci. Rep. 2020, 10, 20056. [CrossRef]

Schwartz, G.G.; Tretli, S.; Klug, M.G.; Robsahm, T.E. Women who develop ovarian cancer show an increase in serum calcium
and a decrease in serum albumin. A longitudinal study in the Janus Serum Bank Cohort. Gynecol. Oncol. 2020, 159, 264-269.
[CrossRef]

Wang, Y.; Nicholes, K.; Shih, I.-M. The Origin and Pathogenesis of Endometriosis. Annu. Rev. Pathol. Mech. Dis. 2020, 15, 71-95.
[CrossRef]


http://doi.org/10.1182/blood-2004-10-3982
http://doi.org/10.1148/radiol.2523082084
http://doi.org/10.1002/jmri.10080
http://doi.org/10.1046/j.1469-0705.2000.00287.x
http://www.ncbi.nlm.nih.gov/pubmed/11169340
http://doi.org/10.3390/jcm10132971
http://doi.org/10.1016/j.ygyno.2008.08.031
http://www.ncbi.nlm.nih.gov/pubmed/18851871
http://doi.org/10.1016/j.ygyno.2015.06.021
http://www.ncbi.nlm.nih.gov/pubmed/26086566
http://doi.org/10.1016/j.ygyno.2014.12.037
http://www.ncbi.nlm.nih.gov/pubmed/25560808
http://doi.org/10.1002/uog.19174
http://doi.org/10.1016/j.cell.2010.01.025
http://doi.org/10.3390/nu7042589
http://doi.org/10.1097/SLA.0b013e3181454171
http://www.ncbi.nlm.nih.gov/pubmed/18043109
http://doi.org/10.1245/s10434-013-3418-3
http://doi.org/10.1245/s10434-013-3292-z
http://doi.org/10.1186/s12885-015-1379-6
http://www.ncbi.nlm.nih.gov/pubmed/25934640
http://doi.org/10.1093/annonc/mdw308
http://www.ncbi.nlm.nih.gov/pubmed/27502717
http://doi.org/10.7150/jca.51642
http://www.ncbi.nlm.nih.gov/pubmed/33854628
http://doi.org/10.1136/ijgc-2019-001103
http://www.ncbi.nlm.nih.gov/pubmed/32487682
http://doi.org/10.1016/j.ygyno.2014.01.026
http://www.ncbi.nlm.nih.gov/pubmed/24462730
http://doi.org/10.1016/j.ygyno.2020.12.006
http://doi.org/10.1038/s41598-020-77167-y
http://doi.org/10.1016/j.ygyno.2020.07.006
http://doi.org/10.1146/annurev-pathmechdis-012419-032654

Biomedicines 2022, 10, 2683 13 of 13

71.

72.

73.

74.

75.

Kajiyama, H.; Suzuki, S.; Yoshihara, M.; Tamauchi, S.; Yoshikawa, N.; Niimi, K.; Shibata, K.; Kikkawa, F. Endometriosis and
cancer. Free Radic. Biol. Med. 2019, 133, 186-192. [CrossRef] [PubMed]

Nirgianakis, K.; McKinnon, B.; Ma, L.; Imboden, S.; Bersinger, N.; Mueller, M.D. Peritoneal fluid biomarkers in patients with
endometriosis: A cross-sectional study. Horm. Mol. Biol. Clin. Investig. 2020, 42, 113-122. [CrossRef] [PubMed]

Liu, T.; Sumida, D.; Wada, T.; Maehana, T.; Yamawaki, A.; Sugimoto, S.; Kawahara, N.; Yoshimoto, C.; Kobayashi, H. A diagnostic
challenge of seromucinous borderline tumor: A case report. Medicine 2019, 98, e15707. [CrossRef] [PubMed]

Yamanaka, S.; Miyake, R.; Yamada, Y.; Kawaguchi, R.; Ootake, N.; Myoba, S.; Kobayashi, H. Tissue Factor Pathway Inhibitor 2: A
Novel Biomarker for Predicting Asymptomatic Venous Thromboembolism in Patients with Epithelial Ovarian Cancer. Gynecol.
Obstet. Investig. 2022, 87, 133-140. [CrossRef]

Kobayashi, H.; Yamada, Y.; Kawaguchi, R.; Ootake, N.; Myoba, S.; Kimura, F. Tissue factor pathway inhibitor 2: A potential
diagnostic marker for discriminating benign from malignant ovarian tumors. J. Obstet. Gynaecol. Res. 2022, 48, 2442-2451.
[CrossRef]


http://doi.org/10.1016/j.freeradbiomed.2018.12.015
http://www.ncbi.nlm.nih.gov/pubmed/30562557
http://doi.org/10.1515/hmbci-2019-0064
http://www.ncbi.nlm.nih.gov/pubmed/32926606
http://doi.org/10.1097/MD.0000000000015707
http://www.ncbi.nlm.nih.gov/pubmed/31145284
http://doi.org/10.1159/000524804
http://doi.org/10.1111/jog.15345

	Introduction 
	Materials and Methods 
	Patients 
	Tumor Imaging and Diagnoses 
	Statistical Analysis 

	Results 
	Patients 
	The Efficacy of Each Factor in Discriminating between OE and EAOC 
	The Independent Factors in Discriminating OE and EAOC 
	The Efficacy of Endometriotic Neoplasm Algorithm for Risk Assessment (e-NARA) Index in Discriminating OE and EAOC 
	The Sub-Group Analysis of Malignant Tumor Showed the E-NARA Index Increased Stepwise 

	Discussion 
	Conclusions 
	References

