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Clinical value of serum tumor
markers in assessing the efficacy
of neoadjuvant chemotherapy in
advanced ovarian cancer: single-
center prospective clinical study
Jing Huang1*†, Danyi Du2†, Hailong Chen1†, Deping Luo1,
Qi Wang1, Chan Li1, Yuanxiang Li3 and Ying Yu1*

1Department of Gynecology and Oncology, Ganzhou Cancer Hospital, Ganzhou, Jiangxi, China,
2Shenzhen Hospital, Southern Medical University, Shenzhen, Guangdong, China, 3Department of
Clinical laboratory, Ganzhou Cancer Hospital, Ganzhou, Jiangxi, China
Objective: This study aimed to assess the clinical importance of various

biomarkers, including NLR, CEA, CA199, CA125, CA153, and HE4, through

dynamic testing to evaluate the effectiveness of neoadjuvant chemotherapy

(NACT) for individuals facing advanced ovarian cancer. This provides valuable

information for tailoring treatment plans to individual patients, thereby leading to

a more personalized and effective management of individuals facing

ovarian cancer.

Methods: The levels of NLR, CA125, CA199, CEA, CA153, and HE4 were detected

before chemotherapy and after 3 courses of chemotherapy. Patients were

categorized into ineffective and effective groups according to the effectiveness

of NACT. To evaluate the factors influencing NACT’s effectiveness in individuals

facing advanced ovarian cancer, receiver operating characteristic (ROC) curves,

predictive modeling, and multifactorial regression analysis were employed.

Results: In the effective group, the patients’ age, maximum tumor diameter, and

CEA and HE4 levels of the patients were significantly higher compared to those in

the ineffective group (P <.05). Additionally, the difference in HE4 levels before and

after treatment between the effective and ineffective groups was statistically

significant (P<.05). Multifactorial analysis showed that age and maximum tumor

diameter were independent risk factors impacting the effectiveness of NACT in

individuals facing advanced ovarian cancer (P<.05). The ROC curve for predicting

the effectiveness of NACT in individuals facing advanced ovarian cancer showed

a sensitivity of 93.3% for NLR and a specificity of 92.3% for CA199. HE4 emerged

as the most reliable predictor, demonstrating a specificity of 84.6% and a

sensitivity of 75.3%. The area under the curve of the combined CA125 and HE4

assays for predicting the ineffectiveness of NACT in individuals facing advanced

ovarian cancer was 0.825, showcasing a specificity of 74.2% and a sensitivity

of 84.6%.

Conclusion: The predictive capacity for the effectiveness of NACT in individuals

facing advanced ovarian cancer is notably high when considering the sensitivity

of NLR and the specificity of CA199. Additionally, the combination of CA125 and
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HE4 assays can obtain a better predictive effect, which can accurately select

patients suitable for NACT, determine the appropriate timing of the interval

debulking surgery (IDS) surgery, and achieve a satisfactory tumor

reduction effect.
KEYWORDS

ovarian cancer, neoadjuvant chemotherapy, human epididymal protein 4, efficacy of
chemotherapy, predictive indicators
Introduction

The incidence of ovarian cancer has been steadily increasing,

leading to approximately 140,000 women worldwide succumbing to

this disease annually (1). Ovarian cancer ranks has the highest

mortality rate among malignant tumors affecting the female

reproductive system, representing a significant threat to women’s

health (2, 3). Due to the ovaries’ deep location in the pelvis, ovarian

cancer typically presents insidiously and is often difficult to detect in

its early stages. Consequently, about 70% of patients are diagnosed

at an advanced stage (4, 5). For these advanced cases, although

targeted therapies have been incorporated into the treatment

strategy for first-diagnosed ovarian cancer, the conventional

treatment approach involves primary debulking surgery (PDS)

followed by postoperative adjuvant chemotherapy (6–8).

Additionally, for patients with multiple high-risk preoperative

factors and where achieving optimal surgical outcomes is

challenging, the combination of preoperative neoadjuvant

chemotherapy (NACT), interval debulking surgery (IDS), and

postoperative adjuvant chemotherapy is being explored (9, 10).

The role of NACT in treating advanced ovarian cancer remains

controversial. A meta-analysis encompassing 835 ovarian cancer

cases suggested that NACT is linked to a poorer prognosis (11).

However, the prospective randomized controlled study (EORTC

55971) by Vergote et al. suggested that NACT-IDS is considered

noninferior to PDS in individuals facing stage IIIC-IV ovarian

cancer and is associated with fewer perioperative complications.

Furthermore, the CHORUS study confirmed similar overall survival

rate between NACT-IDS and PDS, with better prognoses reported

in individuals facing stage IV ovarian cancer (12, 13). Despite

ongoing debates regarding the efficacy of NACT-IDS, it has

proven to enhance the likelihood of significant tumor reduction

and reduce perioperative complication risks. Therefore, NACT-IDS

should be considered a viable alternative treatment for individuals

with The International Federation of Gynecology and Obstetrics

(FIGO) stage III-IV ovarian cancer when satisfactory tumor

reduction is not feasible with PDS alone (14, 15).

The neutrophil/lymphocyte ratio (NLR) in peripheral blood is

recognized as an indicator of the body’s inflammatory and

immune responses, with several studies highlighting its

correlation with the prognosis of individuals suffering from
02
ovarian cancer (16, 17). Moreover, studies have revealed that

serum tumor markers, including carbohydrate antigen 153

(CA153), carcinoembryonic antigen (CEA), carbohydrate

antigen 199 (CA199), carbohydrate antigen 125 (CA125), and

human epididymal protein 4 (HE4), are linked to ovarian cancer

prognosis. However, the sensitivity and specificity of these single-

marker tests often fall short of ideal standards (18–23). To

enhance tumor reduction rate, minimize perioperative

complications, decrease postoperative chemotherapy resistance,

and accurately select patients suitable for NACT, this study

utilizes dynamic testing of NLR and tumor markers including

CA125, CA199, CEA, CA153, and HE4 before and after NACT.

The ability to accurately predict NACT’s effectiveness in

individuals facing advanced ovarian cancer is crucial for

developing personalized and precise treatment plans, ultimately

aiming to improve the quality of life for these individuals.
Materials and methods

Ethics statement

The current study received approval from the Ethical

Committee of Ganzhou Cancer Hospital (2024001), and all

participants provided written informed consent. The research was

conducted adhering to the Declaration of Helsinki’s principles

concerning studies involving human subjects. After being fully

informed about the nature of the study, each patient gave their

written informed consent to participate.
Patient inclusion criteria

Patients selected for the study were required to meet the

following inclusion criterion: (1) aged 20-70 years; (2)

pathologically confirmed diagnosis of epithelial ovarian cancer in

patients who were newly diagnosed and undergoing their initial

therapeutic intervention; (3) classified as stage IIIC-IV according to

the FIGO 2013 criteria; (4) a treatment plan formulated by a

multidisciplinary team(MDT)that included NACT combined with

IDS and postoperative adjuvant chemotherapy; (5) an Eastern US
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Oncology Collaborative physical fitness score <2 and a Karnofsky

score ≥80; (6) no severe organic lesions in the liver, lungs, heart, or

other important organs, and capable of tolerating chemotherapy

and surgery; and (7) availability of complete clinical information

and willingness to provide signed informed consent.
Patient exclusion criteria

Patients were excluded from the study for the following reasons:

(1) presence of a nonepithelial malignant tumor of the ovary; (2)

staging as I-IIIB according to FIGO 2013 criteria; (3) presence of

serious organic lesions in the liver, lungs, heart, and other important

organs, rendering them unable to tolerate chemotherapy and

surgery; (4) recurrent or uncontrolled ovarian cancer; (5) absence

of a treatment plan discussion with MDT.
Clinical data

From January 2020 to December 2023, the gynecological

oncology department at Ganzhou Cancer Hospital/Ganzhou

Cancer Centre enrolled a total of 102 individuals facing advanced

ovarian cancer. Participants ranged in age from 40 to 74 years, with

a median age of 57.0 years, all of whom met the specified inclusion

criteria (Table 1).
Frontiers in Oncology 03
Methods of chemotherapy

NACT in this protocol involves the administration of a platinum-

based regimen. This includes paclitaxel, dosed at 135-175 mg/m2,

delivered via a slow intravenous drip over 3 hours, and cisplatin,

dosed at 50-75 mg/m2, also administered intravenously. Prophylactic

measures include the oral intake of 10 mg of dexamethasone and

acid-suppressing drugs to protect the gastric mucosa, administered 6

hours before initiating the chemotherapy. Additionally, there is strict

monitoring of respiration rate, blood pressure, pulse, heart rate, and

other vital signs. NACT is administered daily for a 3-week period,

totaling three courses of chemotherapy.
Observation indicators

The tumor size, distant metastasis, and dynamic changes in

serum tumor marker levels (NLR, CEA, CA199, CA153, CA125,

and HE4) were observed and recorded before and after

administering NACT.
NACT efficacy determination criteria

According to the World Health Organization Response

Evaluation Criteria in Solid Tumors (RECIST) version 1.1 (24),

treatment efficacy was classified into four categories: progressive

disease (PD), no change (NC), partial response (PR), and complete

response (CR), with CR+PR as effective and PR+NC as ineffective.
Statistical analysis

Statistical analyses were conducted utilizing SPSS (version 26.0;

IBM Corp). Measurement data that adhered to a normal

distribution were expressed as mean ± SD (m±s), and a t-test was

carried out. Count data were expressed as the number of cases and

percentage, and chi-square test was performed. To analyze the

factors influencing the efficacy of NACT in individuals facing

advanced ovarian cancer, Cox proportional hazards regression

and logistic regression analyses were utilized. R (version 4.2.2;

The R Project for Statistical Computing) software and rms

software package were used to draw receiver operating

characteristic (ROC) curve, calibration curve, and column line.

Additionally, decision curve analysis (DCA) was utilized to assess

the diagnostic efficacy of the prediction model. P values <.05 were

considered statistically significant.
Results

Evaluating NACT efficacy

Of the 102 patients, 8 patients achieved CR, 81 patients achieved

PR, 5 patients showed NC, and 8 patients showed PD after three

chemotherapy sessions. Moreover, CR+PR was considered effective
TABLE 1 General clinical data of the patients (n=102).

Parameter Number of patients, n (%)

Age, years

40~50 29(28.43)

51~60 47(46.08)

61~70 20(19.61)

>70 6(5.88)

Pathological type

High-grade serous adenocarcinoma 85 (83.33)

Low grade serous adenocarcinoma 3(2.94)

Poorly differentiated adenocarcinoma 7(6.86)

Clear cell carcinoma 4(3.92)

Small cell malignant tumor 3(2.94)

Maximum tumor diameter

>37mm 82(80.39)

≤ 37mm 20(19.61)

FIGO stage

IIIC 54 (52.94)

IVA 12(11.76)

IVB 36(35.29)
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(n=89) and PR+NC was considered ineffective (n=13). The results

are presented in Table 2.
Comparison of the basic conditions of
patients in the two groups

There was no statistically significant difference between the

effective and the ineffective groups in terms of FIGO staging of

cancer, and the levels of tumor markers NLR, CA125, CA199, and

CA153 (P>.05); however, there was a statistically significant

difference in terms of age, pathological type, maximum diameter

of tumor, and the levels of CEA and HE4 (P<.05), compared with

the other groups (Table 3).
Comparison of NLR, CA125, CA199, CEA,
CA153, and HE4 levels between the two
groups of patients

The independent samples t-test revealed that the serum HE4

levels of the patients in the effective group before chemotherapy

were higher than that in the ineffective group, and the NLR levels of

the patients in the effective group after chemotherapy were higher

than that in the ineffective group, and the difference was statistically

significant (P<.05; Table 4). The difference in HE4 levels before and

after the treatment between the effective and ineffective groups was

statistically significant (P <.05; Table 5).
Analysis of factors affecting the efficacy of
NACT in patients with advanced
ovarian cancer

Univariate Cox analysis showed that age, maximum tumor

diameter, and HE4 levels were risk factors affecting the efficacy of

NACT in patients with advanced ovarian cancer. Multifactorial

analysis showed that age and maximum tumor diameter were

independent risk factors affecting the efficacy of NACT in

patients with advanced ovarian cancer (Table 6).
Establishment of a clinical prediction
model for NACT in patients with advanced
ovarian cancer

Among the independent risk factors, 70% of the data were

randomly selected as the training set, and 30% were selected as the
Frontiers in Oncology 04
validation set to build a clinical prediction model for NACT in

patients with advanced ovarian cancer. The column line graphs

(Figure 1), training set versus validation set calibration curves

(Figures 2, 3), and clinical decision curves versus clinical impact

curves (Figures 4, 5) were plotted. The differentiation and

calibration of the predictive model were validated by the area

under the ROC curve and the Hosmer-Lemeshow test,

respectively, and the area under the ROC curve of the validation

set was higher than that of the training set (Figure 6).
Predictive effects of detecting serum NLR,
CA125, CA199, CEA, CA153, and HE4 levels
on the efficacy of NACT in advanced
ovarian cancer

The ROC curve showed that NLR had the highest sensitivity

(93.3%) in predicting the efficacy of NACT in patients with

advanced ovarian cancer, CA199 had the highest specificity of

92.3% in predicting NACT efficacy in patients with advanced

ovarian cancer, CA153 had sensitivity of 62.9% and a specificity

of 61.5% for predicting NACT efficacy in patients with advanced

ovarian cancer, and HE4 had a sensitivity of 75.3% and specificity of

84.6% in predicting the efficacy of NACT in patients with advanced

ovarian cancer. HE4 was the best predictor of the efficacy of NACT

in patients with advanced ovarian cancer (Figure 7; Table 7).
Predictive effects of combined testing on
NACT ineffectiveness in advanced
ovarian cancer

The test results of NLR, CA125, CA199, CEA, CA153, and HE4

were used to establish a ROC curve for predicting the ineffectiveness

of NACT, and it was found that CA125 and HE4 were significant in

predicting the efficacy of NACT (P<.05; Table 8). Including both

variables in the logistic regression analysis, the ROC curve showed

an area under the curve of 0.825, sensitivity of 84.6%, and specificity

of 74.2% for the combined CA125 and HE4 assays to predict the

inefficacy of NACT in patients with advanced ovarian cancer

(Figure 8; Table 9).
Discussion

Ovarian cancer typically presents insidiously and is difficult to

detect in its early stages, with nearly 70% of patients being

diagnosed at an advanced stage (4, 5). Numerous investigations

have demonstrated that surgical thoroughness significantly

correlates with survival rates in patients with advanced ovarian

cancer. Achieving satisfactory tumor reduction during PDS is a

prerequisite for successful postoperative maintenance therapy.

Moreover, attaining R0 resection is linked to a considerable

enhancement in overall survival for those facing advanced stages

of the disease (25–27). Patients facing advanced ovarian cancer

often have metastases to multiple sites such as the peritoneum,
TABLE 2 Efficacy of neoadjuvant chemotherapy/case (%) (n=102).

Parameter Number of patients, n (%)

CR 8 (7.84)

PR 81 (79.41)

NC 5 (4.90)

PD 8 (7.84)
CR, complete response; PR, partial response; NC, no change; PD, progressive disease.
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greater omentum, intestines, liver, spleen, diaphragm, and lymph

nodes. This multifocal spread complicates the direct application of

PDS and significantly increases the risk of perioperative

complications and mortality (27–29). NACT-IDS can increase the

feasibility of minimally invasive surgery, potentially improving

tumor reduction and reducing risks of postoperative

complications and perioperative mortality. However, this

approach might not extend postoperative survival, and could

increase the risks associated with chemotherapeutic drug

resistance and tumor recurrence (14, 15, 30–32).

The choice between PDS and NACT-IDS for patients with

advanced ovarian cancer necessitates a careful evaluation and

requires a multidisciplinary approach, incorporating insights from

gynecological oncologists, pathologists, and the analysis of clinical

indicators and imaging results. This collaborative effort aims to

provide tailored and precise treatment to achieve the best

therapeutic outcome (33, 34). Predicting the efficacy of NACT

represents a crucial clinical inquiry for future research endeavors.

Research has reported a connection between chronic

inflammation and the progression of ovarian cancer, highlighting

the critical role of the inflammatory response in tumor

proliferation, invasion, and migration by upregulating

inflammation to promote tumor angiogenesis and inhibit

antitumor activity (35, 36). Neutrophils, produced in the bone

marrow, possess phagocytic, chemotactic, and bactericidal effects.

They can also synthesize vascular endothelial growth factor

(VEGF), which promotes abnormal neovascularization and

accelerates the growth and metastasis of malignant tumor cells

(37, 38). Lymphocytes, produced in lymphoid organs, are crucial for

immune recognition and constitute the main cellular components

of the immune response. A decrease in lymphocyte counts can

diminish immune-mediated tumor antagonism, thereby facilitating

the proliferation and metastasis of malignant tumor cells (39, 40).

NLR is a leukocyte-associated inflammatory marker suggestive of

the body’s immune homeostasis. An increased NLR disrupts the

immune homeostasis, resulting in an imbalance between antitumor

immune response and protumor inflammatory response, which

promotes tumor cell growth and metastasis, and bears a strong

correlation with the progression and prognosis of ovarian cancer

(16, 17, 41, 42).

CA125 is currently the most commonly used adjuvant indicator

for the diagnosis, efficacy observation, and prognostic assessment of

ovarian cancer, and kinetic changes for the prediction of satisfactory

subtractive tumors have been widely studied (18, 19, 43, 44).

Normalization of pre-IDS CA125 levels is an accurate predictor
TABLE 3 Comparison of the basic conditions of patients in the two
groups (n=102).

Parameter Efficiently Null c2/t P

Age, years

40~50 20 9 13.28 .004

51~60 43 4

61~70 20 0

>70 6 0

Pathological type

High-grade
serous
adenocarcinoma

76 9 14.224 .007

Low grade
serous
adenocarcinoma

3 0

Poorly
differentiated
adenocarcinoma

3 4

Clear
cell carcinoma

4 0

Small cell
malignant tumor

3 0

Maximum tumor diameter

>37mm 78 4 23.27 <0.01

≤ 37mm 11 9

FIGO stage

IIIC 45 9 5.58 .061

IVA 9 3

IVB 35 1

NLR (4.42±3.04)

>4.42 39 4 0.79 .373

≤ 4.42 50 9

CA125(990.87±1673.62)

>990.87 18 0 3.19 .074

≤ 990.87 71 13

CA199(57.44±174.20)

>57.44 14 1 0.58 .445

≤ 57.44 75 12

CEA(2.07±3.69)

>2.07 28 0 5.64 .018

≤ 2.07 61 13

CA153(78.52±86.14)

>78.52 29 3 0.48 .490

≤ 78.52 60 10

(Continued)
TABLE 3 Continued

Parameter Efficiently Null c2/t P

HE4(422.95±490.93)

>422.95 30 0 6.21 .013

≤ 422.95 59 13
fro
NLR, neutrophil-to-lymphocyte ratio; CA125, cancer antigen 125; CA199, carbohydrate
antigen 19-9; CEA, carcinoembryonic antigen; CA153, cancer antigen 153; HE4, human
epididymis protein 4.
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of satisfactory tumor-reducing surgery and is significantly

associated with better survival rates. However, the CALYPSO and

ICON-8 studies demonstrated that CA125 levels do not accurately

assess patient sensitivity to chemotherapy (45–47). CA199 is a
Frontiers in Oncology 06
tumor marker associated with pancreatic, gallbladder, gastric, and

colon cancers. In patients with ovarian cancer, CA199 is highly

expressed and can be shed in large quantities from the cell

membranes of the ovarian cancer cells into the bloodstream,
TABLE 4 Analysis of factors affecting the effectiveness of neoadjuvant chemotherapy for advanced ovarian cancer.

group NLR CA125 CA199 CEA CA153 HE4

Active group Before chemotherapy 4.36±2.80 1001.03±1762.51 62.85±185.48 2.19±3.93 82.29±89.7 470.96±507.9

After chemotherapy
3.32±2.13 255.60±902.64 14.89±11.25 2.32±4.43 20.21±16.43

151.87
±246.13

Invalid group Before chemotherapy 4.84±4.46 236.68±297.49 20.39±37.66 1.24±0.43 52.69±51.15 94.21±50.57

After chemotherapy 1.82±1.08 108.46±148.64 10.51±5.18 1.13±0.44 22.44±9.95 76.08±33.25

t value between groups before chemotherapy -0.52 1.76 0.82 0.86 1.16 2.66

p value between groups before chemotherapy 0.603 0.082 0.414 0.391 0.249 0.009

t value between groups after chemotherapy 2.47 0.58 1.38 0.96 -0.48 1.10

p value between groups after chemotherapy 0.015 0.56 0.171 0.337 0.635 0.272
f

NLR, neutrophil-to-lymphocyte ratio; CA125, cancer antigen 125; CA199, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; CA153, cancer antigen 153; HE4, human epididymis
protein 4.
TABLE 5 Comparison of the difference in NLR, CA125, CA199, CEA, CA153, HE4 before and after chemotherapy between the effective group and the
ineffective group.

group NLR CA125 CA199 CEA CA153 HE4

Active group 1.05±3.42 845.43±1541.96 47.96±178.43 -0.13±0.86 62.09±83.97 319.09±420.55

Invalid group 3.01±3.88 128.21±347.43 9.87±37.02 0.12±0.76 30.25±57.10 18.13±59.66

t values between groups before and
after chemotherapy

-1.90 1.66 0.76 0.98 1.32 2.57

P values between groups before and
after chemotherapy

0.06 0.099 0.447 0.328 0.19 0.012
NLR, neutrophil-to-lymphocyte ratio; CA125, cancer antigen 125; CA199, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; CA153, cancer antigen 153; HE4, human epididymis
protein 4.
TABLE 6 Analysis of factors affecting the effectiveness of neoadjuvant chemotherapy for advanced ovarian cancer.

Variable Single factor analysis Multifactor analysis

HR 95%CI P HR 95%CI P

Age 0.912 (0.852~0.977) 0.009 0.900 (0.823~0.985) 0.022

Pathological type – – 0.409 – – –

Maximum tumor diameter 0.98 (0.965~0.996) 0.014 0.983 (0.968~0.998) 0.024

FIGO stage – – 0.103 – – –

NLR – – 0.624 – – –

CA125 – – 0.128 – – –

CA199 – – 0.514 – – –

CEA – – 0.392 – – –

CA153 – – 0.285 – – –

HE4 0.989 (0.980~0.999) <0.01 – – 0.084
NLR, neutrophil-to-lymphocyte ratio; CA125, cancer antigen 125; CA199, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; CA153, cancer antigen 153; HE4, human epididymis
protein 4.
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showing remarkable sensitivity for ovarian cancer detection (20, 48,

49). CEA, a soluble glycoprotein with complex structure and

embryonic antigenic properties, is mostly found in the fetal liver

and gastrointestinal tract during the embryonic period, and is

present in minimal quantities in tissues. Abnormally elevated

levels of CEA may affect the differentiation of tumors and

increase the risk of tumor infiltration and metastasis, which in

turn affects the clinical regression of patients with ovarian cancer

(21, 50, 51). CA153 was first found in breast cancer epithelial cells

and can cause changes in cell surface glycans due to activation of

glycosyltransferases during carcinogenesis. This marker is present

in a variety of adenocarcinomas and has increasingly been used as

an adjunctive indicator for the diagnosis and differentiation of

ovarian cancer in recent years (22, 52, 53). HE4 is an acidic

inhibitory protein that exacerbates ovarian cancer by facilitating

early infiltration and metastasis, thereby accelerating the disease’s
Frontiers in Oncology 07
progression. Elevated expression levels of HE4 may signal poor

clinical regression in patients with ovarian cancer, reflecting the

disease’s progression and prognosis to a certain extent (19, 23,

48, 54).

In this study, NACT demonstrated effectiveness when the HE4

level exceeded 422.95 pmol/L. NLR exhibited a remarkable

sensitivity of 93.3% in predicting the effectiveness of NACT in

individuals facing advanced ovarian cancer, while CA199 displayed

a high specificity of 92.3% in the same regard. In individuals facing

advanced ovarian cancer, HE4 was the best predictor of NACT

efficacy, boasting a sensitivity of 75.3% and a specificity of 84.6%,

whereas CEA and CA153 were poor predictors of NACT efficacy in

these patients, displaying low sensitivity and specificity. The

combined HE4 and CA125 test exhibited an area under the curve

of 0.825 for predicting the ineffectiveness of NACT in individuals

facing advanced ovarian cancer, demonstrating a sensitivity of
FIGURE 1

Neoadjuvant chemotherapy for advanced ovarian cancer predictive column line chart.
FIGURE 2

Training set calibration analysis.
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FIGURE 4

Validation set: decision curve analysis curve.
FIGURE 3

Validation set calibration analysis.
FIGURE 5

Training set: decision curve analysis curve.
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84.6% and a specificity of 74.2%. Among the indicators of NLR,

CA125, CA199, CEA, CA153, and HE4 in advanced ovarian cancer,

the single tests had some degree of defects, thus affecting their value,

whereas the combined tests made up for each other’s defects,

thereby improving the prediction of the effectiveness of NACT in

individuals facing advanced ovarian cancer and accurately selecting

the patients suitable for NACT, avoiding unnecessary

excessive NACT.

This study does have some limitations. First, the investigation was

a prospective clinical study with participants recruited from the same

hospital, and no multicenter study was conducted, thereby resulting

in geographical differences. Second, in this study, the distribution of

participants included 54 patients at stage IIIC, 36 at stage IVB, and 12

at stage IVA, while stage IIIA and stage IIIB had no representation,

and therefore, the results of the study may be biased. Third, the

sample size was insufficient. Collaboration with other centers is

required to reduce the incidence of error bias. Fourth, the use of

cisplatin instead of carboplatin in the chemotherapy regimen may
Frontiers in Oncology 09
have increased nephrotoxicity, potentially affecting efficacy. Fifth, the

relationship between types of pathology and chemotherapy efficacy

was not considered, and mixed histopathology types may have biased

the results. Certain types of pathology do not respond to NACT, and

analysis of high-grade serous adenocarcinoma alone may be more

clinically relevant. Sixth, the study was limited to a single

chemotherapy regimen. The potential for combining polymerase

(PARP) inhibitors with chemotherapy, antiangiogenic therapy,

immune checkpoint inhibitors, and other DNA damage response

modifying drugs for NACT deserves further exploration (6). NLR,

CA125, CA199, and HE4 dynamic testing can provide valuable

insights into forecasting the effectiveness of NACT for individuals
FIGURE 6

Receiver operating characteristic curves of predictive models in training and validation sets.
FIGURE 7

Receiver operating characteristic curves for each test to predict.
efficacy of neoadjuvant chemotherapy in patients with
ovarian cancer.
TABLE 7 Results of ROC curves for each test effective for neoadjuvant
chemotherapy in ovarian cancer.

Variable AUC
(95% CI)

Cutoff
value

Sensitivity Specificity

NLR 0.535(95%
CI
0.321~0.75)

1.20 93.3% 38.5%

CA125 0.68 (95%
CI
0.546~0.814)

206.30 62.9% 37.1%

CA199 0.512(95%
CI
0.346~0.678)

15.51 28.1% 92.3%

CEA 0.57 (95%
CI
0.445~0.695)

1.85 36% 0%

CA153 0.531(95%
CI
0.404~0.657)

27.16 62.9% 61.5%

HE4 0.817(95%
CI
0.72~0.914)

99.79 75.3% 84.6%
NLR, neutrophil-to-lymphocyte ratio; CA125, cancer antigen 125; CA199, carbohydrate
antigen 19-9; CEA, carcinoembryonic antigen; CA153, cancer antigen 153; HE4, human
epididymis protein 4.
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facing advanced ovarian cancer, and in our future clinical works, we

should continue to improve our surgical skills and apply a variety of

new technologies (55, 56), so that more patients can achieve a true R0

resection by receiving individualized and precise treatment plans,

thereby improving their quality of life and maximizing

therapeutic outcomes.
Frontiers in Oncology 10
Conclusion

Ovarian cancer, often diagnosed at advanced stages due to its

insidious early symptoms, remains the leading cause of death from

gynecological malignancies. The predictive accuracy of NACT’s

efficacy in advanced ovarian cancer is significantly enhanced by

NLR’s high sensitivity and CA199’s high specificity. Furthermore,

the synergistic analysis of CA125 and HE4 demonstrates an

improved predictive effect, which can accurately select patients

suitable for NACT, determine the appropriate timing of the IDS

surgery, achieve a satisfactory effect of tumor reduction,

avoid unnecessary excessive NACT, reduce the occurrence of

perioperative complications, reduce the postoperative

chemotherapy resistance and toxic side effects, and carry out the

individualized precision treatment to achieve the best therapeutic

effect. To further improve patient outcomes, ongoing enhancement

of surgical techniques and integration of innovative technologies are

essential. These advancements enable more patients to achieve a

true R0 resection, providing a solid foundation for subsequent

chemotherapy, targeted therapies, and immunotherapy, ultimately

elevating survival rates and quality of life for individuals facing

advanced ovarian cancer.
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significance of preoperative NLR, MLR, and PLR values in predicting the outcome of
primary cytoreductive surgery in serous epithelial ovarianCancer. Diagnostics (Basel).
(2023) 13:2268. doi: 10.3390/diagnostics13132268

18. Sharma T, Nisar S, Masoodi T, Macha MA, Uddin S, Akil AA, et al. Current and
emerging biomarkers in ovarian cancer diagnosis; CA125 and beyond. Adv Protein
Chem Struct Biol. (2023) 133:85–114. doi: 10.1016/bs.apcsb.2022.08.003
19. Samborski A, Miller MC, Blackman A, MacLaughlan-David S, Jackson A,
Lambert-Messerlian G, et al. HE4 and CA125 serum biomarker monitoring in
women with epithelial ovariancancer. Tumour Biol. (2022) 44:205–13. doi: 10.3233/
TUB-220016

20. Qing X, Liu L, Mao X. A clinical diagnostic value analysis of serum CA125, CA199,
and HE4 in women with early ovarian cancer: systematic review and meta-analysis.
Comput Math Methods Med. (2022) 2022:9339325. doi: 10.1155/2022/9339325

21. Lin W, Cao D, Shen K. Prognostic significance of preoperative serum CEA in
primary mucinous ovariancarcinoma: a retrospective cohort study. Cancer Manag Res.
(2018) 10:6913–20. doi: 10.2147/CMAR

22. Matsas A, Stefanoudakis D, Troupis T, Kontzoglou K, Eleftheriades M,
Christopoulos P, et al. Tumor markers and their diagnostic significance in ovarian
cancer. Life (Basel). (2023) 13:1689. doi: 10.3390/life13081689

23. Anastasi E, Farina A, Granato T, Colaiacovo F, Pucci B, Tartaglione S, et al.
Recent insight about HE4 role in ovarian cancer oncogenesis. Int J Mol Sci. (2023)
24:10479. doi: 10.3390/ijms241310479

24. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New response evaluation criteria in solid tumours: revised RECIST guideline (version
1.1). Eur J Cancer. (2009) 45:228–47. doi: 10.1016/j.ejca.2008.10.026

25. Norppa N, Staff S, Helminen M, Auranen A, Saarelainen S. Improved survival
after implementation of ultra-radical surgery in advanced epithelial ovarian cancer:
Results from a tertiary referral center. Gynecol Oncol. (2022) 165:478–85. doi: 10.1016/
j.ygyno.2022.03.023

26. Chi DS, Eisenhauer EL, Zivanovic O, Sonoda Y, Abu-Rustum NR, Levine DA,
et al. Improved progression-free and overall survival in advanced ovarian cancer as a
result of a change in surgical paradigm. Gynecol Oncol. (2009) 114:26–31. doi: 10.1016/
j.ygyno.2009.03.018

27. Aletti GD, Dowdy SC, Gostout BS, Jones MB, Stanhope CR, Wilson TO, et al.
Aggressive surgical effort and improved survival in advanced-stage ovarian cancer.
Obstet Gynecol. (2006) 107:77–85. doi: 10.1097/01.AOG.0000192407.04428.bb

28. Aletti GD, Eisenhauer EL, Santillan A, Axtell A, Aletti G, Holschneider C,
et al. Identification of patient groups at highest risk from traditional approach to
ovarian cancer treatment. Gynecol Oncol. (2011) 120:23–8. doi: 10.1016/
j.ygyno.2010.09.010

29. Rafii A, Stoeckle E, Jean-Laurent M, Ferron G, Morice P, Houvenaeghel G, et al.
Multi-center evaluation of post-operative morbidity and mortality after optimal
cytoreductive surgery for advanced ovarian cancer. PLoS One. (2012) 7:e39415.
doi: 10.1371/journal.pone.0039415

30. Gao Y, Li Y, Zhang C, Han J, Liang H, Zhang K, et al. Evaluating the benefits of
neoadjuvant chemotherapy for advanced epithelial ovarian cancer: a retrospective
study. J Ovarian Res. (2019) 12:85. doi: 10.1186/s13048-019-0562-9

31. da Costa AA, Valadares CV, Baiocchi G, Mantoan H, Saito A, Sanches S, et al.
Neoadjuvant chemotherapy followed by interval debulking surgery and the risk of
platinum resistance in epithelial ovarian cancer. Ann Surg Oncol. (2015) 22 Suppl 3:
S971–8. doi: 10.1245/s10434-015-4623-z

32. Himoto Y, Cybulska P, Shitano F, Sala E, Zheng J, Capanu M, et al. Does the
method of primary treatment affect the pattern of first recurrence in high-grade serous
ovarian cancer? Gynecol Oncol. (2019) 155:192–200. doi: 10.1016/j.ygyno.2019.08.011

33. Querleu D, Planchamp F, Chiva L, Fotopoulou C, Barton D, Cibula D, et al.
European society of gynaecologic oncology quality indicators for advanced ovarian
cancer surgery. Int J Gynecol Cancer. (2016) 26:1354–63. doi: 10.1097/
IGC.0000000000000767

34. Mahner S, Trillsch F, Chi D, Harter P, Pfisterer J, Hilpert F, et al. Neoadjuvant
chemotherapy in ovarian cancer revisited. Ann Oncol. (2016) 27 Suppl 1:i30–2.
doi: 10.1093/annonc/mdw092

35. Jonsson S, Jonsson H, Lundin E, Häggström C, Idahl A. Pelvic inflammatory
disease and risk of epithelial ovarian cancer: a national population-based case-control
study in Sweden. Am J Obstet Gynecol. (2024) 230(1):75.e1–75.e15. doi: 10.1016/
j.ajog.2023.09.094
frontiersin.org

https://doi.org/10.1001/jama.2017.21926
https://doi.org/10.1002/ijc.34002
https://doi.org/10.3322/caac.21708
https://doi.org/10.1016/j.critrevonc.2019.05.014
https://doi.org/10.1016/S0140-6736(18)32552-2
https://doi.org/10.1097/COC.0000000000001024
https://doi.org/10.23736/S0026-4806.19.06078-6
https://doi.org/10.1016/j.ejca.2020.02.020
https://doi.org/10.1093/jjco/hyaa015
https://doi.org/10.1016/j.ejso.2020.09.014
https://doi.org/10.1016/j.ygyno.2006.06.025
https://doi.org/10.1056/NEJMoa0908806
https://doi.org/10.1016/S0140-6736(14)62223-6
https://doi.org/10.3389/fonc.2022.820128
https://doi.org/10.1016/j.ejca.2016.01.017
https://doi.org/10.1186/s13048-023-01116-2
https://doi.org/10.3390/diagnostics13132268
https://doi.org/10.1016/bs.apcsb.2022.08.003
https://doi.org/10.3233/TUB-220016
https://doi.org/10.3233/TUB-220016
https://doi.org/10.1155/2022/9339325
https://doi.org/10.2147/CMAR
https://doi.org/10.3390/life13081689
https://doi.org/10.3390/ijms241310479
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ygyno.2022.03.023
https://doi.org/10.1016/j.ygyno.2022.03.023
https://doi.org/10.1016/j.ygyno.2009.03.018
https://doi.org/10.1016/j.ygyno.2009.03.018
https://doi.org/10.1097/01.AOG.0000192407.04428.bb
https://doi.org/10.1016/j.ygyno.2010.09.010
https://doi.org/10.1016/j.ygyno.2010.09.010
https://doi.org/10.1371/journal.pone.0039415
https://doi.org/10.1186/s13048-019-0562-9
https://doi.org/10.1245/s10434-015-4623-z
https://doi.org/10.1016/j.ygyno.2019.08.011
https://doi.org/10.1097/IGC.0000000000000767
https://doi.org/10.1097/IGC.0000000000000767
https://doi.org/10.1093/annonc/mdw092
https://doi.org/10.1016/j.ajog.2023.09.094
https://doi.org/10.1016/j.ajog.2023.09.094
https://doi.org/10.3389/fonc.2024.1399502
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Huang et al. 10.3389/fonc.2024.1399502
36. Johnson CE, Alberg AJ, Bandera EV, Peres LC, Akonde M, Collin LJ, et al.
Association of inflammation-related exposures and ovarian cancer survival in a multi-
site cohort study of Black women. Br J Cancer. (2023) 129:1119–25. doi: 10.1038/
s41416-023-02385-w
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Prognostic role of neutrophil, monocyte and platelet to lymphocyte ratios in advanced
ovarian cancer according to the time of debulking surgery. Int J Mol Sci. (2023)
24:11420. doi: 10.3390/ijms241411420

41. Sanna E, Tanca L, Cherchi C, Gramignano G, Oppi S, Chiai MG, et al. Decrease
in neutrophil-to-lymphocyte ratio during neoadjuvant chemotherapy as a predictive
and prognostic marker in advanced ovarian cancer. Diagnostics (Basel). (2021) 11:1298.
doi: 10.3390/diagnostics11071298

42. John-Olabode SO, Okunade KS, Olorunfemi G, Soibi-Harry A, Rimi G,
Osunwusi B, et al. Pretreatment neutrophil-to-lymphocyte ratio: A prognostic
biomarker of survival in patients with epithelial ovarian cancer. Cureus. (2021) 13:
e16429. doi: 10.7759/cureus.16429

43. Mansha M, Gill A, Thomson PC. Potential risk factors of ovarian cancer and
analysis of CA125, a biomarker used for its monitoring and diagnosis. Mol Biol Rep.
(2019) 46:3325–32. doi: 10.1007/s11033-019-04794-8

44. Zhang M, Cheng S, Jin Y, Zhao Y, Wang Y. Roles of CA125 in diagnosis,
prediction, and oncogenesis of ovarian cancer. Biochim Biophys Acta Rev Cancer.
(2021) 1875:188503. doi: 10.1016/j.bbcan.2021.188503

45. Colomban O, TodM, Leary A, Ray-Coquard I, Lortholary A, Hardy-Bessard AC,
et al. Early modeled longitudinal CA-125 kinetics and survival of ovarian
cancerPatients: A GINECO AGO MRC CTU study. Clin Cancer Res. (2019)
25:5342–50. doi: 10.1158/1078-0432.CCR-18-3335

46. You B, Colomban O, Heywood M, Lee C, Davy M, Reed N, et al. The strong
prognostic value of KELIM, a model-based parameter from CA 125 kinetics in ovarian
Frontiers in Oncology 12
cancer: data from CALYPSO trial (a GINECO-GCIG study). Gynecol Oncol. (2013)
130:289–94. doi: 10.1016/j.ygyno.2013.05.013

47. Morgan RD, McNeish IA, Cook AD, James EC, Lord R, Dark G, et al. Objective
responses to first-line neoadjuvant carboplatin-paclitaxel regimens for ovarian,
fallopian tube, or primary peritoneal carcinoma (ICON8): post-hoc exploratory
analysis of a randomised, phase 3 trial. Lancet Oncol. (2021) 22:277–88.
doi: 10.1016/S1470-2045(20)30591-X

48. Chen F, Shen J, Wang J, Cai P, Huang Y. Clinical analysis of four serum tumor
markers in 458 patients with ovariantumors: diagnostic value of the combined use of
HE4, CA125, CA19-9, and CEA in ovarian tumors. Cancer Manag Res. (2018) 10:1313–
8. doi: 10.2147/CMAR

49. Guo J, Yu J, Song X, Mi H. Serum CA125, CA199 and CEA combined detection
for epithelial ovarianCancer diagnosis: A meta-analysis. Open Med (Wars). (2017)
12:131–7. doi: 10.1515/med-2017-0020

50. Lertkhachonsuk AA, Buranawongtrakoon S, Lekskul N, Rermluk N, Wee-
Stekly WW, Charakorn C. Serum CA19-9, CA-125 and CEA as tumor markers for
mucinous ovariantumors. J Obstet Gynaecol Res. (2020) 46:2287–91. doi: 10.1111/
jog.14427

51. Lin YH, Wu CH, Fu HC, Chen YJ, Chen YY, Ou YC, et al. Prognostic
significance of elevated pretreatment serum levels of CEA and CA-125 in epithelial
ovarian cancer. Cancer biomark. (2020) 28:285–92. doi: 10.3233/CBM-201455

52. Sagi-Dain L, Lavie O, Auslander R, Sagi S. Clinical use and optimal cutoff value
of Ca15-3 in evaluation of adnexal mass: retrospective cohort study and review of the
literature. Am J Clin Oncol. (2018) 41:838–44. doi: 10.1097/COC.0000000000000383
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