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Introduction

Epithelial ovarian cancer (EOC), the third common genital 
cancer of females and the greatest threat to female health, 
accounts for 5% of all female cancer-related deaths (1-3). 
The deep position of ovary in the pelvic cavity, morbidity 
concealment and lack of reliable early diagnostics all lead to 
the insufficient diagnostic efficacy of ovarian cancer (OC) 
(4,5). The 5-year survival of OC is only 10–30%, while for 
early-stage OC, it is 80–95% (6,7). Therefore, developing 
early-diagnostic strategies is of vital significance to improve 
the prognosis of OC (7,8).

The diagnosis of OC is based on pelvic examination, 
imaging examination and evaluation of tumor markers (9). 
Pelvic examination, the routine inspection, has a poor 
diagnostic accuracy (10). Imaging examination (including 
ultrasound and magnetic resonance imaging) by experts 
is effective, but senior medical professionals are not 
ubiquitously available (11). Tumor marker evaluation is a 
noninvasive, simple, and reliable detective method (12). 
And several tumor markers have been proved effective for 
OC diagnosis, such as cancer antigen (CA) 125, CA199 
and human epididymis protein 4 (HE4) (13,14). Even with 
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these diagnostic methods, the prognosis of OC has not been 
improved significantly. Hence, effective diagnosis strategy is 
urgently needed for OC patients, especially for those with 
early-stage OC. 

Fibrinogen (Fib), a complex glycoprotein mainly 
synthesized by hepatocytes, is very stable in plasma (15). 
The disturbed fibrinolysis or pro-inflammatory cytokines 
caused by tumor can result in abnormal Fib level (15,16). 
Though Fib is not a common cancer marker, existing 
research shows that hyperfibrinogenemia is a risk factor for 
drug-resistance in chemotherapy and poor prognosis in OC 
patients (17,18). Hence, Fib is deemed as a diagnostic marker 
and included in this study. Abnormal platelet (PLT) counts 
have been spotted in 31–56% OC patients (19-21). Tumor-
derived interleukin-6 can increase hepatic thrombopoietin 
production, which has been proposed as the mechanism 
underlying the elevated PLT counts in OC (19). PLT count 
is included as the second candidate marker in this study 
considering its close relationship with OC. Homocysteine 
(Hcy) is synthesized from methionine (22). In clinical 
practice, a significantly higher plasma Hcy concentration 
is found in OC patients. And some studies indicate that the 
elevated level of Hcy is closely related to tumor progression 
of OC (23). Based on the abovementioned evidence, cancer 
antigen 125 (CA125), Fib, PLT and Hcy are identified as 
candidate diagnostic markers of OC for this study.

Timely diagnosis and treatment significantly enhance 
the prognosis for OC patients. The aim of this study is 
to assess the diagnostic value of the candidate markers 

and choose the optimal combination to establish a new 
diagnostic strategy for OC, particularly for early-stage OC. 
We present this article in accordance with the STARD 
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-23-908/rc).

Methods

Patients

From January 2018 to December 2019, 63 OC patients 
who met the inclusion criteria were included in the 
experimental group (EG), and 63 benign ovarian tumor 
patients were randomly selected as the control group (CG). 
All included patients were come from Women’s Hospital of 
Nanjing Medical University (Nanjing Maternity and Child 
Health Care Hospital). The diagnoses were confirmed 
by pathological examination which was performed by 
two independent pathologists. When the conclusion was 
inconsistent, a senior pathologist was introduced to review 
the results and make a final diagnosis. The clinical data of 
the patients were retrospective collected after the approval 
of the ethics committee. Indeterminate index test, reference 
standard results, missing data on the index test and 
reference standard were deleted. The inclusion criterion 
of OC was: OC. The exclusion criteria of OC were: (I) 
two or more cancers (simultaneous or past); (II) serious 
medical and surgical complications; (III) liver and blood 
system diseases. The inclusion criterion of benign ovarian 
tumor was: benign ovarian tumor. The exclusion criteria of 
benign ovarian tumor were: (I) serious medical and surgical 
complications; (II) liver and blood system diseases. This 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). Our study was approved by the 
Medical Ethics Committee of Women’s Hospital of Nanjing 
Medical University (Nanjing Maternity and Child Health 
Care Hospital) (No. 2022KY-018) and was registered at 
the Chinese Clinical Trial Registry (ChiCTR1900023149). 
Because of the retrospective study design, written informed 
consent was not required. 

Candidate marker serum concentration measurements

Preoperative CA125 concentration was measured using a 
COBAS 6000 analyzer (Roche, Basel, Switzerland) with 
the chemiluminescent reagent kit supplied by Roche. 
Preoperative Fib level was measured using a CA7000 
automated coagulation analyzer (Sysmex, Kobe, Japan) 
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with particular reagents. PLT and Hcy were measured by 
special equipment and matching kits. All measurements 
were performed at room temperature according to the 
manufacturer’s instructions and the technicians were 
blinded to the results of the histopathologic report.

Statistical analyses

IBM SPSS Statistics 23.0 (Chicago, IL, USA), GraphPad 
Prism 7.0 software (Version VII; La Jolla, CA, USA) and 
MedCalc Statistical Software version 15.6.1 (MedCalc 
Software bvba, Ostend, Belgium; https://www.medcalc.org; 
2015) were used to analyze the data. Normally distributed 
data were presented as mean and standard deviation (SD). 
Non-normally distributed data were presented as the 
median and interquartile range (IQR). The Mann-Whitney 
U test or t-test was implemented to assess the differences 
between groups. Count data were evaluated between 
groups using χ2-test. Logistic regression model analysis was 
employed to evaluate the relationship between candidate 
markers and OC to develop new diagnosis model. Hosmer 
Lemeshow χ2 test was used to assess the calibration of the 
model. The area under the receiver operating characteristic 
(ROC) curve (AUC) and Youden index were employed 
to assess the diagnostic efficacy of the candidate markers 
(24-26). The estimation of sensitivity (SN) and specificity 
(SP) was based on the ideal cut-off (27). P value <0.05 was 
considered statistically significant. We would like to provide 
our data to test the reproducibility of this study in other 

centers if such is requested.

Results

All patients were collected according to the process in 
Figure 1. The basic clinical data of all included patients are 
shown in Table 1 and Figure 1. The level of CA125, Fib, 
PLT and Hcy were significantly higher in OC patients 
(Figure 2A). Pathological types of all included patients are 
shown in Figure 2B.

Figure 3A exhibits the ROC results of candidate 
markers when used in the diagnosis of OC. The AUC of 
all candidate markers was larger than 0.5, implying that all 
candidate markers could be applied in the diagnosis of OC. 
Multivariate analysis demonstrated that the elevated levels 
of CA125 and Fib were related to OC (Figure 3B). Thus, 
a new diagnosis model combining CA125 and Fib was 
built. For the diagnosis model, the Hosmer-Lemeshow χ2  
(8 degrees of freedom) was 5.639 (P=0.688), giving no cause 
for concern over model fit or calibration.

CA125-Fib 1.433 Fib 0.023 CA125 5.624= ∗ + ∗ −  [1]

( ) ( ) ( )PP CA125-Fib Exp CA125-Fib 1 Exp CA125-Fib= +    [2]

ROC and Youden index were used to evaluate the 
diagnostic efficiency of CA125-Fib. The results showed 
that CA125-Fib was more effective in OC detection (Figure 
4A), with SN and SP up to 74.6% and 98.41% respectively. 
When CA125-Fib was used to detect OC of stage I–II, 
AUC and Youden index was as high as 0.853 and 0.624, 

Figure 1 A flow chart showing the ovarian cancer patient selection process.

Retrospective study

Ovarian cancer (N=71) Control group

Ovarian cancer (N=63)

Exclusion: 
• Incomplete data (N=3)
• History of tumor (N=4)
• Serious medical and surgical complications (N=1) 
• Liver and blood system diseases (N=0)

63 benign ovarian tumor patients with 
complete information who were treated 

at the same  
period in the hospitals

55 epithelial, 3 immature teratoma, 2 germ 
cell tumor, 3 ovarian carcinosarcoma

27 endometriosis, 20 mature teratoma,  
5 cystadenoma, 11 other

Benign ovarian tumors (N=63)

https://www.medcalc.org
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Table 1 Characteristics of the patient population

Characteristics EG (n=63) CG (n=63) P value

Age (years) 49.24 (12.325) 36.30 (12.980) <0.001

BMI (kg/m2) 23.473 (3.521) 22.104 (3.522) 0.031

CA125 (U/L) 219.8 (46.04–557.2) 17.04 (11.51–31.83) <0.001

Fib (g/L) 3.35 (2.661–4.62) 2.304 (2.065–2.646) <0.001

PLT (109/L) 273.0 (222.0–329.0) 221.0 (191.0–274.0) 0.001

Hcy (μmol/L) 8.32 (7.3–9.5) 7.59 (5.74–8.65) 0.004

Menopausal status <0.001

Premenopausal 29 53

Postmenopausal 34 10

Data are presented as mean (SD), median (IQR) or number. EG, experimental group; CG, control group; BMI, body mass index; CA125, 
cancer antigen 125; Fib, fibrinogen; PLT, platelet; Hcy, homocysteine; SD, standard deviation; IQR, interquartile range.
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Figure 2 Clinical information of 126 patients. (A) CA125, PLT, Hcy, and Fib level in patients in EG and CG; (B) pathological types of EG 
and CG. **, P<0.01; ***, P<0.001. CA125, cancer antigen 125; PLT, platelet; Hcy, homocysteine; Fib, fibrinogen; EG, experimental group; 
CG, control group. 

respectively (Figure 4B).
Subgroup analysis was also employed to study the 

application value of CA125-Fib in OC patients with 
different characteristics. The results displayed the 
advantages of CA125-Fib in diagnosing stage I–II, 
premenopausal and non-epithelial OC (Table 2).

Discussion

Assessing the probability of malignancy is a crucial step 
in the management of OC, since timely treatment is 
associated with more favorable prognosis and overdiagnosis 
may lead to unnecessary biopsies, radiation exposure, and 
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other secondary costs of screening. Differential diagnosis 
of OC has been proved more difficult in clinical practice. 
Small molecular markers for disease detection can provide 
sufficient information and are of great clinical value for 
the diagnosis of OC. Our study made an initial effort in 
exploring the potential of several small molecular markers 
and developing a new diagnostic model of OC. 

The levels of CA125, Fib, PLT and Hcy in OC were 
significantly higher compared to benign ovarian tumor, 
which was consistent with previous studies (17,28,29). 
Among the four small molecular markers included in our 
study, CA125 achieved the better predictive performance 
(AUC: 0.881). Fib showed a preferable predictive 

performance (AUC: 0.825), which was comparable to 
CA125. CA125 and Fib were more closely connected with 
the development of OC according to the multivariable 
logistic regression model. Thus, a new diagnostic model 
combining CA125 and Fib (CA125-Fib) was established. The 
AUC and Youden index of CA125-Fib were 0.924 and 0.730, 
revealing that CA125-Fib was an effective diagnostic model. 
Much to our delight and surprise, CA125-Fib also showed a 
desirable diagnostic value for early-stage OC (AUC: 0.853, 
Youden index: 0.624). In addition, the results of subgroup 
analysis also exhibited that CA125-Fib could be used for 
young OC patients. All results of this study suggested that 
CA125-Fib was preferable to CA125 or Fib alone. 
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Figure 3 The diagnostic value and correlation of candidate markers in ovarian cancer. (A) The relationship between candidate markers and 
ovarian cancer based on multivariate analysis; (B) ROC for individual candidate marker assays for ovarian cancer. CA125, cancer antigen 
125; Fib, fibrinogen; Hcy, homocysteine; PLT, platelet; ROC, receiver operating characteristic.

Figure 4 ROC, Youden index, SN and SP for CA125-Fib. (A) All ovarian cancer patients as EG; (B) patients with stage I–II ovarian cancer 
as EG. SN, sensitivity; SP, specificity; ROC, receiver operating characteristic; CA125, cancer antigen 125; Fib, fibrinogen; EG, experimental 
group.
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Table 2 The AUC, Youden index, sensitivity and specificity of CA125-Fib in the diagnosis of ovarian cancer patients with different clinical 
characteristics

Characteristics AUC (95% CI) Youden index Sensitivity (%) Specificity (%)

EG (63 patients) vs. CG (63 patients) 0.924 (0.863–0.963) 0.730 74.6 98.41

FIGO

I–II (27 patients) vs. CG (63 patients) 0.853 (0.763–0.919) 0.624 81.48 80.95

III–IV (36 patients) vs. CG (63 patients) 0.977 (0.924–0.996) 0.861 86.11 100

Pathologic type

Epithelial (55 patients) vs. CG (63 patients) 0.942 (0.882–0.978) 0.801 81.63 98.41

Non-epithelial (8 patients) vs. CG (63 patients) 0.847 (0.747–0.920) 0.640 84.62 79.37

Menopausal status

Premenopausal (29 patients) vs. CG (63 patients) 0.911 (0.834–0.961) 0.743 75.86 98.41

Postmenopausal (34 patients) vs. CG (63 patients) 0.934 (0.865–0.975) 0.735 73.53 100

AUC, area under the receiver operating characteristic curve; CA125, cancer antigen 125; Fib, fibrinogen; CI, confidence interval; EG, 
experimental group; CG, control group; FIGO, International Federation of Gynecology and Obstetrics.

In summary, this study proved the value of Fib in 
diagnosing OC. And the combination of CA125 and 
Fib could make up for the insufficiency of CA125 in the 
diagnosis of early-stage OC. Our study has some limitations 
due to its retrospective, single-center design and small 
sample size. Yet, it offers a new method for the early 
detection of OC, which needs further verification in the 
future. 

Study limitations 

This study has certain limitations. First, it is a retrospective 
clinical study and second, results were not replicated in 
independent populations.

Conclusions

This study confirms that Fib can be used to diagnose 
ovarian tumors. Furthermore, when Fib is combined with 
CA125, it further enhances its application value. This 
improvement may not have a significant impact on the 
patient’s prognosis; however, it can offer valuable insights 
for future research, suggesting that common biomarkers 
may have a greater impact in new areas.
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