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Abstract

Objective: To compare the diagnostic value of the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), C-reactive protein
(CRP) level, and cancer antigen 125 (CA125) level for ovarian cancer (OC).

Methods: Data of 72 patients with OC, 50 patients with benign ovarian disease, and 46 healthy
controls were retrospectively analyzed, and receiver operating characteristic analysis was
performed.

Results: The platelet count was higher in patients with a tumor diameter of >10 vs. <10 cm. The
absolute lymphocyte count was significantly higher in patients with stage I/l OC than in those
with multiple and stage IlIl/IV OC. The absolute monocyte count, NLR, MLR, and CAI25 were
significantly higher in patients with multiple and stage Ill/IV OC than in those with single and stage
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I/l OC. The NLR, PLR, MLR, fibrinogen, D-dimer, CRP, and CA125 were useful for distinguishing

between the OC and healthy control groups.

Conclusions: Our analysis showed that the following combinations have practical diagnostic
value in OC: NLR 4 PLR +MLR 4+ CAI125, NLR +PLR +MLR + CA125 4 CRP, NLR +MLR +
PLR + CA125 + CRP +fibrinogen, and NLR + MLR + PLR + CA125 + CRP +- fibrinogen + D-dimer.

Keywords

Ovarian cancer, neutrophil-to-lymphocyte ratio, monocyte-to-lymphocyte ratio, platelet-
to-lymphocyte ratio, fibrinogen, D-dimer, C-reactive protein, cancer antigen 125

Date received: |7 May 2023; accepted: 14 November 2023

Introduction

Ovarian cancer (OC) is associated with the
highest mortality rate among all female
reproductive  malignancies  worldwide.
Approximately 314,000 new cases of OC
and 207,000 OC-related deaths occur each
year globally.! The incidence of OC is the
third highest among all female reproductive
system tumors in China, and the mortality
rate is highest among all gynecological
malignancies.” The initial manifestations
of OC are not obvious, and patients are
often diagnosed at an advanced stage
because of their small ovarian size. The
5-year survival rate of OC is <47%.°
making it one of the most challenging con-
ditions for many gynecological oncologists
to manage. Nevertheless, the 5-year survival
rate of stage I OC can reach 90%.* Therefore,
the survival rate will increase if OC can be
detected early, allowing patients to receive
standardized treatment. Finding effective bio-
logical indicators for the early identification
of OC has become a research hotspot.’

In recent years, research has emphasized
the importance of cancer-related inflammation
in tumor development and progression.®
Several systemic inflammatory response indi-
cators, including the neutrophil-to-lymphocyte
ratio (NLR), monocyte-to-lymphocyte ratio
(MLR), and platelet-to-lymphocyte ratio

(PLR), have been confirmed to be new inflam-
matory markers for the diagnosis and progno-
sis of breast cancer, lung cancer, and other
tumors.” '°

This study was performed to examine the
variations in the NLR, MLR, and PLR in
association with several clinicopathological
characteristics in patients with OC, patients
with benign ovarian disease (BOD), and
healthy controls (HCs). We further explored
the clinical value of the NLR, MLR, PLR,
fibrinogen (FIB) level, D-dimer (D-D) level,
C-reactive protein (CRP) level, and cancer
antigen 125 (CA125) level to provide a ref-
erence for auxiliary diagnosis and treatment
monitoring of OC.

Methods and methods

Participants

We retrospectively analyzed clinical data
obtained from patients with OC who under-
went surgical resection in the Department
of Obstetrics and Gynecology, Zhejiang
Cancer Hospital, Hangzhou Institute of
Medicine, Chinese Academy of Sciences
from October 2021 to March 2022. For
comparison, we also analyzed the clinical
data of patients with BOD and HCs.

The clinical stage of OC was determined
according to the criteria established by the
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International Federation of Gynecology
and Obstetrics. The diagnosis of OC was
confirmed by ultrasound scanning, includ-
ing color ultrasound blood flow with a
mobility index of <1, along with examina-
tion by computed tomography or magnetic
resonance angiography. The inclusion crite-
ria for patients with OC were (1) patholog-
ical confirmation of OC; (2) no coexisting
cancers or prior cancers within the previous
5 years; (3) no preoperative treatments,
such as radiotherapy or neoadjuvant che-
motherapy; (4) complete clinical, laborato-
ry, imaging, and follow-up data; (5) no
autoimmune disease or treatment with ste-
roids; (6) no evidence of sepsis; and (7) no
hematological disorders or treatment that
could result in an elevated MLR or NLR
(e.g., administration of hematopoietic agents
such as granulocyte colony-stimulating
factor) within 1 month before surgery.
Routine blood tests and coagulation tests
were performed the day before surgery.

The exclusion criteria for patients with
OC were (1) immunologic disease or other
serious physical illness (e.g., heart disease,
diabetes, thyroid disease, or other endo-
crine disorders); (2) infection, fever, or use
of anti-inflammatory drugs, antibiotics,
immunological preparations, or other med-
ications that may affect test results in the
4 weeks prior to enrollment; (3) pregnancy,
lactation, or pre-menopausal status; and
(4) treatment by surgical procedures, espe-
cially gynecological procedures, within the
previous year.

The patients with OC (n=72) ranged in
age from 38 to 73 years (average age, 56.07
years). The patients with BOD (n=50)
ranged in age from 14 to 71 years (average
age, 43.24 years). The HCs (n =46) ranged
in age from 39 to 68 years (average age,
51.89 years). The participants’ clinical char-
acteristics are shown in Table 1. The MLR,
NLR, and PLR were defined as the ratio of
the absolute monocyte count (AMC) and

absolute lymphocyte count (ALC), absolute
neutrophil count (ANC) and ALC, and
platelet (PLT) count and ALC, respectively,
in peripheral blood.

Sample collection and measurement

Blood samples (2 mL) were collected in
anticoagulant blood collection tubes con-
taining ethylenediaminetetraacetic  acid
(Zhejiang Gongdong Medical Device Co.,
Ltd., Taizhou, China). Complete blood
count parameters, including the white
blood cell (WBC), ANC, ALC, AMC, and
PLT count as well as the PLT distribution
width (PDW) and red cell distribution width
(RDW), were detected using a Mindray
BC-7500 CRP auto hematology analyzer
(Mindray, Shenzhen, China). The FIB and
D-D levels were measured using a Sysmex
CS-5100 coagulation analyzer (Sysmex,
Kobe, Japan). The CRP level was measured
up to 1 day before the operation using a
Mindray BC-7500 CRP auto hematology
analyzer. The NLR, MLR, and PLR were
calculated. CRP was measured together with
the routine blood parameters, and CA-125
was measured with a chemiluminescent
immunoassay analyzer (Architect 12000,
Abbott Laboratories, Chicago, IL, USA).

Statistical analysis

SPSS Version 23.0 (IBM Corp., Armonk,
NY, USA) was used for data analysis.
A receiver operating characteristics (ROC)
curve was plotted using GraphPad Prism
6.0 (GraphPad Software, La Jolla, CA,
USA). The chi-square test was used to com-
pare proportions in different groups. The
Kolmogorov—Smirnov test was used to ana-
lyze data with a non-normal distribution.
Data are expressed as median (interquartile
range). The Kruskal-Wallis H test was used
to compare differences among three
groups, and Dunn’s nonparametric
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Table I. Characteristics of study population.

Total oC BOD HCs

Characteristics (n=168) (n=72) (n=50) (n=46) 7 b
Age, years (range) 38-73 14-71 39-68
Average age, years (56.07) (43.24) (51.89)

Age of <60 years 131 (78.0%) 49 (68.1%) 44 (88.0%) 38 (82.6%) 7.626 0.022

Age of >60 years 37 (22.0%) 23 (31.9%) 6 (12.0%) 8 (17.4%)
Pathological type

Serous / 50 (69.4%) / /

Mucinous / 12 (16.7%) / /

Endometrioid / 5 (6.9%) / /

Clear cell / 5 (6.9%) / /
Tumor size, cm

>10 / 21 (29.2%) / /

<10 / 51 (70.8%) / /
Number of tumors

Single / 30 (41.7%) / /

Multiple / 42 (58.3%) / /
TNM stage

I / 22 (30.5%) / /

I / 9 (12.5%) / /

I / 12 (16.7%) / /

\% / 29 (40.3%) / /
Vascular infiltration

Yes / 34 (47.2%) / /

No / 38 (52.8%) / /

OC, ovarian cancer; BOD, benign ovarian disease; HCs, healthy controls.

Statistical methods: chi-square test, Pearson’s chi-square test.

multiple-comparison test was used for com-
parisons between two groups. The ROC
curve was applied to analyze the diagnostic
efficiency. A p value of <0.05 was consid-
ered statistically significant.

Ethics approval and consent

This study was approved by the Ethics
Committee  of  Taizhou  Municipal
Hospital, Zhejiang, China (LWYJ2023171)
and Zhejiang Cancer Hospital (1RB-2019-
13), and written informed consent was
obtained from each of the participants in
accordance with the Declaration of
Helsinki. Written informed consent was
obtained from the patients in order to use
their data for academic purposes.

Results

Comparison of NLR, MLR, PLR, FIB, D-D,
CRP, CA 125, and other laboratory-related
parameters among the three groups

There were significant differences in the
ANC, ALC, NLR, PLR, MLR, FIB, D-D,
CRP, and CA125 among the patients with
OC, patients with BOD, and HCs
(»<0.001). The NLR, PLR, MLR, CRP,
FIB, and CA125 were significantly higher
in the OC group than in the BOD and
HC groups (p<0.05). The WBC count,
ANC, and ALC were considerably higher
in the OC group than in the HC group
(»<0.05). The WBC count, ANC, ALC,
NLR, and CAI25 were significantly
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higher in the BOD group than in the HC
group (p <0.05) (Figure 1, Table 2).

Comparison of NLR, MLR, PLR, and other
laboratory-related parameters in associa-
tion with different clinical characteristics

of patients with OC

The WBC count, ANC, ALC, AMC,
RDW, PDW, NLR, PLR, MLR, FIB
level, and CRP level were not significantly
associated with age, pathological type, or
tumor size in patients with OC. The PLT
count was higher in patients with a tumor
diameter of >10 than <10cm (p=0.037).
Stage I/II OCs were associated with a
higher ALC than multiple and stage III/
IV OCs (p<0.05). The AMC, NLR,
MLR, and CA125 were higher in patients
with multiple and stage III/TV OCs than in
patients with single and stage I/II OCs
(» <0.05) (Table 3).

Logistic regression analysis of NLR, MLR,
PLR, CRP, FIB, and D-D in diagnosing OC

The ROC curves of the NLR, MLR, and
PLR were used to examine the correspond-
ing areas under the curve (AUCs), and the
differences were statistically significant
(p<0.01). The optimal cut-off value for
the NLR was 2.435, with 71% sensitivity,
75% specificity, and an AUC of 0.765. The
optimal cut-off value for the MLR was
0.235, with 79% sensitivity, 58% specificity,
and an AUC of 0.716. The optimal cut-off
value for the PLR was 164.41, with 82%
sensitivity, 65% specificity, and an AUC
of 0.719. The optimal cut-off value for the
FIB level was 3.06, with 68% sensitivity,
78% specificity, and an AUC of 0.758.
The optimal cut-off value for the D-D
level was 0.565, with 90% sensitivity, 81%
specificity, and an AUC of 0.881. The opti-
mal cut-off value for the CRP level was
2.485, with 78% sensitivity, 67% specificity,
and an AUC of 0.755. The optimal cut-off

value for the CA125 level was 31.94, with
84% sensitivity, 96% specificity, and an
AUC of 0.936. Combining the NLR,
PLR, and MLR yielded a sensitivity of
69%, specificity of 78%, and AUC of
0.764. Combining the NLR, PLR, MLR,
and CRP yielded a sensitivity of 78%, spe-
cificity of 73%, and AUC of 0.786.
Combining the NLR, PLR, MLR, and
CA125 yielded a sensitivity of 86%, specif-
icity of 88%, and AUC of 0.922.
Combining the NLR, PLR, MLR, CA125,
and CRP yielded a sensitivity of 85%, spe-
cificity of 89%, and AUC of 0.924.
Combining the NLR, PLR, MLR, FIB,
CAI125, and CRP yielded a sensitivity of
92%, specificity of 77%, and AUC of
0.905. Combining the NLR, PLR, MLR,
FIB, D-D, CA125, and CRP yielded a sen-
sitivity of 85%, specificity of 92%, and
AUC of 0.925 (Figure 2, Figure 3, and
Table 4).

Comparison of NLR, MLR, PLR, FIB, and
D-D with other laboratory-related
parameters between OC and HC groups

The ANC, NLR, MLR, PLR, FIB, D-D,
CRP, and CA125 displayed significant dif-
ferences between the patients with OC and
the HCs (p <0.05 or p<0.01). The WBC
count, AMC, ALC, PDW, RDW, and
PLT count showed no significant differen-
ces between the two groups (Figure 4).

Correlation analysis of NLR, PLR, and
MLR with CRP and CAI25 in OC group

Pearson’s correlation analysis showed
that the NLR was positively correlated
with the PLR (r=0.654, p<0.01) and
MLR (r=0.768, p<0.01) in the OC
group. Correlations were also found
between the PLR and MLR (r=0.619,
p<0.01), NLR and CRP (r=0.491,
p<0.01), NLR and CA125 (r=0.546,
p<0.001), PLR and CRP (r=0.337,
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Figure |. Scatter plots of WBC count, ANC, ALC, AMC, RDW, PLT count, PDW, NLR, PLR, MLR, FIB
level, D-D level, CAI125 level, and CRP level in patients with ovarian cancer, patients with benign ovarian
disease, and healthy controls. WBC, white blood cell; ANC, absolute neutrophil count; ALC, absolute
lymphocyte count; AMC, absolute monocyte count; RDW, red cell distribution width; PLT, platelet; PDWYV,
platelet distribution width; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR,
monocyte-to-lymphocyte ratio; FIB, fibrinogen; D-D, D-dimer; CA125, cancer antigen |125; CRP, C-reactive
protein.

p<0.01), PLR and CAI125 (r=0.498, between FIB and PDW (r=-0.333,
p<0.001), MLR and CRP (r=0.405, p<0.001), FIB and PLT (r=0.389,
2<0.01), and MLR and CA125 (r=0.506, p<0.001), and D-D and PLT (r=0.263,
p<0.001) (Figure 5, Table 5) as well as  p<0.05) (Figure 5, Table 6).
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Table 2. Levels of different markers among the three groups.

Markers ocC BOD
(Reference range) (n=72) (n=50)

HCs
(n=46) H p

WBC count, x 10°L  6.60 (5.60, 7.98)** 6.85 (5.50, 8.10)** 5.45 (4.80, 6.85) 10423 0.005
(3.5-9.5)

ANC, x 10°/L 4.70 (3.90, 5.80)** 4.65 (3.53, 5.80)* 322 (2.60, 3.87) 20585  <0.001
(40-75)

ALC, x10°L 1.50 (1.13, 1.78)%* 1.70 (1.40, 2.50)%* 1.97 (1.70, 2.21) 29.641  <0.001
(20-50)

AMC, x 10°/L 0.35 (0.30, 0.48) 0.40 (0.30, 0.40) 030 (0.25, 0.35) 0668 0716
(3-10)

RDW, % 12.60 (12.30, 13.18) 12.85 (12.40, 13.30) 12.60 (12.30, 12.95) 2703 0259
(11.5-14.8)

PLT count, x [0°/L 267 (212.25,3365) 2525 (2255, 321.25)  272.25 (243, 308) 2994 0224
(125-350)

PDW, % 16.0 (158, 16.2) 16.15 (16.00, 16.33) 16.05 (15.80, 16.30) 2847 024l
(9.8-18.1)

NLR 3.16 (2.31, 4.80)%* 2.35 (1.85, 3.05) 1.69 (1.41, 2.04) 46.174 <0.001
-)

MLR 0.25 (0.18, 0.33) 0.19 (0.14, 0.28) 0.17 (0.13, 0.19) 24323 <0.00l
=)

PLR 188.06 (126.36, 135.26 (11545, 169.96) 12250 (109.92, 147.37)  23.196 <0.00!
- 254.1 [y

FIB, g/L 3.43 (3.09, 4.12)% 2.88 (2.46, 3.33) 2.75 (2.42, 3.13) 34838 <0.001
(2-4)

D-D, mg/L 1.85 (0.67, 344y 030 (0.20, 0.51) 030 (0.21, 0.41) 71.415  <0.001
(0.0-0.5)

CRP, mg/L 5.05 (1.60, 20.09y%  1.39 (0.52, 3.95) 0.85 (0.53, 1.45) 31.586 <0.001
(0.0-8.0)

CAI25, UlmL 686.42 (146.87, 19.43 (14.18, 44.155  10.65 (8.15, 12.85) 114500 <0.001
(0-35) 2280.39)**

Data are presented as median (interquartile range).

OC, ovarian cancer; BOD, benign ovarian disease; HCs, healthy controls; WBC, white blood cell; ANC, absolute neu-
trophil count; ALC, absolute lymphocyte count; AMC, absolute monocyte count; RDWY, red cell distribution width; PLT,
platelet; PDWV, platelet distribution width; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR,
monocyte-to-lymphocyte ratio; FIB, fibrinogen; D-D, D-dimer; CRP, C-reactive protein; CAI25, cancer antigen 125.
*#Comparison with BOD group, **Comparison with HC group, p < 0.05.

Statistical methods: rank sum test for multiple independent-sample comparisons, Kruskal-Wallis H test; two-by-two
comparison method: non-parametric Dunn’s multiple-comparison test.

-, ho data.

Discussion

The tumor microenvironment is an ideal
setting for the development of both primary
and secondary tumors. The occurrence and
development of a primary ovarian tumor is
closely related to the tumor microenviron-
ment. The tumor microenvironment com-
prises tumor cells, inflammatory cells, and
extracellular matrix. It is a local environ-
ment conducive to tumorigenesis and

development, potentially leading to tumor
cell proliferation, invasion, and metastasis.
Inflammatory cells include macrophages,
neutrophils, lymphocytes, and other cells.
The inflammatory response, which involvs
numerous inflammatory components, is a
complicated reaction that strives to main-
tain homeostasis of the body’s internal
environment. Studies have confirmed
that inflammation is closely related to
tumor occurrence and development.'
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Figure 2. Receiver operating characteristic plot and area under the curve for WBC count, ANC, ALC,
AMC, RDW, PLT count, PDW, NLR, PLR, MLR, FIB level, D-D level, CA125 level, and CRP level in patients
with ovarian cancer and healthy controls. WBC, white blood cell; ANC, absolute neutrophil count; ALC,
absolute lymphocyte count; AMC, absolute monocyte count; RDWY, red cell distribution width; PLT, platelet;
PDWV, platelet distribution width; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
MLR, monocyte-to-lymphocyte ratio; FIB, fibrinogen; D-D, D-dimer; CAI25, cancer antigen 125; CRP,
C-reactive protein.
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Figure 3. Receiver operating characteristic plot and area under the curve for the NLR + MLR + PLR,
NLR 4+ MLR + PLR + CRP, NLR +MLR + PLR + CA125 + CRP, NLR + MLR + PLR + CA125 + CRP + FIB,
and NLR + MLR + PLR + CA125 + CRP + FIB + D-D in patients with ovarian cancer and healthy controls.
NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; CRP, C-reactive protein; CA125, cancer antigen 125; FIB, fibrinogen; D-D, D-dimer.

The inflammatory microenvironment can
promote tumor cell proliferation, angiogen-
esis, immune escape, invasion, and migra-
tion.'*!3  Chronic inflammation has a
strong impact on tumors, which may be
due to the persistent effects of inflammato-
ry factors. These factors lead to cell prolif-
eration, inflammatory cell recruitment and
activation, and the production of large
amounts of reactive oxygen species and
proteases, resulting in oxidative damage to

DNA in normal cells and tumor occur-
rence. As a result, inflammatory factors
can be wused as markers for tumor
evaluation.

The complete blood count is frequently
utilized in clinical practice and is simple to
perform. The ANC, ALC, AMC, and PLT
count are closely related to the inflammato-
ry response and immune status of the body.
The body’s inflammatory condition can
also be sensitively reflected by the
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Table 4. Diagnostic efficacy of different markers in ovarian cancer.

Youden’s
Markers PPV NPV Sensitivity Specificity Accuracy cutoff index AUC 95% CI p
WBC (x 10°/L) 0.51 0.68 0.51 0.68 58.33% 6.150 0.191 0.583 (0.496, 0.670)  0.066
ANC (x10%/L) 0.56 0.75 0.54 0.76 63.69% 3.854 0.306 0.660 (0.578, 0.743) <0.001
ALC (x10°/L) 0.23 041 0.75 0.62 32.74% 1.705 0.365 0.713 (0.634, 0.791) <0.001
AMC (x 10°/L) 0.51 0.84 0.33 0.92 58.33% 0.298 0.250 0.593 (0.506, 0.680) <0.001
RDW (%) 045 0.71 0.16 0.92 48.21% 12.150 0.073 0.505 (0.416,0.594) 0911
PLT (x 10%/L) 0.58 0.64 0.78 0.40 61.90%  299.500 0.184 0.552 (0.459, 0.644)  0.251
PDW (fL) 0.38 0.46 0.42 0.73 40.48% 15.950 0.146 0.587 (0.500, 0.675)  0.053
NLR 0.66 0.79 0.71 0.75 72.62% 2435 0.458 0.765 (0.691, 0.839) <0.00I
MLR 0.68 0.72 0.79 0.58 70.24% 0.235 0.375 0.716 (0.636, 0.797) <0.001
PLR 0.73 0.76 0.82 0.65 75.00%  164.410 0.476 0.719 (0.635, 0.803) <0.00I
FIB (g/L) 0.50 0.89 0.68 0.78 72.00% 3.060 0.455 0.758 (0.863, 0.834) <0.00I
D-D (mg/L) 0.64 0.96 0.90 0.8l 82.00% 0.565 0.702 0.881 (0.824, 0.937) <0.001
CRP (mg/L) 0.70 0.76 0.78 0.67 73.21% 2.485 0.448 0.755 (0.679, 0.831) <0.00I
CAI125 (U/mL) 0.82 0.96 0.84 0.96 89.29% 31.940 0.802 0.936 (0.899, 0.974) <0.001
NLR +MLR +PLR 0.47 0.88 0.69 0.78 70.20% 0.611 0.475 0.764 (0.691, 0.839) <0.001
NLR +MLR + 0.44 0.89 0.78 0.73 69.60% 0.646 0.507 0.786 (0.714, 0.857) <0.00I
PLR + CRP
NLR +MLR + 0.60 0.95 0.86 0.88 79.80% 0.707 0.736 0.922 (0.882, 0.962) <0.001
PLR + CAI125
NLR +MLR+PLR+  0.60 0.95 0.85 0.89 79.80% 0.703 0.732 0.924 (0.884, 0.964) <0.001
CAI125+CRP
NLR+MLR+PLR+  0.64 0.93 0.92 0.77 80.40% 0.742 0.688 0.905 (0.859, 0.952) <0.00I
CAI25 +CRP+FIB
NLR+MLR+PLR+  0.71 096 0.85 0.92 85.10% 0.713 0.764 0.925 (0.883, 0.966) <0.001
CAI25+CRP +
FIB+D-D

PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; Cl, confidence interval; WBC,
white blood cell; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; AMC, absolute monocyte count;

RDW, red cell distribution width; PLT, platelet; PDVY, platelet distribution width; NLR, neutrophil-to-lymphocyte ratio;

PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; FIB, fibrinogen; D-D, D-dimer; CRP, C-reactive
protein; CAI25, cancer antigen 125.

Statistical methods: Receiver operating characteristic curve, dichotomous logistic regression analysis.

integration of the NLR, PLR, MLR, and
CRP level. A variety of factors in the
body can cause changes in peripheral
blood cells, such as physiological cycles,
responses to external stimuli, and even the
patient’s age. However, the NLR, MLR,
and PLR are well protected from the effects
of these changes. When inflammation
occurs, the ANC markedly increases and
various inflammatory mediators are
released. The NLR is obtained by combin-
ing two neutrophil and lymphocyte
markers. It is less affected by physiological,

pathological, and physical factors and has
better stability and more advantages over
other leukocyte parameters. Similar to the
NLR, the PLR is an inflammatory marker
in some diseases. PLTs, as acute phase reac-
tants, play an essential role in inflammatory
responses occurring in the vessel wall and
the subsequent tissue repair mechanisms;
this is in addition to their hemostatic func-
tion following endothelial injury.'* The
MLR is another inflammatory marker
because both monocytes and lymphocytes
are significant cells in the inflammatory
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Figure 4. Comparison of expression levels of WBC count, ANC, ALC, AMC, RDVY, PLT count, PDW,
NLR, PLR, MLR, FIB level, D-D level, CAI25 level, and CRP level between patients with ovarian cancer and
healthy controls. *p > 0.05, **p < 0.05, **p < 0.001. WBC, white blood cell; ANC, absolute neutrophil
count; ALC, absolute lymphocyte count; AMC, absolute monocyte count; RDW, red cell distribution
width; PLT, platelet; PDVV, platelet distribution width; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-
to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; FIB, fibrinogen; D-D, D-dimer; CAI25, cancer

antigen 125; CRP, C-reactive protein.

response. A lower ALC and higher AMC
are associated with cancer development
and progression.'?

Research worldwide has confirmed that
the peripheral blood NLR, MLR, and PLR
could be the most direct biomarkers of the
body’s inflammatory response. These indi-
cators are associated with the diagnosis and
prognosis of numerous malignant tumors
and are considered the most economical
potential surrogate biomarkers for various
malignancies. They are widely used in diag-
nosing malignant tumors of the endometri-
um, larynx, stomach, pancreas, bladder,
and other organs.'*!¢2°

Numerous investigations have shown
that the peripheral blood NLR, PLR, and
MLR vary between HCs and patients with
malignant ovarian tumors®"** and that that
these ratios are higher in patients with epi-
thelial OC than in HCs. Consistent with the
findings of Sastra et al.,?® the present study
showed that the NLR, PLR, and MLR
were significantly higher in the OC group
than in the BOD and HC groups
(p<0.05) (Table 2), suggesting that these
inflammatory indexes have specific clinical
value in diagnosing OC. Moreover, the
NLR and MLR were significantly higher
in patients with multiple and stage III/IV
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Figure 5. Correlations between NLR, MLR, PLR, FIB level, D-D level, CRP level, and CAI25 in patients
with ovarian cancer using Spearman’s correlation test. NLR, neutrophil-to-lymphocyte ratio; MLR, mono-
cyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; FIB, fibrinogen; D-D, D-dimer; CRP, C-reactive

protein; CA25, cancer antigen 125.

Table 5. Correlation of NLR, MLR, and PLR with CAI125 in patients with ovarian cancer.

NLR MLR PLR
Data r p r p r p
CAI125 0.546 <0.001 0.506 <0.001 0.498 <0.001

NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; CAI25,

cancer antigen |25.
Statistical method: Pearson’s correlation analysis.

Table 6. Correlation of FIB and D-D levels with
PDW and PLT count in patients with ovarian
cancer.

PDW PLT count
Data r p r p
FIB —0.333 <0.001 0.389 <0.001
D-D —0.129 0.278 0.263 <0.05

Fib, fibrinogen; D-D, D-dimer; PDVYV, platelet distribution
width; PLT, platelet.

OC than in those with single and stage I/11
OC, indicating that the NLR and MLR
are associated with the severity of OC
(Table 3). Logistic regression analysis of
the NLR, MLR, PLR, and other
laboratory-related  parameters revealed
that the NLR in the OC group had a sen-
sitivity of 71%, specificity of 75%, accuracy
of 72.62%, and AUC of 0.765. The sensi-
tivity, specificity, accuracy, and AUC of the
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MLR were 79%, 58%, 70.24%, and 0.716,
respectively, and those of the PLR were
82%, 65%, 75%, and 0.719, respectively.
The combined detection of the NLR,
PLR, and MLR vyielded a sensitivity of
69%, specificity of 78%, accuracy of
70.2%, and AUC of 0.764 (Table 4).
These results indicate that the PLR, NLR,
and MLR are reliable inflammatory diag-
nostic indicators for OC.

Plasma FIB is a precursor of fibrin. In
the final stage of coagulation, soluble FIB is
converted to insoluble fibrin, causing the
blood to clot. Measurement of the plasma
FIB level helps to understand the state of
the patient’s coagulation function. In the
present study, FIB exhibited a sensitivity
of 68%, specificity of 78%, accuracy of
72.00%, and AUC of 0.758. Pearson corre-
lation analysis showed that the FIB level
was positively correlated with the PLT
count in patients with OC (p<0.001)
(Table 6). Changes in the D-D level are a
direct response to activation or inhibition of
the coagulation and fibrinolytic systems
and can be among the most important indi-
cators of thrombus formation in vivo. The
D-D level exhibited a sensitivity of 90%,
specificity of 81%, accuracy of 82.00%,
and AUC of 0.881 in the current investiga-
tion. Pearson correlation analysis suggested
that the D-D level was positively correlated
with the PLT count in patients with OC
(p <0.05) (Table 6).

CRP is a commonly measured inflamma-
tory marker in clinical practice and a sensi-
tive indicator of the systemic inflammatory
response.”* In the present study, the CRP
level showed a sensitivity of 78 %, specificity
of 67%, accuracy of 73.21%, and AUC of
0.755. Pearson correlation analysis showed
that the NLR, MLR, and PLR were posi-
tively correlated with the CRP level in
patients with OC (p<0.001) (Table 4).
According to a report by Yang et al.*
the diagnostic threshold for CRP in

patients with OC was 9.8 mg/L, and high
levels of CRP were related to the stage of
OC and tumor size. CA125 serves as the
most promising biological indicator for
screening of OC; however, its accuracy
remains unacceptable.’® The serum CA125
level is elevated in 80% of patients with OC.
However, in nearly half of patients with
early OC, the CA125 level is not elevated,
making it unsuitable as the sole marker for
early diagnosis of OC. In 90% of patients,
an elevated serum CA125 level is associated
with disease progression; thus, it is primar-
ily used for disease detection and assessing
treatment efficacy. In the study by Yang
et al,”® the ROC results showed that
CA125 had the highest diagnostic efficacy
for OC; the sensitivity of CRP was higher
than that of CA125, and the specificity of
CRP was equal to that of CA125.

Thus, various combinations of the NLR,
PLR, MLR, FIB, D-D, CRP, or CAI25
had more practical application than any
single parameter. The combinations of
NLR +PLR +MLR + CRP, NLR +PLR +
MLR + CA125, NLR+PLR+MLR+ CA
125+ CRP, NLR + MLR + PLR + CA125+
CRP+FIB, and NLR+MLR+PLR+
CA125+ CRP+ FIB+ D-D had sensitivities
of 78%, 86%, 85%, 92%, and 85%; specific-
ities of 73%, 88%, 89%, 77%, and 92%; accu-
racies of 69.60%, 79.80%, 79.80%, 80.40%,
and 85.10%; and AUCs of 0.786, 0.922,
0.924, 0.905, and 0.925, respectively. These
findings indicate that the following combina-
tions have good practical value and clinical
significance: NLR + PLR + MLR + CA125,
NLR + PLR + MLR + CA125+ CRP, NLR +
MLR +PLR + CA125+ CRP+FIB, and
NLR +MLR +PLR + CA125+ CRP +
FIB 4 D-D.

Conclusion

In this study, the OC group had consider-
ably greater NLR, PLR, and MLR values
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than the BOD and HC groups. The NLR,
PLR, and MLR were positively correlated
with the CRP and CAI125 levels; the FIB
level was positively correlated with the
PLT count; and the D-D level was positive-
ly correlated with the PLT count in patients
with OC, suggesting that these factors
might reflect the inflammatory status of
OC. The following combinations had the
highest diagnostic efficacy: NLR + PLR +
MLR + CA125, NLR +PLR + MLR + CA
125+ CRP, NLR + MLR + PLR + CAI125+
CRP+FIB, and NLR+MLR+PLR+
CA125+ CRP+ FIB+ D-D.  Measurement
of these combinations of factors would improve
the validity of the diagnosis and significantly
reduce the rate of missed OC.
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