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Background: To investigate the existence and degree of correlation between benign ovarian tumors and physiological indicators such
as reproductive hormones and tumor markers.

Methods: A total of 150 patients with benign ovarian tumors admitted to Jiaxing First Hospital between January 1, 2019, and May 30,
2021, were enrolled as research subjects, while 104 healthy women were enrolled in the control group. Comparative analysis of the
correlation between the reproductive hormones LH, FSH, T, E2, and the tumor indicators AMH, AFP, CEA, CA125, and CA199
between the groups was performed.

Results: There was no statistical difference in LH, FSH, T, AMH, and CEA expression levels between the experimental and control
groups (p>0.05); E,, CA125, and CA199 levels were higher significantly in the experimental group than in the control group
(P<0.001); AFP levels were significantly lower in the experimental group than in the control group (P<0.05). CA125 (0.762) had
the highest AUC when diagnosing the value of each index of E2, CA125, and CA199 for benign ovarian tumors. CA125 had the
highest sensitivity (56.7%), followed by E, (50.0%); CA199 had the highest specificity (84.5%), followed by CA125 (83.7%). The
combined diagnosis of benign ovarian tumors was performed using different combinations of the indicators. When the two indicators
were combined for diagnosis, the combination of E2 + CA199 had the highest sensitivity (82.6%), whereas the combination of CA125
+ CA199 had the largest AUC (0.783) and the highest specificity (86.4%). The combined diagnosis of E;+CA125+CA199 had a higher
AUC than the combined diagnosis of the two indicators (0.805), with a sensitivity of 77.2%, and a specificity of 70.9%.
Conclusion: The most relevant factors for benign ovarian tumors are E2, CA125, and CA199 and the combination of these three
indicators has the highest AUC for disease prediction while increasing the detection rate of benign ovarian tumors.
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Introduction

Ovarian tumor is the most common tumor in women’s reproductive systems, accounting for approximately 70% of
benign tumors. Their incidence rate is higher than other gynecological diseases, and they have a significant risk for
malignant transformation, which has a greater impact on women health and safety.'> Ovarian benign tumors (OBTs) can
occur at any age in women, but is more common during the reproductive years.® There are numerous types of benign
ovarian tumors, which include ovarian epithelial tumors, ovarian mesenchymal tumors, and germ cell tumors.* In terms
of the malignant ovarian tumors, 90% are of an epithelial cell type and comprise multiple histologic types, with various
specific molecular changes, clinical behaviours, and treatment outcomes. The remaining 10% are non-epithelial ovarian
cancers, which include mainly germ cell tumours, sex cord-stromal tumours, and some extremely rare tumours such as
small cell carcinomas.” Due to its inherent risk of malignancy and wide variety, the prediction and diagnosis of benign
ovarian tumors are particularly important.*” As clinical progress in tumor marker research slows down, an increasing
number of additional factors are being discovered to have a possible correlation with benign ovarian tumors. Therefore,
additional research is required to improve the disease prediction. At present, the majority of clinical indicators are non-

specific, they may exhibit abnormal levels in a variety of tumor types, and hence have low sensitivity and specificity
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when used alone as diagnostic indicators to predict benign ovarian tumors. Clinical research has shifted to determining
how to accurately predict benign ovarian tumors using an accurate combination of relevant factors. Therefore, this study
aimed to investigate whether a correlation exists between ovarian benign tumors and physiological indicators such as
reproductive hormones and tumor markers, as well as and the degree of correlation.

Materials and Methods

Subjects

150 patients with benign ovarian tumors admitted to Jiaxing First Hospital between January 1, 2019, and May 30, 2021, aged 18—
45 years with a mean of (31.72+7.51) years, were enrolled as study subjects; whereas 104 physically healthy females aged 19—45
years with a mean of (31.20+ 6.79) years were selected as the control group from the hospital’s patient record system. There was
no statistically significant difference in age between the group of patients with benign ovarian tumors and the healthy population
control group. This study was approved by the ethics committee of the Jiaxing First Hospital (No: LS2021-KY-129).

Inclusion and Exclusion Criteria

Inclusion Criteria

(I) pathological biopsy confirmed the diagnosis of benign ovarian tumor; (II) no other congenital diseases; (III) all
relevant patient clinical data were complete.

Exclusion Criteria

(D) those with a previous history of thoracic or abdominal surgery (except cesarean delivery); (II) those with severe underlying
diseases; (III) those with a history of psychiatric or neurological diseases; (IV) those with infectious diseases; (V) those with
liver and kidney dysfunction; (VI) those receiving adjuvant therapy such as radiotherapy and chemotherapy.

Methods

Each clinical index collected in the experimental and control groups was analyzed retrospectively: LH, FSH, T, E2,
AMH, AFP, CEA, CA125, CA199. Abbott’s fully automated chemiluminescence immunoassay was used to detect all
indexes using the chemiluminescence double antibody sandwich method. The test kits were supplied by Abbott
Diagnostics Ireland. The detailed operating procedure was performed according to the manufacturer’s instructions.

Statistical Analysis

SPSS Statistics 25.0 was used to organize and analyze the data. Normally distributed data were expressed as x+s, while non-
normally distributed data were expressed as median and quartiles. The #-test was used to compare normal measures, while non-
normal measures were compared using the Wilcoxon rank-sum test for the statistical significance of the differences between
the two groups. Pearson’s correlation coefficient (r) was used to determine the association between two normally distributed
continuous variables. Spearman correlation coefficient (p) was used to determine the association between two variables when
at least one variable was skewed or ranked. Logistic regression analysis was performed when the dependent variable was
categorical. OR (dominance ratio) refers to the ratio of the number of exposed to non-exposed subjects in the case group. The
OR value can be used to determine the extent to which exposure factors influence the occurrence of positive events. The
subject operating characteristic curve (ROC) was plotted to determine the optimal diagnostic cut-off for predicting disease, as
well as the sensitivity and specificity. p-values <0.05 were considered statistically significant.

Results

Basic Information About the Study Population

We collected data on 150 patients with benign ovarian tumors. The age of the patient group was (31.72+7.51) years,
while that of the control group was (31.29+6.79) years, and the age difference between the two groups was not
statistically significant (t=0.738, P=0.461). The differences in the indicators LH, FSH, T, AMH, and CEA, between
the two groups, were not statistically significant, but the differences in E2, AFP, CA125, and CA199 were statistically
significant (Table 1).
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Table | Basic Information of the Study Population

Variables Patients (n=150) Control (n=104) tiZ P

Age (years) 31.7247.51 31.29+6.79 0.738 0.461
LH (mIU/mL) 5.19 (3.11, 8.07) 4.39 (3.06, 5.91) 1.595 0.111
FSH (mIU/mL) 4.83 (3.32, 6.12) 5.09 (4.12, 6.20) 1.271 0.204
T (nmol/L) 1.07£0.34 1.02+0.32 1.000 0.318
E, (pmol/L) 291.12 (140.93, 472.80) | 172.57 (108.67, 340.61) 3.581 <0.001
AMH (ng/mL) 2.68 (1.33, 4.59) 2.65 (1.22, 4.43) 0.460 0.646
AFP (ng/mL) 1.90 (1.30, 3.00) 2.50 (1.70, 3.40) 3.227 0.001
CEA (ng/mL) 1.20 (0.80, 1.75) 1.20 (0.90, 1.80) 1.233 0.218
CAI125 (U/mL) 21.40 (13.95, 53.70) 12.00 (8.50, 18.20) 7.100 <0.001
CA199 (U/mL) 14.10 (6.65, 27.70) 7.70 (3.50, 15.00) 4618 <0.001

Multifactorial Logistic Regression Analysis

Multi-factor logistic regression equations were constructed by including E2, AFP, CA125, and CA199. P < 0.001 for the
model coefficients in the Omnibus test (likelihood ratio test) indicated that this fitted model was significant. Second, the
Hosmer-Lemesho test revealed a good model fit superiority effect with a —2 log-likelihood value of 254.862 and P=0.993
(P > 0.05). The results indicated that elevated levels of E2, CA125, and CA199 significantly increased the risk of
developing benign ovarian tumors. There was no statistically significant difference between AFP and the presence of
benign ovarian tumors. Table 2 further analysis was performed, and the statistically significant indicators E2, CA125, and
CA199 were incorporated into a new multi-factor logistic regression model, yielding the logistic regression equation.
logit(P)= In(P/(1 — P))= —2.244 + 0.001xE;+0.082 * CA125 + 0.046 « CA199, Table 3.

Correlation Analysis Between AMH and Various Indicators

Due to the possibility of a correlation between AMH and benign ovarian tumors, we performed a correlation
analysis of AMH with each index. The results indicated a negative correlation between AMH and E2, but a positive
correlation between AMH and T. Correlation between AMH and age was relatively high, whereas correlations
between T and E2 were low. There was no correlation between AMH and other factors, such as LH, FSH, AFP,
CEA, CA125, and CA199 (Table 4).

Table 2 Multi-Factor Logistic Regression Analysis of Patients with Benign Ovarian Tumors

Indicators B-value B-value Standard Error Wald OR (95% CI) P

E, 0.001 0.001 7214 1.001 (1.000, 1.003) 0.007
AFP —0.071 0.052 1.823 0.932 (0.841, 1.032) 0.177
CAI125 0.083 0.018 20.113 1.086 (1.048, 1.126) | <0.001
CAI199 0.045 0.015 9.316 1.046 (1.016, 1.077) 0.002

Table 3 One-Way Logistic Regression Analysis versus Multivariate Logistic Regression Analysis in
Patients with Benign Ovarian Tumors

Indicators One-Way Logistic Regression Multi-Factor Logistic Regression
OR OR95%CI P OR OR95%CI P
E, 1.001 1.000-1.002 0.014 1.001 1.000-1.002 0.019
CAI25 1.086 1.050-1.123 <0.001 1.085 1.047-1.125 <0.001
CAI199 1.059 1.032-1.087 <0.001 1.047 1.017-1.078 0.002
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Table 4 Correlation Analysis Between AMH and Various Indicators

Age LH FSH T E, AFP CEA CAI25 | CAI99
p (rho) —0.459 | 0.103 | —0.079 0.255 —0.280 | —0.052 | —0.009 0.063 0.107
P <0.001 | 0.107 0.216 <0.001 | <0.001 0414 0.883 0.322 0.094

The Value of Each Single Index in the Diagnosis and Prediction of Benign Ovarian

Tumors

The AUC of CA125 (0.762) was the highest when the value of every single index, including E2, CA125, and CA199 was
used to diagnose benign ovarian tumors. CA125 had the highest sensitivity (56.7%), followed by E2 (50.0%), while
CA199 had the highest specificity (84.5%), followed by CA125 (83.7%). Because the sensitivity and specificity of each
index are difficult to balance in predicting the disease, a combination of additional indexes was performed (Table 5).

The Predictive Value of Combination Diagnosis in Benign Ovarian Tumors

In this study, different combinations of indicators were used to make a combined diagnosis of benign ovarian tumors. When
the two indicators were combined for diagnosis, the combination of E2 +CA199 had the highest sensitivity (82.6%),
whereas the combination of CA125 + CA199 had the highest AUC (0.783) and specificity (86.4%). The AUC for the
combined diagnosis of E2+CA125+CA199 was greater than the AUC for the combined diagnosis of the two indicators
(0.805), where the sensitivity was 77.2% and the specificity was 70.9%, with Y=—0.022 for the multifactorial logistic
regression equation (Table 6). The ROC curves for each indicator diagnostic for predicting benign ovarian tumors were
plotted with 1-specificity as the horizontal coordinate and sensitivity as the vertical coordinate, as shown in Figure 1.

Discussion

Benign ovarian tumors are common clinical tumors of the reproductive system that are highly prevalent in women during
their reproductive years, and their incidence is increasing year by year due to the influence of modern women’s lifestyle
and dietary habits, as well as food safety concerns.® Ovarian cancer has the highest mortality rate of any gynecologic
tumor, with no distinctive symptoms in the early stages, and about 75% of patients are diagnosed in the middle and late
stages.” It reported that BRCA1/2 germline mutations are the strongest known genetic risk factors for epithelial ovarian
cancers and are found in 6-15% of women with diagnosed with that disease. The BRCA1/2 status can be used for
patients’ counselling regarding expected survival, as BRCA1/2 carriers with epithelial ovarian cancers respond better
than non-carriers to platinum-based chemotherapies. This yields greater survival, even though the disease is generally

Table 5 The Value of Each Single Index in the Diagnosis and Prediction of Benign Ovarian Tumors

Indicators | AUC P 95% ClI Cut-Off Threshold | Sensitivity (%) | Specificity (%)
E, 0.632 | <0.001 | 0.562-0.702 290.74 50.0 75.0
CAI25 0.762 | <0.001 | 0.705-0.819 18.70 56.7 83.7
CAI199 0.671 | <0.001 | 0.605-0.737 17.40 43.6 84.5

Table 6 The Predictive Value of Combination Diagnosis in Benign Ovarian Tumors

Indicators AUC P 95% CI Logistic Y | Sensitivity (%) | Specificity (%)
E,+CAI25 0.777 <0.001 | 0.721-0.833 0.128 66.7 76.9
E,+CA199 0.717 <0.001 | 0.653-0.780 —0.168 82.6 515
CAI125+CA199 0.783 <0.001 | 0.728-0.838 0.423 6l.1 86.4
E,+CAI125+CAI199 0.805 <0.001 | 0.753-0.858 —0.022 772 70.9

https:

2050

Dove!

International Journal of General Medicine 2023:16


https://www.dovepress.com
https://www.dovepress.com

Dove Yang et al

diagnosis of benign ovarian tumors

100

Sensitivity(%)

—— E,+CA125+CA199

— CA125

—E,

....... reference line

T T T
40 60 80 100

100% - Specificity%

Figure | ROC curves for the E2, CAI25, and CA199 indicators for the diagnosis of benign ovarian tumors.

diagnosed at a later stage and higher grade.'® Early detection of patients who are still in the benign tumor stage can aid in
the diagnosis, treatment, and prognosis of this disease, reducing the occurrence of the clinical process of benign ovarian
tumors transforming into ovarian cancer due to late diagnosis.

Female reproductive hormones are commonly used to evaluate the ovarian function and other gynecologic endocrine
disorders. In this study, five hormones, including LH, FSH, T, E2, and AMH, were selected as predictors, and only E2 was
found to be significantly different between the patient and control groups. Although sex hormones are affected by diet, medication,
strenuous exercise, and mood swings, their inclusion in the joint diagnosis with other factors can improve diagnostic efficacy.
Because few multifactorial correlation analyses on benign ovarian tumors have discussed whether reproductive hormones are
associated with the disease, they were included in this study. Whereas the results of Natalia Buza'' showed that serum levels were
significantly lower in all patients one week after surgery, these results indicate that serum levels were significantly higher, which is
consistent with the findings of this experiment regarding patients with higher E2 and lower FSH levels than controls.

When female ovarian granulosa cells secrete AMH, it inhibits the initial follicle’s recruitment, preventing it from
entering the growing follicular pool;'? it also prevents the growth of antral and small sinus follicles by decreasing their
sensitivity to FSH, which eventually leads to follicular development arrest and ovulation disorders.'®> According to one
study, AMH levels were significantly lower in all patients with ovarian endometriosis cysts than in patients with simple
ovarian cysts, with a statistically significant difference between the two groups.'® In contrast, there was no statistically
significant difference in AMH between the group of patients with benign ovarian tumors and the normal control group in
this study, confirming that AMH can be used as a basis for pathological classification of benign ovarian tumors but not as
a diagnostic indicator for the presence of benign ovarian tumors. AMH was positively correlated with T and negatively
correlated with age and E2 in this study. In contrast, Han Xiaojie'> conducted a study and found that AMH levels were
significantly positively correlated with E2 and T, but significantly negatively correlated with FSH and LH. Ye et al'®
discovered the same correlations: AMH levels were significantly positively correlated with E2 and T, but negatively
correlated with age, FSH, and LH. In contrast to these literature reports, the present study found no significant correlation
between AMH and FSH or LH, and a negative correlation with E2. Additionally, some studies found no significant
correlation between AMH and E2,'” and these differences could be explained by the fact that different correlates were

used, implying that additional research is needed to corroborate their findings.
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Tumor markers are critical for the diagnosis and prediction of benign and malignant tumors. CA125 is one of the most often
used markers for benign ovarian tumors and is presently regarded as the most valuable tumor marker in the clinical examination of
ovarian tumors.'® According to one, serum CA 125 and CA199 levels were significantly higher in the benign ovarian tumor group
compared to the control group, although differences in AFP, CEA, and HE4 levels were not statistically significant.'” This is
supported by the study by Lahlou et al,*® which reached the same conclusion as this paper. However, it has also been suggested that
HEA4 levels are lower in Chinese women with the benign disease compared to CA125 levels, making it a more suitable
biomarker.?! AFP was not an important parameter for differentiating benign ovarian tumors from the healthy population, but it
was a significant predictor when all factors were included in the analysis. While AFP levels may be decreased in patients with
benign ovarian tumors, there is still debate about whether AFP can be used as a predictor of benign ovarian tumors. Currently,
there is limited knowledge regarding the ovarian germ cell tumours in postmenopausal patients. However even uncommon —
postmenopausal women with an ovarian mass and an elevated serum AFP level should be suspected for ovarian germ cell
tumours.*

In this study, ROC curves were used to identify indicators of diagnostic value for predicting the development of benign ovarian
tumors, with the single indicator CA125 having the highest sensitivity and CA199 having the highest specificity, but both
indicators had low sensitivity and specificity when diagnosing and predicting the disease. Although the AUC of the combination
diagnosis of serum E2+CA125+CA199 was the greatest, which also improved the sensitivity, its specificity was lower than that of
the single and combined prediction of the two indices, and comprehensive analysis with additional laboratory tests is required to
improve the specificity. The optimal diagnostic cut-off value for E2 was found to be 290.74 pmol/L, for CA125 to be 18.70 U/mL,
and for CA199 to be 17.40 U/mL. Correspondingly, the optimal cut-off value for CA125 was found to be 36.2 U/mL and for
CA199 was 17.8 U/mL in a study by Park et al.>> Thus, whereas the optimal diagnostic cut-off values for CA199 were not
significantly different between the two studies, the optimal diagnostic cut-off values for CA125 varied widely. Gomes et al'’
demonstrated that CA125 >65 U/mL was associated with benign and non-malignant gynecological tumors in approximately 13%
of patients.

Conclusion

In this study, AMH was positively correlated with T and negatively correlated with age and E2. The presence or absence
of benign ovarian tumors was correlated with E2, CA125, and CA199, and the AUC was greatest for the combined
diagnosis of the three indices to predict the disease while improving the detection rate of benign ovarian tumors.
However, additional prospective studies are needed to validate our findings.
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