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Purpose: The diagnostic value of preoperative hematological changes in endometrial cancer (EC) remains unclear. This study aimed
to assess the role of preoperative hematologic parameters in differentiating EC from benign endometrial lesions in postmenopausal
women with endometrial masses.

Methods: Preoperative laboratory variables were retrospectively reviewed in patients with malignant or benign endometrial lesions, and
the significance of intergroup differences was assessed. Receiver operating characteristic curves were used to analyze the optimal cut-off
values for each variable. Logistic regression analysis was used to identify the variables predicting the presence of endometrial malignancy.
Results: Preoperative laboratory variables of 176 patients (84 EC and 92 benign lesions) with endometrial masses were analyzed.
Significant differences were observed between malignant and benign lesions in terms of WBC count, ANC, MCV, MPV, PDW, CA125,
NLR, PMR, LMR, and SII (P < 0.05). Multivariate analyses showed that a high WBC count, high ANC, low MCV, low MPV, low PDW,
high CA125, high NLR, high PMR, high LMR, and high SII independently predicted the presence of endometrial malignancy.
Conclusion: The combination markers, MPV+PDW+NLR, had good discriminatory power for the presence of malignancy
(AUC 0.797). Our results suggest that hematologic markers could be useful for the differentiation of malignant and benign endometrial
lesions.
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Introduction
Endometrial cancer is the most common gynecological malignancy in developed countries and usually affects post-
menopausal women.' In Korea, the incidence of EC has increased rapidly in recent years; in 2018, the age-standardized
incidence rate was 7.7 cases per 100,000 women, and the number of newly diagnosed EC cases and deaths attributed to
EC was 3182 and 327, respectively.>

Endometrial polyps are frequently encountered in daily practice and are more common in postmenopausal women
(11.8%) than in premenopausal women (5.8%).* Recent meta-analyses showed that the prevalence of premalignant or
malignant lesions in patients diagnosed with endometrial polyps was 3.4 to 4.93% in postmenopausal women and 1.12%
in premenopausal women,”® and concluded that a postmenopausal status with endometrial polyps was associated with an
increased risk of malignancy. Transvaginal ultrasonography (TVUS) could be used as a first-line, cost-effective, and
more acceptable imaging modality for patients. The sensitivity, specificity, and accuracy of ultrasonography in the
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diagnosis of endometrial polyps and submucosal myomas were 90.0%, 66.7%, and 87.9%, vs 88.9%, 50.0%, and 81.8%,
respectively.” MRI is considered as the most accurate imaging technique for the preoperative assessment of endometrial
cancer due to its excellent soft tissue contrast resolution. Routine MR protocols combined with diffusion-weighted
imaging (DWI) sequences or apparent diffusion coefficient (ADC) measurements may provide supplementary informa-
tion for the evaluation of benign and malignant lesions. The combined sensitivity and specificity of the mean ADC values
for differentiating EC from benign lesions were 93% and 94%, respectively.® However, key sonographic findings are
nonspecific and overlap between benign and malignant disorders’ and MRI is expensive, time consuming and not always
easily accepted by patients.

Invasive histological evaluation is the only standard diagnostic method to differentiate benign endometrial polyps from
neoplastic lesions. Expectant management is not recommended for patients with symptoms, especially for postmenopausal
women. The balance between surgery and expectant management for endometrial polyps continues to remain a clinical issue.
Although based on patient preference, the presence of medical comorbidities, or failed hysteroscopy, 22% of postmenopausal
women with endometrial polyps are managed expectantly.'® In these situations, the early noninvasive preoperative differ-
entiation of EC is an important issue. Moreover, more effective noninvasive methods are needed to prevent the high healthcare
costs and psychological distress associated with overtreatment of endometrial polyps.

Haematological parameters are readily accessible, routinely measured, and inexpensive inflammatory biomarkers.""
Several studies have evaluated the relationship between inflammation and EC, but few have evaluated the diagnostic
value of systemic inflammatory markers in different cancers. In a previous study, we reported the usefulness of
preoperative hematologic parameters as diagnostic markers of the presence of epithelial ovarian cancer (EOC) or uterine
leiomyosarcoma.'®'® Recent studies have shown that several serum markers could be used to differentiate EC from
benign endometrial pathologies.'*'>

The conclusions reached in studies investigating the diagnostic values of inflammatory markers in EC are contro-
versial. In a study that analyzed the relationship between hematological markers and cancer, age was found to be an
important confounding factor because age-related changes in the hematopoietic system affected overall results in the
elderly.'" However, few studies have addressed hematological marker changes in postmenopausal patients with endo-
metrial malignancy. Thus, the current study aimed to evaluate the diagnostic value of preoperative haematological
parameters in postmenopausal women with endometrial masses.

Materials and Methods

Subjects

We retrospectively reviewed the clinical records of 176 patients who underwent surgical resection of endometrial masses
between January 2018 and September 2021. Most women presented with postmenopausal spotting/bleeding, brownish
vaginal discharge, or thickened endometrium on ultrasonography. TVUS was performed before surgery for both benign
and malignant diseases. Endometrial cancer, endometrial polyps, and submucosal myomas were diagnosed after
hysteroscopic resection or D&C, respectively. In cases of endometrial cancer after hysteroscopic resection or D&C,
MRI was performed for further treatment. The 176 patients were categorized into two groups: an endometrial cancer
group (n=84) and a benign group (n=92). The benign group included women with endometrial polyps (n=69) or
submucosal myomas (n=23). Submucosal myomas appear as polypoid masses protruding into the uterine cavity. The
exclusion criteria were as follows: (1) current receipt of tamoxifen for breast cancer or a previous history of endometrial
hyperplasia or malignancy; (2) an infectious, inflammatory, hepatorenal, or hematological disease; (3) high-grade
endometrioid type or nonendometrioid type carcinoma; and (4) an endometrial lesion highly suspected to be malignant
based on ultrasound findings. Clinical and preoperative laboratory variables were subjected to statistical analyses. All
microscope slides were reviewed by a single gynecologic pathologist (KU Choi) to ensure consistency. The study was
performed in accordance with the ethical standards described in the Declaration of Helsinki and was approved before-
hand by the Institutional Review Board (IRB) of Pusan National University Hospital (IRB #2210-019-120), which
waived the requirement for written informed consent because of the retrospective nature of the study. All participants’
identities remained anonymous and confidential.
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Data Extraction

Patient ages, body weights, and body mass index (BMlIs) at the time of surgery were retrieved from medical records.
Laboratory data such as white blood cell (WBC) count, platelet count, absolute neutrophil count (ANC), absolute
lymphocyte count (ALC), absolute monocyte count (AMC), hemoglobin (Hb) concentrations, mean corpuscular volumes
(MCVs), red cell distribution widths (RDWs), mean platelet volumes (MPVs), platelet distribution widths (PDWs), and
cancer antigen 125 (CA125) levels were assessed. Laboratory tests were performed within 1-2 weeks prior to surgery.
The NLR, platelet-to-lymphocyte ratio (PLR), platelet-to-monocyte ratio (PMR), and lymphocyte-to-monocyte ratio
(LMR) were calculated by dividing ANC by ALC, platelet count by ALC, platelet count by AMC, and ALC by AMC.
The systemic immune-inflammatory index (SII) was defined as SII = P x N/L, where P, N, and L are pretreatment
peripheral blood platelet, neutrophil, and lymphocyte counts (cells/L), respectively. ROC curve analysis was used to
determine the discriminatory power for the presence of endometrial malignancy.

Statistical Analysis

Categorical variables were presented as frequencies and percentages. Continuous variables with a normal distribution are
presented as the mean and standard deviation (SD); skewed variables are reported as median and interquartile range
(IQR). The normality of the data distribution was checked using the Kolmogorov—Smirnov test. The two groups were
compared using a two-sample #-test or Mann—Whitney U-test for continuous data and Fisher’s exact test for categorical
data. Receiver operating characteristic (ROC) curves were drawn by plotting sensitivity against 1-specificity, and areas
under the ROC curves (AUCs) were used to evaluate diagnostic performance. Statistical analysis of the characteristics of
endometrial cancer patients was performed using R (http://cran.r-project.org) version 4.0.5, and additional packages

(pPROC, plotROC). In all analyses, a p-value <0.05 was considered statistically significant.

Results

Patient Characteristics

Eighty-four patients had EC and 92 patients had benign lesions (endometrial polyps or submucosal myomas). Hysteroscopic
resection was performed in 89 cases and D&C in 87 cases. Patients with EC were matched to patients with benign lesions who
underwent hysteroscopic resection, D&C, or hysterectomy during the same period. The patient characteristics are summarized
in Table 1. The median ages of the EC patients and benign group were 58 (51-75) and 61.5 (51-86) years, respectively, and the
median BMIs were 24.4 (range, 18.4-32.5) and 22.9 (range, 15.7-34.4), respectively. A significant difference was observed
between the EC patients and the benign group in the presence of AUB (78.6% vs 29.3%).

Laboratory Values Between Endometrial Cancer and Benign Lesions

The laboratory results for both the groups are shown in Table 2. The following variables were significantly different
between the two groups: WBC count, ANC, MCV, MPV, PDW, CA125, NLR, PMR, LMR, and SII (P < 0.05). In the EC
group, the median WBC count, ANC, MCV, MPV, PDW, and CA125 were 6560/uL (3700-13,590/uL), 3969.7/uLL
(1997.9-12,434.9/uL), 89.8 L (67.7-96.2 fL), 9.95 fL (8.00-11.30), 10.95 fL (8.40-15.20 fL), and 19.5 U/mL (5.23—
290.8), respectively, and the corresponding values in the benign group were 5590/uL (3090-14,060/uL), 3182.3/uLL

Table | Patient Characteristics of Malignant and Benign Lesions

Malignant Lesions, Benign Lesions, P value
Median (IQR) (n=84) | Median (IQR) (n=92)
Age (years) 58.0 (51-74) 61.5 (51-86) 0.002
BMI (kg/m?) 24.4 (18.4-32.5) 229 (15.7-34.4) 0.001
Nulliparity (n, %) 7 (8.3) 19 (20.7) 0.032
AUB (n, %) 66 (78.6) 27 (29.3) 0.000
Hypertension (n, %) 31 (36.9) 15 (16.3) 0.002
Diabetes mellitus (n, %) 12 (14.3) 7 (6.4) 0.024
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Table 2 Laboratory Values Between Endometrial Malignancy and Benign Lesions

Malignant Lesions, Benign Lesions, P-value
Median (IQR) (n=84) Median (IQR) (n=92)
WBC (per pL) 6560.0 (3700-13,590) 5590.0 (3090-14,060) 0.000
ANC (per pL) 3969.7 (1997.9-12,434.8) 3182.3 (1192.7-8478.2) 0.000
MCV (fL) 89.8 (67.7-96.2) 91.7 (72.0-103.2) 0.000
MPV (fL) 9.95 (8.0-11.3) 10.20 (8.6—13.0) 0.000
PDW (fL) 10.95 (8.4-15.2) 11.70 (8.2-51.0) 0.015
CAI25 (U/mL) 19.5 (5.2-290.8) 13.7 (4.5-71.4) 0.000
NLR 1.99 (0.81-17.94) 1.78 (0.03-4.02) 0.016
PMR 702.0 (214.5-2512.7) 632.0 (81.0-1370.8) 0.011
LMR 5.6 (0.85-11.97) 5.0 (0.65—408.47) 0.028
NI 514.1 (171.7-4449.7) 418.8 (8.6—1632.1) 0.009

Note: P-values for comparisons of medians were obtained using Wilcoxon rank-sum test.
Abbreviations: IQR, interquartile range; BMI, body mass index; WBC, white blood cell; ANC, absolute
neutrophil count; MCV, mean corpuscular volume; MPV, mean platelet volume; PDVYV, platelet distribution
width; NLR, neutrophil-lymphocyte ratio; PMR, platelet-to- monocyte ratio; LMR, lymphocyte-to-monocyte
ratio; Sll, systemic immune-inflammatory index.

(1192.7-8478.2/uL), 91.7 fL (72.0-103.2), 10.20 fL (8.60-13.00 fL), 11.70 fL (8.20-51.00), and 13.7 U/mL (4.53—
71.40), respectively. In addition, the NLR, PMR, LMR, and SII in the EC group were 1.99 (0.81-17.94), 702.0 (214.5—
2512.7), 5.64 (0.85-11.97), and 514.1 (171.7-4449.7), respectively, and the corresponding values in the benign group
were 1.78 (0.03-4.02), 632.0 (81.02-1370.84), 5.03 (0.65-408.47), and 418.8 (8.63—1632.11), respectively. Hb, RDW,
lymphocyte, monocyte, and platelet counts did not differ significantly between the two groups (P > 0.05).

Predictive Efficacy of Laboratory Data

ROC curve analysis determined that the optimal thresholds for WBC count, ANC, MCV, MPV, PDW, and CA125 were
6230, 2841, 92.1, 10.0, 11.3, and 13.5, respectively (Table 3). The variable AUCs, sensitivities, specificities, and P-values
are shown in Table 4. ROC curve analyses determined that the optimal cut-off points for NLR, PMR, LMR, and SII were;
1.96 (AUC=0.605; sensitivity, 0.524; specificity, 0.685), 883.3 (AUC=0.611; sensitivity, 0.369; specificity, 0.826), 6.85
(AUC=0.596; sensitivity, 0.357; specificity, 0.826), and 508.4 (AUC=0.615; sensitivity, 0.524; specificity, 0.663),
respectively (Table 4). The following variables were significantly associated with the presence of EC in univariate

Table 3 Univariate and Multivariate Analyses for the Discrimination of Variables That Predict Endometrial
Adenocarcinoma

Optimal Cut-off Univariate Multivariate Adjusted for Age and BMI
OR (95% CI) P value OR (95% CI) P value
WBC (per L) 26230 3.047 [1.648, 5.635] 0.000 3.131 [1.621, 6.049] 0.001
ANC (per pL) 22841 3.864 [1.933, 7.726] 0.000 3.958 [1.884, 8.313] 0.000
MCV (fL) <92.1 3511 [1.810, 6.808] 0.000 3.103 [1.541, 6.248] 0.002
MPV (fL) <10.0 3.980 [2.080, 7.617] 0.000 4.048 [2.032, 8.064] 0.000
PDW (fL) <113 2517 [1.371, 4.620] 0.003 3.079 [1.582, 5.990] 0.001
CAI125 (U/mL) 2135 3.706 [1.855, 7.404] 0.000 5.552 [2.533, 12.166] 0.000
NLR 21.96 2.390 [1.293, 4.415] 0.005 2.523 [1.305, 4.878] 0.006
PMR 2883.3 2.778 [1.383, 5.583] 0.004 2.692 [1.272, 5.699] 0.010
LMR 26.85 2,639 [1.311, 5.313] 0.007 2.468 [1.184, 5.147] 0.0l16
Sl 2508.4 2.165 [1.178, 3.978] 0.013 2.336 [1.210, 4.096] 0.011

Notes: Results of multiple logistic regression with variables show a P-value less than 0.05 in univariate regression. Multivariate model is
adjusted for BMI.

Abbreviations: OR, odds ratio; Cl, confidence interval; BMI, body mass index; WBC, white blood cell; ANC, absolute neutrophil count;
MCV, mean corpuscular volume; MPV, mean platelet volume; PDWV, platelet distribution width; NLR, neutrophil-lymphocyte ratio; PMR,
platelet-to- monocyte ratio; LMR, lymphocyte-to-monocyte ratio; Sll, systemic immune-inflammatory index.
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Table 4 Predictive Efficacy of Clinical Characteristics and Laboratory Data

AUC 95% CI Sensitivity | Specificity LR+ LR- PPV NPV | P-value
BMI 0.641 0.559-0.723 0.571 0.685 1.813 | 0.626 | 0.623 | 0.636 0.001
WBC (per uL) | 0.658 | 0.578-0.738 0.619 0.652 1.780 | 0584 | 0.619 | 0.652 0.000
ANC (per pL) 0.666 | 0.586-0.745 0.821 0.457 1511 | 0391 0.580 | 0.737 0.000
MCV (fL) 0.661 0.581-0.742 0.786 0.489 1.538 | 0438 | 0.584 | 0.714 0.000
MPV (fL) 0.659 | 0.579-0.740 0.762 0.554 1.710 | 0430 | 0.610 | 0.718 0.000
PDW (fL) 0.606 | 0.522-0.690 0.607 0.620 1.596 | 0.634 | 0593 | 0.633 0.014
CAI25 (U/mL) | 0.684 | 0.602-0.766 0.788 0.600 1.575 | 0425 | 0.612 | 0.702 0.000
NLR 0.605 | 0.522-0.689 0.524 0.685 1.662 | 0.695 | 0.603 | 0.612 0.015
PMR 0.611 0.528-0.695 0.369 0.826 2.122 | 0.764 | 0.660 | 0.589 0.010
LMR 0.596 | 0.511-0.680 0.357 0.826 2.054 | 0.778 | 0.652 | 0.585 0.027
NI 0.615 | 0.532-0.698 0.524 0.663 1.555 | 0.718 | 0.587 | 0.604 0.007
Model | 0.797 | 0.732-0.862 0.810 0.674 2483 | 0.283 | 0.694 | 0.795 0.000

Note: Model |= MPV+PDW+NLR.

Abbreviations: AUC, area under curve; Cl, confidence interval; WBC, white blood cell; ANC, absolute neutrophil count; MCV, mean
corpuscular volume; MPV, mean platelet volume; PDW, platelet distribution width; NLR, neutrophil-lymphocyte ratio; PMR, platelet-to-
monocyte ratio; LMR, lymphocyte-to-monocyte ratio; Sll, systemic immune-inflammatory index; LR+, Positive likelihood ratio; LR-, Negative
likelihood ratio; PPV, positive predictive value; NPV, negative predictive value.

logistic regression analyses: BMI, WBC count, ANC, MCV, MPV, PDW, CA125, NLR, PMR, LMR, and SII (all P <
0.05). Multivariate logistic regression analyses showed that high WBC count (OR=3.13, 95% CI=1.62-6.05, P=0.001),
high ANC (OR=3.96, 95% CI=1.88-8.31, P=0.00), low MCV (OR=3.10, 95% CI=1.54-6.25, P=0.002), low MPV
(OR=4.05, 95% CI=2.03-8.06, P=0.000), low PDW (OR=3.08, 95% CI=1.58-5.99, P=0.001), high CA125 (OR=5.55,
95% CI=2.53-12.17, P=0.000), high NLR (OR=2.52, 95% CI=1.31-4.88, P=0.006), high PMR (OR=2.69, 95%
CI=1.25-5.70, P=0.010), high LMR (OR=2.47, 95% CI=1.18-5.15, P=0.016), and high SII (OR=2.34, 95% CI=1.21-
4.10, P=0.011) independently predicted the presence of endometrial cancer (Table 3). Model 1, based on a combination
of hematologic markers (MPV+PDW+NLR), had an AUC of 0.797, a sensitivity of 0.810, and a specificity of 0.674
(Figure 1).

Discussion

Although previous studies have reported the diagnostic efficiency of EC as determined using sonographic (postmeno-
pausal endometrial thickness) or clinical (postmenopausal bleeding) criteria, few have attempted to identify easily
accessible hematological markers for the differentiation of EC and benign endometrial lesions. Furthermore, studies
on the associations between hematologic parameters and the preoperative differentiation of EC in postmenopausal
patients are lacking. Accordingly, we aimed to determine the predictive values of preoperative hematological parameters
in postmenopausal patients with endometrial masses. In this study, univariate and multivariate logistic regression
analyses showed that WBC > 6230 (/uL), ANC > 2842 (/uL), MCV < 92.1 fL, MPV < 10.0 fL, PDW < 92.1 L,
CA125>13.5 (U/mL), NLR > 1.96, PMR > 883.3, LMR > 6.85, and SII > 508.4 significantly predicted the presence of
EC. Furthermore, a combination of hematologic markers (MPV+PDW+NLR) improved the differential diagnosis of
malignant and benign endometrial lesions, with an AUC of 0.797, a sensitivity of 81.0%, and a specificity of 67.4%. No
significant intergroup differences were observed in Hb, RDW, or lymphocyte, monocyte, or platelet counts.

Whether the endometrial masses included in this study were endometrial polyps or submucosal myomas remains
undetermined. In addition to endometrial polyps, submucosal myomas appear as polypoid masses protruding into the
uterine cavity. Submucosal myomas are among the main reasons for postmenopausal uterine bleeding and are included in
the differential diagnosis of endometrial polyps and malignant lesions.'® The uterine myomas included in this study
appeared to be endometrial polyps on preoperative ultrasonography, and after surgery, they were finally confirmed as
uterine myomas.

Cancer development and inflammation are closely associated, and increasing evidence suggests that chronic inflam-
mation plays a crucial role in tumor initiation, progression, and host antitumor immunity. This suggests that systemic
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Figure | Receiver operating characteristic (ROC) curves for the differentiation between endometrial malignant and benign lesions. Model |, a combination of hematologic
markers (MPV+PDW+NLR).
Abbreviations: MPV, mean platelet volume; PDVY, platelet distribution width; NLR, neutrophil-lymphocyte ratio.

inflammatory blood markers might provide useful information regarding the presence of malignancy. Inflammation and
EC have been reported to be closely associated, and the inflammatory responses to malignant and benign endometrial
pathologies vary, which concurs with our findings. Although the mechanism has not been elucidated, neutrophils,
lymphocytes, and platelets, which are the main components of inflammation, are known to contribute to tumor
development.'” A list of recent studies that used hematologic parameters as a preoperative diagnostic marker is provided
in Table 5. Notably, the reported results are inconsistent.

Risk factors for EC include advanced age, obesity, diabetes mellitus, hypertension, and nulliparity. In particular, the
association between age and malignancy risk has been well studied. Bel et al reported the prevalence of malignant lesions
in menopausal patients with endometrial polyps. Subgroup analysis showed that the risk of malignancy was highest in
postmenopausal women > 59 years with abnormal uterine bleeding who presented with an endometrial polyp (12%).°
Additionally, age-related changes in the immune system include low-grade inflammation and the immune response,
which increase susceptibility to various diseases, including malignancies.”” In the present study, patients presenting
a malignant lesion were significantly older. Based on age at presentation, the median age of patients with EC was lower
than that of the benign group, probably due to earlier symptom occurrence and earlier hospital visits in the EC group.
Diabetes mellitus and hypertension have been considered to be positively associated with the risk of EC, and we found
that the prevalence of both was higher in patients with EC than in the benign group. Furthermore, BMI is a well-known
independent risk factor for EC and is also significantly associated with endometrial polyps in postmenopausal women.*®
As has been reported in previous studies, women with a malignant lesion had a higher mean BMI in this study.
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Table 5 Summary of Recent Studies Using Hematologic Parameters as a Preoperative Diagnostic Marker

Author (Year) WBC | ANC | Hb | MCV | RDW | PLT | MPV | PDW | NLR | LMR | PMR | PLR | SIl | CAI25
Acmaz et al (2014)'® ® @® ® ®

Kurtoglu et al (2015)"7 ® ®

Karateke et al (2015)"° ® ®

Kemal et al (2015)%° @®

Ural et al (2015)*' @® ®

Abide et al (2018)* @® @® ®

Pergialiotis et al (2018)%

Bacanakgil et al (2018)**

Zhang et al (2020)"* ® ® ® ® ®
Alper et al (2021)* @
ligen et al (2022)%¢ ®
Our study (2023) ® ® ® ® ® ® ® ® ® ®

Note: The colored parameters are a part that has been reported to be significant in common in several previous studies.

Abbreviations: WBC, white blood cell; ANC, absolute neutrophil count; Hb, hemoglobin; MCV, mean corpuscular volume; RDWY, red cell distribution width; MPV, mean platelet
volume; PDVY, platelet distribution width; NLR, neutrophil-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PMR, platelet-to- monocyte ratio; PLR, platelet-to-lymphocyte
ratio; Sll, systemic immune-inflammatory index.

Several studies have evaluated the potential use of CA125 as a diagnostic biomarker for EC.>*~° Knific et al reported
that serum CA 125 levels were significantly higher in patients with EC than in the benign group; median CA125 levels were
19.58 U/mL (range, 5.46-880.10) and 13.07 U/mL (range, 6.70-35.82), respectively.?’ Similarly, in our study, median
CA125 levels were 19.45 U/mL (range, 5.23-290.8) and 13.65 U/mL (range, 4.53—71.40), respectively. In contrast, Abdalla
et al reported that this marker alone did not reliably differentiate between malignant and benign endometrial pathologies.*'
Others evaluated the diagnostic value of CA125 alone or in combination with other tumor markers, and combinations
including CA 125 and other serum markers showed better diagnostic discriminatory potential than serum CA 125 alone.*”*°
Optimal diagnostic performance was reported for a model including BMI and serum CA125 and HE4 levels,” and
a combination of CA125 and multiplication of neutrophils and monocytes (MNM) had significantly higher diagnostic
efficacy than CA125.%°

Furthermore, in line with previous reports,'® we found that the WBC counts were significantly higher in the EC group than
in the benign group. Neutrophils are the most predominant leukocyte subset and are involved in the activation, regulation, and
effector functions of immune cells,** and in the presence of systemic inflammation, increases in neutrophil numbers have been
related to the presence of malignancies, although the mechanism remains unclear.*® Neutrophils may release several mediators
and related chemokines that promote tumor development and progression. In the present study, the median neutrophil count in
the EC group was higher than that in the benign group, which is consistent with previous studies.'' However, the median
lymphocyte and platelet counts were similar in the two study groups. Unlike neutrophils, lymphocytes are involved in the
regulation of tumor immunity; thus, lymphopenia indicates a diminished antitumor immune ability. Studies on lymphocyte
counts in EC patients are limited. Nonetheless, reports indicate that relative lymphopenia secondary to an increased neutrophil
count occurs in response to systemic inflammation. However, studies have also reported that lymphocyte count is associated or
not associated with the prognosis of EC.***° In our study, median lymphocyte counts were not significantly different between
the two groups.

Furthermore, studies have reported that an elevated preoperative NLR (an index of systemic inflammation) significantly

18,21,23-2
C,& ,23-25

predicts the presence of E and a meta-analysis showed that NLR values were significantly higher in patients with

EC than in controls. However, the NLR cannot be used alone to diagnose malignant lesions in postmenopausal women
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because of its low diagnostic accuracy.”® However, other researchers failed to find any meaningful difference between NLR
values in benign and malignant endometrial groups.'>**~® In the present study, the NLR was higher in the EC group than in
the benign group (p=0.016), which is in line with prior studies. Bacanakgil et al reported that an NLR of > 4 significantly
differentiated endometrial pathologies before intervention in patients with abnormal uterine bleeding.?* Ural et al reported that
the NLR was significantly higher in EC patients than in controls.>' However, the cut-off values reported by these investigators
were higher than those determined in our study (Table 3). Furthermore, we previously reported that LMR predicts the presence
of EOC,"? and in this study, a high LMR (> 6.85) was also associated with the presence of EC.

Inflammatory cells in the tumor microenvironment release cytokines, and excessive production of these cytokines
stimulates the release of young and large platelets from the bone marrow to the peripheral blood and changes
hematological parameters.”” Platelets are thought to be associated with the immune system and tumor development,
and an elevated platelet count is an inflammatory marker associated with the response to cancer.’’ However, no
significant intergroup difference was observed in the present study, which is consistent with previous studies.'®*
MPV and PDW are considered to reflect platelet activation. MPV is the main indicator of platelet activation and plays
an important role in cancer progression.’® Furthermore, a systematic review and meta-analysis found that MPV is
significantly higher in individuals with various malignancies than in healthy individuals,*® and others have shown that
MPV values are higher in EC than in benign cases.'>'*?*> Zhang et al reported that an increase in MPV may be related to
cancer occurrence and progression in EC,'> and Abide et al found MPV was significantly higher in EC patients than in
healthy controls and that an AUC for MPV of 58.7% for the presence of EC.?* In contrast, Vural et al recently reported
that geriatric (> 65 years old) and nongeriatric EC patients had significantly lower MPV values than healthy controls."'
Similarly, in our study, MPV was significantly lower in EC patients than in the benign group (Table 2). Studies on PDW
in EC are limited. Cytokines released from cancer cells lead to increased thrombopoiesis and changes in platelet size,
which are expected to increase the PDW values. One study reported that PDW was significantly higher in patients with
EC than in controls,'® but recent studies have reported lower PDW values in patients with EC than in controls,'>'°
which concurs with our observations. Further investigations are required to resolve this issue.

The SII (systemic immune-inflammatory index) is based on lymphocyte, neutrophil, and platelet counts and has been
reported to be a better index of systemic inflammation.*' In a previous study on the predictive value of preoperative SII
in EC, an elevated SII was found to be significantly associated with prognostic factors, including age, menopause, FIGO
stage, and lymph node metastasis.*' In another study, SII better-predicted prognosis than NLR or PLR in EC.** The
combined status of neutrophils, platelets, and lymphocytes may comprehensively unveil associations between cancer
cells and systematic inflammatory environments.*> However, the ability of this strategy to predict the presence of EC
remains unclear. In the present study, the SII was higher in patients with EC than in the benign group (Table 2), indicating
that an elevated SII reflects elevated neutrophil or platelet counts. In addition, univariate and multivariate logistic
regression analyses showed that the SII was significantly associated with the presence of EC (Table 3). However, this
finding has not been reported previously.

Recently, studies on combinations of markers, rather than single markers, have reported improved diagnostic
efficiencies.’>?° In our study, the AUC of several significant single markers ranged from 0.596 to 0.684 (Table 4).
A diagnostic model based on several hematologic markers differentiated between EC and benign endometrial lesions more
accurately. ROC analysis was used to analyze the diagnostic values of MPV, PDW, NLR, and their combinations (Figure 1).
The AUC values of MPV, PDW, and NLR were 0.659 (0.579-0.740), 0.606 (0.522-0.690), and 0.605 (0.522-0.689),
respectively, and that of the combination for the diagnosis of EC was 0.797 (Table 4). Model 1 was made using
a combination of factors that have been studied and are commonly known to be significant in previous studies (Table 5).
Similar findings have not reported previously.

We previously reported on the usefulness of preoperative hematological parameters as diagnostic markers of the
presence of gynecological cancers such as EOC and uterine leiomyosarcoma.'*!'? In these studies, the inflammatory
markers LMR, NLR, and PLR were found to predict the presence of EOC. Furthermore, we suggest that inflammatory
markers in elderly or postmenopausal patients should be considered independent biomarkers of uterine leiomyosarcoma

and leiomyoma differentiation.
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Recent evidence shows that non-coding RNAs (ncRNAs) play a fundamental role in various biological processes
associated with the pathogenesis, risk stratification, prognosis prediction, and therapeutic strategy of EC patients.** ¢
Recent studies have reported the use of circulating micro RNAs as diagnostic biomarkers in EC. It has been reported that
hundreds of ncRNAs are potentially deregulated in EC and ncRNAs can be detected in the blood circulation; therefore,
circulating ncRNAs can be fast, accurate, and minimally invasive diagnostic tools.***” Circulating micro RNAs of EC patients
as diagnostic, prognostic and therapeutic markers could be potentially applicable for personalized medicine in the future.**

One strength of the current study is that it focused on postmenopausal women with endometrial masses, and the
differentiation of endometrial cancer from benign endometrial masses in postmenopausal women is an important clinical
issue that has not been addressed previously. However, this study had several limitations. First, the single-center, retrospective
design of the present study is the main limitation. Second, the serum markers examined were nonspecific with respect to
inflammation, and the laboratory results may have been affected by other clinically covert systemic inflammatory conditions,
although known inflammatory diseases were excluded. Third, the sample sizes were too small to resolve differences between
reported cut-off values of serum markers for the presence of EC, because cut-off values of markers vary in different studies.
Further larger-scale multicenter investigations are required.

In conclusion, we compared the hematological parameters of postmenopausal women with malignant or benign endo-
metrial lesions. Our findings showed that a combination model based on preoperative serum MPV, PDW, and NLR and patient
clinical characteristics had satisfactory diagnostic accuracy for the differentiation of EC and benign endometrial lesions.
Transvaginal ultrasonography has a high overall accuracy rate and excellent pathologic correlation. Our findings do not mean
that hematological markers are superior to conventional ultrasonography and MRI, or that they can replace them. Our question
is whether this easy and inexpensive means of predicting the presence of EC in postmenopausal patients can be an ancillary
method to traditional methods. Although this topic needs further investigation, the use of these hematological markers would
provide a straightforward and inexpensive means of predicting the presence of EC in postmenopausal patients with an
endometrial mass. Clinically, this study would be useful during discussions of management options with patients and for
selecting patients for hysteroscopic resection of endometrial polyps. Further prospective studies are necessary to identify
a reliable combination of diagnostic hematological markers for patients with EC and validate the clinical application of our
findings. We propose a multicenter, prospective study with a larger sample size, strict inclusion and exclusion criteria, and
homogenous control group to draw firm conclusions.

Acknowledgments
This work was supported by Department of Biostatistics, Biomedical Research Institute, Pusan National University
Hospital.

Funding

This work was supported by Pusan National University Research Grant, 2020.

Disclosure
The authors declare that they have no competing interests in this work.

References

. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer J Clin. 2021;71(1):7-33. doi:10.3322/caac.21654
2. Hong S, Won YJ, Lee JJ, et al. Cancer statistics in Korea: incidence, mortality, survival, and prevalence in 2018. Cancer Res Treat. 2021;53
(2):301-315. doi:10.4143/crt.2021.291
3. Ha HI, Chang HK, Park SJ, Lim JW, Won YJ, Lim MC. The incidence and survival of cervical, ovarian, and endometrial cancer in Korea, 1999—
2017: Korea Central Cancer Registry. Obstet Gynecol Sci. 2021;64(5):444-453. doi:10.5468/0gs.21116
4. Dreisler E, Sorensen SS, Ibsen PH, Lose G. Prevalence of endometrial polyps and abnormal uterine bleeding in a Danish population aged 20-74
years. Ultrasound Obstet Gynecol. 2009;33(1):102—108. doi:10.1002/u0g.6259
. Uglietti A, Buggio L, Farella M, et al. The risk of malignancy in uterine polyps: a systematic review and meta-analysis. Eur J Obstet Gynecol
Reprod Biol. 2019;237:48-56. doi:10.1016/j.ejogrb.2019.04.009
6. Bel S, Billard C, Godet J, et al. Risk of malignancy on suspicion of polyps in menopausal women. Eur J Obstet Gynecol Reprod Biol.
2017;216:138-142. doi:10.1016/j.¢jogrb.2017.07.013

—

W

Cancer Management and Research 2023:15 heeps: 119

Dove:


https://doi.org/10.3322/caac.21654
https://doi.org/10.4143/crt.2021.291
https://doi.org/10.5468/ogs.21116
https://doi.org/10.1002/uog.6259
https://doi.org/10.1016/j.ejogrb.2019.04.009
https://doi.org/10.1016/j.ejogrb.2017.07.013
https://www.dovepress.com
https://www.dovepress.com

Song et al Dove

7.

8.

20.

Xia Z, Jin H, Teekaraman Y. Diagnostic value of ultrasonography combined with hysteroscopy in intrauterine space-occupying abnormalities.
Contrast Media Mol Imaging. 2022;2022:6192311. doi:10.1155/2022/6192311

Moharamzad Y, Davarpanah AH, Yaghobi Joybari A, et al. Diagnostic performance of apparent diffusion coefficient (ADC) for differentiating endometrial
carcinoma from benign lesions: a systematic review and meta-analysis. Abdom Radiol. 2021;46(3):1115-1128. doi:10.1007/s00261-020-02734-w

. Kierans AS, Bennett GL, Haghighi M, Rosenkrantz AB. Utility of conventional and diffusion-weighted MRI features in distinguishing benign from

malignant endometrial lesions. Eur J Radiol. 2014;83(4):726-732. doi:10.1016/j.ejrad.2013.11.030

. Wong M, Thanatsis N, Nardelli F, Amin T, Jurkovic D. Risk of pre-malignancy or malignancy in postmenopausal endometrial polyps: a CHAID

decision tree analysis. Diagnostics. 2021;11(6):1094. doi:10.3390/diagnostics11061094

. Vural F, Coskun ADE, Citak G, Vural B, Kose G. The comparison of inflammatory markers in geriatric and nongeriatric endometrial cancers.

Cancer Biomark. 2022;34(4):583-590. doi:10.3233/CBM-210215

. Suh DS, Song YJ, Roh HJ, et al. Preoperative blood inflammatory markers for the differentiation of uterine leiomyosarcoma from leiomyoma.

Cancer Manag Res. 2021;13:5001-5011. doi:10.2147/CMAR.S314219

. Eo WK, Kim KH, Park EJ, et al. Diagnostic accuracy of inflammatory markers for distinguishing malignant and benign ovarian masses. J Cancer.

2018;9(7):1165. doi:10.7150/jca.23606

. Wu Q, Bai SN, Song LY, Wu WE, Han LN. Diagnostic value of serum human epididymis protein 4, carbohydrate antigen 125 and their combination

in endometrial cancer: a meta-analysis. Medicine. 2023;102(33):e34737. doi:10.1097/MD.0000000000034737

. Zhang H, Liang K, Ke L, Tang S. Clinical application of red cell distribution width, mean platelet volume, and cancer antigen 125 detection in

endometrial cancer. Clin Lab Anal. 2020;34(8):¢23309. doi:10.1002/jcla.23309

. Sadro CT. Imaging the endometrium: a pictorial essay. Can Assoc Radiol J. 2016;67(3):254-262. doi:10.1016/j.carj.2015.09.012
. Kurtoglu E, Kokcu A, Celik H, Sari S, Tosun M. Platelet indices may be useful in discrimination of benign and malign endometrial lesions, and

early and advanced stage endometrial cancer. Asian Pac J Cancer Prev. 2015;16(13):5397-5400. doi:10.7314/APJCP.2015.16.13.5397

. Acmaz G, Aksoy H, Unal D, et al. Are neutrophil/ lymphocyte and platelet/lymphocyte ratios associated with endometrial precancerous and

cancerous lesions in patients with abnormal uterine bleeding. Asian Pac J Cancer Prev. 2014;15(4):1689-1692. doi:10.7314/APJCP.2014.15.4.1689

. Karateke KM, Baloglu A, Baloglu A. Relations of platelet indices with endometrial hyperplasia and endometrial cancer. Asian Pac J Cancer Prev.

2015;16(12):4905-4908. doi:10.7314/APJCP.2015.16.12.4905
Kemal Y, Demirag G, Bas B, Onem S, Teker F, Yiicel I. The value of red blood cell distribution width in endometrial cancer. Clin Chem Lab Med.
2015;53(5):823-827. doi:10.1515/cclm-2014-0699

21. Ural UM, Sehitoglu I, Tekin YB, Sahin FK. Neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios in patients with endometrial hyperplasia
and endometrial cancer. J Obstet Gynaecol Res. 2015;41(3):445-448. doi:10.1111/jog.12536

22. Abide CY, Bostanci EE, Cogendez E, et al. Evaluation of complete blood count parameters to predict endometrial cancer. Clin Lab Anal. 2018;32
(6):€22438. doi:10.1002/jcla.22438

23. Pergialiotis V, Oikonomou M, Damaskou V, Kalantzis D, Chrelias C, Tsantes AE. Platelet to lymphocyte and neutrophil to lymphocyte ratio as
predictive indices of endometrial carcinoma: findings from a retrospective series of patients and meta-analysis. J Gynecol Obstet Hum Reprod.
2018;47(10):511-516. doi:10.1016/j.jogoh.2018.08.016

24. Bacanakgil BH, Kaban I, Unal F, Guven R, Sahin E, Yildirim SG. Predictive Value of Hematological Inflammatory Markers in Endometrial
Neoplasia. Asian Pac J Cancer Prev. 2018;19(6):1529-1532. doi:10.22034/APJCP.2018.19.6.1529

25. Alper ECD, Coskun ADE, Vural F. Comparison of nonspecific inflammatory markers in endometrial cancer and hyperplasia. Rev Assoc Med Bras.
2021;67(7):966-970. doi:10.1590/1806-9282.20210318

26. Ilgen O, Kurt S, Yuzuguldu R, Ada O, Mankan A. Platelet to lymphocyte and neutrophil to lymphocyte ratios in endometrial pathologies. Ginekol
Pol. 2023;94(4):269-274. doi:10.5603/GP.a2021.0141

27. Valiathan R, Ashman M, Asthana D. Effects of ageing on the immune system: infants to elderly. Scand J Immunol. 2016;83(4):255-266.
doi:10.1111/sji.12413

28. Kaya S, Kaya B, Keskin HL, Tetik BK, Yavuz FA. Is there any relationship between benign endometrial pathologies and metabolic status? J Obstet
Gynaecol. 2019;39(2):176-183. doi:10.1080/01443615.2018.1469606

29. Knific T, Osredkar J, Smrkolj S, et al. Novel algorithm including CA-125, HE4 and body mass index in the diagnosis of endometrial cancer.
Gynecol Oncol. 2017;147(1):126-132. doi:10.1016/j.ygyno0.2017.07.130

30. Kim BW, Jeon YE, Cho HB, et al. Pre-treatment diagnosis of endometrial cancer through a combination of CA125 and multiplication of neutrophil
and monocyte. J Obstet Gynaecol Res. 2012;38(1):48-56. doi:10.1111/1.1447-0756.2011.01694.x

31. Abdalla N, Pazura M, Stomka A, Piérkowski R, Sawicki W, Cendrowski K. The role of HE4 and CA125 in differentiation between malignant and
non-malignant endometrial pathologies. Ginekol Pol. 2016;87(12):781-786. doi:10.5603/GP.2016.0088

32. Moses K, Brandau S. Human neutrophils: their role in cancer and relation to myeloid-derived suppressor cells. Semin Immunol. 2016;28
(2):187-196. doi:10.1016/j.smim.2016.03.018

33. Donskov F. Immunomonitoring and prognostic relevance of neutrophils in clinical trials. Semin Cancer Biol. 2013;23(3):200-207. doi:10.1016/].
semcancer.2013.02.001

34. Burgess B, Levine B, Taylor R, Kelly M. Preoperative circulating lymphocyte and monocyte counts correlate with patient outcomes in type I and
type II endometrial cancer. Reprod Sci. 2020;27(1):194-203. doi:10.1007/s43032-019-00009-4

35. Aoyama T, Takano M, Miyamoto M, et al. Pretreatment neutrophil-to-lymphocyte ratio was a predictor of lymph node metastasis in endometrial
cancer patients. Oncology. 2019;96(5):259-267. doi:10.1159/000497184

36. Yilmaz E, Coskun EI, Sahin N, et al. The significance of MPV and N/L value in diagnosis of endometrial cancer. Turk J Gynecol Oncol.
2016;19:33-36.

37. Voutsadakis IA. Thrombocytosis as a prognostic marker in gastrointestinal cancers. World J Gastrointest Oncol. 2014;6(2):34-40. doi:10.4251/
Wwjgo.v6.i2.34

38. Sun H, Yin CQ, Liu Q, Wang F, Yuan CH. Clinical significance of routine blood test-associated inflammatory index in breast cancer patients. Med
Sci Monitor. 2017;23:5090-5095. doi:10.12659/MSM.906709

39. Pyo JS, Sohn JH, Kang G. Diagnostic and prognostic roles of the mean platelet volume in malignant tumors: a systematic review and meta-analysis.
Platelets. 2016;27(8):722—728. doi:10.3109/09537104.2016.1169265

1120 https: Cancer Management and Research 2023:15

Dove!


https://doi.org/10.1155/2022/6192311
https://doi.org/10.1007/s00261-020-02734-w
https://doi.org/10.1016/j.ejrad.2013.11.030
https://doi.org/10.3390/diagnostics11061094
https://doi.org/10.3233/CBM-210215
https://doi.org/10.2147/CMAR.S314219
https://doi.org/10.7150/jca.23606
https://doi.org/10.1097/MD.0000000000034737
https://doi.org/10.1002/jcla.23309
https://doi.org/10.1016/j.carj.2015.09.012
https://doi.org/10.7314/APJCP.2015.16.13.5397
https://doi.org/10.7314/APJCP.2014.15.4.1689
https://doi.org/10.7314/APJCP.2015.16.12.4905
https://doi.org/10.1515/cclm-2014-0699
https://doi.org/10.1111/jog.12536
https://doi.org/10.1002/jcla.22438
https://doi.org/10.1016/j.jogoh.2018.08.016
https://doi.org/10.22034/APJCP.2018.19.6.1529
https://doi.org/10.1590/1806-9282.20210318
https://doi.org/10.5603/GP.a2021.0141
https://doi.org/10.1111/sji.12413
https://doi.org/10.1080/01443615.2018.1469606
https://doi.org/10.1016/j.ygyno.2017.07.130
https://doi.org/10.1111/j.1447-0756.2011.01694.x
https://doi.org/10.5603/GP.2016.0088
https://doi.org/10.1016/j.smim.2016.03.018
https://doi.org/10.1016/j.semcancer.2013.02.001
https://doi.org/10.1016/j.semcancer.2013.02.001
https://doi.org/10.1007/s43032-019-00009-4
https://doi.org/10.1159/000497184
https://doi.org/10.4251/wjgo.v6.i2.34
https://doi.org/10.4251/wjgo.v6.i2.34
https://doi.org/10.12659/MSM.906709
https://doi.org/10.3109/09537104.2016.1169265
https://www.dovepress.com
https://www.dovepress.com

Dove Song et al

40.

41.

42

43.

44,

45.

46.

47.

Song J, Lai X, Zhang Y, Zheng X, Su J. Preoperative platelet morphology parameters as prognostic predictors for endometrial malignant carcinoma
stage and progesterone receptor. Medicine. 2019;98(47):¢17818. doi:10.1097/MD.0000000000017818

Lei H, Xu S, Mao X, et al. Systemic immune-inflammatory index as a predictor of lymph node metastasis in endometrial cancer. J Inflamm Res.
2021;14:7131-7142. doi:10.2147/JIR.S345790

. Matsubara S, Mabuchi S, Takeda Y, Kawahara N, Kobayashl H, Robinson J. Prognostic value of pre-treatment systemic immune-inflammation

index in patients with endometrial cancer. PLoS One. 2021;16(5):¢0248871. doi:10.1371/journal.pone.0248871

Huang Y, Chen Y, Zhu Y, et al. Postoperative Systemic Immune-Inflammation Index (SII): a superior prognostic factor of endometrial cancer. Front
Surg. 2021;8:704235. doi:10.3389/fsurg.2021.704235

Cavaliere AF, Perelli F, Zaami S, et al. Towards personalized medicine: non-coding RNAs and endometrial cancer. Healthcare. 2021;9(8):965.
doi:10.3390/healthcare9080965

Niderla-Bielinska J, Jankowska-Steifer E, Wtodarski P. Non-coding RNAs and human diseases: current status and future perspectives. Int J Mol
Sci. 2023;24(14):11679. doi:10.3390/ijms241411679

Piergentili R, Basile G, Nocella C, et al. Using ncRNAs as tools in cancer diagnosis and treatment-the way towards personalized medicine to
improve patients’ health. Int J Mol Sci. 2022;23(16):9353. doi:10.3390/ijms23169353

Piergentili R, Gullo G, Basile G, et al. Circulating miRNAs as a tool for early diagnosis of endometrial cancer-implications for the fertility-sparing
process: clinical, biological, and legal aspects. Int J Mol Sci. 2023;24(14):11356. doi:10.3390/ijms241411356

Cancer Management and Research Dove

Publish your work in this journal

Cancer Management and Research is an international, peer-reviewed open access journal focusing on cancer research and the optimal use
of preventative and integrated treatment interventions to achieve improved outcomes, enhanced survival and quality of life for the cancer
patient. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to
use. Visit http:/www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/cancer-management-and-research-journal

Cancer Management and Research 2023:15 “ i in u Dove 1121


https://doi.org/10.1097/MD.0000000000017818
https://doi.org/10.2147/JIR.S345790
https://doi.org/10.1371/journal.pone.0248871
https://doi.org/10.3389/fsurg.2021.704235
https://doi.org/10.3390/healthcare9080965
https://doi.org/10.3390/ijms241411679
https://doi.org/10.3390/ijms23169353
https://doi.org/10.3390/ijms241411356
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Subjects
	Data Extraction
	Statistical Analysis

	Results
	Patient Characteristics
	Laboratory Values Between Endometrial Cancer and Benign Lesions
	Predictive Efficacy of Laboratory Data

	Discussion
	Acknowledgments
	Funding
	Disclosure

