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Background: This study aimed to investigate the value of CA125 dynamic change in PFS prediction for patients with epithe-
lial ovarian carcinoma (EQC).

Material/Methods: Data analysis was performed using SPSS 24.0 statistical software with progression-free survival (PFS) as an
outcome measure. Kaplan-Meier method was used to analyze the relationship between PFS and preoperative
and postoperative NLR, PLR and CA125 levels, CA125 half-life, CA125-negative time, age, FIGO stage, histopa-
thology, differentiation, vessel carcinoma embolus, and ascites. The survival curves were compared by the log-
rank test. Based on the results of single-factor analysis, the Cox model was used for multifactor analysis to an-
alyze independent risk factors affecting the PFS of epithelial ovarian carcinoma.

Results: A total of 117 patients with EOC were selected from January 2012 to January 2019 to carry out a retrospec-
tive study. Univariate analyses showed that PFS of the patients with EOC was associated with differentiation,
vessel carcinoma embolus, FIGO stage, CA125 half-life, CA12- negative time, and preoperative NLR (P<0.05).
Multivariate analysis by the Cox model showed that vessel carcinoma embolus, CA125 half-life, differentiation,
and preoperative NLR are the independent risk factors for PFS in patients with EOC.

Conclusions: The serum CA125 dynamic as reflected by CA125 half-life is the most important independent prognostic fac-
tor in patients with EOC. The simplicity of CA125 monitoring and its correlation with EOC patient survival can
identify patients with poor prognosis through monitoring CA125 half-life, which can provide a reference value
for use in clinical practice.
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Background

Among gynecologic malignancies, ovarian carcinoma had the
highest rate of morbidity, and about 75% of these patients
have advanced to the late stage by time of diagnosis (FIGO
[Ib-1V) [1]. Among them, EOC is the most common, occurring pri-
marily in women aged 50-60 years and accounting for 85-90%
of ovarian carcinoma cases. The main treatment options for
ovarian carcinoma are tumor cytoreductive surgery and post-
operative adjuvant chemotherapy. After satisfactory tumor cy-
toreductive surgery and chemotherapy, the complete remis-
sion rate can be more than 70%, but the recurrence rate is as
high as 80% [2]. Although the relapsed patients may achieve
clinical remission after re-treatment, the overall prognosis is
still poor and the 5-year survival rate generally does not ex-
ceed 30% [3]. Study results show that a longer remission pe-
riod of ovarian carcinoma recurrence is associated with lon-
ger survival time [4]. Therefore, it would be useful to be able
to predict and evaluate the prognosis early and correctly in
patients with clinically complete remission (CCR) after stan-
dard treatment, which would assist clinically stratified treat-
ment and ultimately improve prognosis.

In 1981, Bast et al. reported the identification of CA125 mono-
clonal antibodies produced by mice immunized with ovarian
carcinoma cell lines [5]. Subsequently, radioimmunoassay was
developed against the target antigen, CA125, and ovarian car-
cinoma patients showed elevated serum CA125 levels in 82%
of cases, compared to 1% in healthy controls [6]. Also, many
investigators have noted that elevated or decreased CA125
levels are associated with progression or regression of the
disease, suggesting that CA125 is important for monitoring
treatment response in patients with EOC. Serum CA125 has
important clinical value in monitoring chemotherapy response
and predicting recurrence [7].

However, the specificity of serum CA125 is poor. As the inci-
dence of epithelial ovarian cancer increases and patients tend
to be younger, fertility-preserving surgery and treatment meth-
ods are becoming more common, and finding more sensitive
and specific prognostic indicators is becoming more and more
important [8,9]. In patients with ovarian carcinoma, tumor bur-
den can be significantly reduced by tumor cytoreductive sur-
gery, and the decrease in serum CA125 is associated with fewer
tumor cells. If epithelial ovarian cancer tissue is cleared, CA125
will turn negative. It is expected that the dynamic monitoring
of CA125 during treatment will be of great value in the evalua-
tion of treatment effects and prognosis. Serum CA125 dynam-
ic changes are associated with decreased CA125 levels during
treatment, and a rapid decline predicts a favorable prognosis,
which can be expressed as the half-life and CA125-negative
time [10]. Several multivariate analyses showed that the half-
life and lowest concentration of CA125 during neoadjuvant
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chemotherapy were independent prognostic factors in EOC
patients [11-14]. Other research suggests that serum CA125
concentrations are a strong independent predictor of the first
2 platinum-based chemotherapy cycles after suboptimal late
ovarian cancer cytoreductive surgery [15]. Finally, research
showed that the baseline CA125 serum level before the on-
set of first-line chemotherapy and maintenance chemother-
apy after cytoreductive surgery were independent risk factor
of recurrence and survival [15].

Although the prognostic significance of elevated CA125 lev-
els before, during, and after comprehensive treatment of pa-
tients with EOC is clear, there is limited understanding of se-
rum CA125 dynamic changes. Due to the complex dynamics
of CA125, mainly due to factors such as surgical trauma and
residual tumor burden of CA125-secreting cells, there is less
concern about dynamic changes in CA125. Some studies re-
ported that perioperative CA125 levels are associated with
the size of residual lesions after tumor cell depletion [16-18].
Others have observed that use of CA125 improves accuracy
in predicting residual disease [19,20]. Therefore, the clinical
value of serum CA125 dynamics in the treatment of EOC pa-
tients needs further research. Based on this background, the
present study was designed to investigate and evaluate the
value of CA125 dynamics change in PFS in patients with EOC.

Material and Methods

Patients

Clinical data of patients with EOC who underwent treatment
at Zhongda Hospital, Southeast University, and Jiangsu Cancer
Hospital, Nanjing Medical University, were retrospectively col-
lected from January 2012 to January 2019. All patients were
diagnosed as having EOC by surgical pathology.

Case inclusion criteria were: 1) initial cytoreductive surgery;
2) satisfactory cytoreductive surgery, residual tumor maximum
diameter <1 cm; 3) postoperative platinum-based combined
first-line chemotherapy regimen; 4) patients who were eval-
uated for tumor progression after clinical complete remission
(CCR) after treatment; 5) complete clinical and pathological
data. Case exclusion criteria were: 1) incomplete clinical and
pathological data; 2) evidence of acute/chronic infection or
severe bleeding before surgery; 3) with hematological malig-
nancies; 4) perioperative death due to surgical complications.

Follow-up and data collection
The patient or family members were followed up by regular

telephone calls, and the patient’s condition, treatment sta-
tus, and current living status were recorded. The patient’s
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previous medical examination, diagnosis, and treatment were
reviewed through the hospital’s electronic medical record sys-
tem. The starting point of follow-up was the patient’s first ad-
mission time. From the follow-up date to January 2019, pa-
tients who failed to follow-up were excluded. Demographic
and clinical data were retrospectively collected from person-
al medical records.

The data collected included: preoperative and perioperative
CA125 levels, the first normal CA125 value and time (if CA125
did not fall to normal within 3 months after the start of che-
motherapy, we used the lowest value within 3 months). At the
same time, the information on the patient’s age, pathologi-
cal type, FIGO stage, degree of differentiation, presence or ab-
sence of ascites, perioperative blood routine examination re-
port, and vascular tumor thrombus were collected. All these
patients were pathologically diagnosed or confirmed accord-
ing to the WHO classification guidelines by expert patholo-
gists. Multidisciplinary assessments were performed by gyne-
cologic oncologists, surgeons, and pathologists based on the
2014 revised FIGO staging criteria. During the treatment or
review follow-up, disease progression was confirmed by clini-
cal imaging or pathology, and the time of disease progression
and the cause of disease progression were recorded in detail.

The calculation formula [10] for the half-life of CA125 is
(t2-t1)/2log (c1/c2), in which c1 is the level of CA125 before
surgery, c2 is the first normal level after surgery (if the normal
value is not restored within 3 months postoperatively, the low-
est value after surgery is taken), and t1 and t2 are the corre-
sponding time-points. CA125-negative time refers to the time
required for postoperative serum CA125 level to fall to normal.

Statistical analysis

All data were analyzed using IBM SPSS Statistics (Version
24.0; IBM Corp., Armonk, NY, USA). Differences between clin-
ical characteristics and response rates were analyzed with
the y2 test or one-way analysis of variance (ANOVA). The crit-
ical value of preoperative NLR and preoperative PLR was de-
termined by the ROC curve. Survival analysis was performed
by Kaplan-Meier method, and prognostic factor analysis was
performed using the Cox regression model. p <0.05 was con-
sidered statistically significant.

Results

Clinicopathological characteristics

Clinicopathological characteristics are listed in Table 1. A to-
tal of 195 patients with complete clinical data and follow-up
records were included in the inclusion criteria. PFS refers to
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the time from the initial treatment to the time of tumor pro-
gression. We included 117 patients with PFS (1.3 to 59.7 days)
in the study. The half-life of CA125 was calculated according
to the calculation formula provided by Buller [10]. Using ROC
curve analysis, when NLR=2.96, the Youden index was at most
0.41, and the critical point of NLR was determined to be 2.96.
The sensitivity of evaluating ovarian cancer patients without
disease progression was 64.1%, and the specificity was 76.9%.
The area under the curve (AUC) was 0.667. The same meth-
od calculated that when the critical point of PLR was 221, the
Youden index of 0.547 was the largest, and the sensitivity of
evaluating ovarian cancer patients without disease progres-
sion was 70.1%, the specificity was 84.6%, and the AUC was
0.777 (Figure 1).

Prognostic factors analyses

Univariate analyses showed that PFS of the patients with EOC
was associated with differentiation, vessel carcinoma embolus,
FIGO stage, CA125 half-life, CA125-negative time, and preop-
erative NLR (P<0.05) (Table 1). According to the results of uni-
variate analysis, the survival curves of the 2 exposure levels
of each risk factor were performed by Kaplan-Meier meth-
od (Figure 2). If the survival curves existed, the Cox surviv-
al analysis could not be applied. The results showed that the
relevant factors could be included in the Cox survival analy-
sis. Multivariate analysis by the Cox model showed that ves-
sel carcinoma embolus, CA125 half-life, differentiation, and
preoperative NLR were the independent risk factors for PFS in
patients with EOC (Table 2). The serum CA125 dynamic as re-
flected by CA125 half-life is the most important independent
prognostic factor in patients with EOC. The relative risk of dis-
ease progression in EOC patients with a serum CA125 half-
life >20 days was 1.766 times that of EOC patients <20 days.

Discussion

EOC is the second most common gynecological cancer in the
world. Globally, there were approximately 230 000 new cas-
es in 2012 and the death toll was 150 000 [21]. Primary cy-
toreductive surgery and platinum-based adjuvant chemo-
therapy are still the criterion standard treatment for EOC
patients [22]. However, most of these patients were diagnosed
in the advanced stage, and half of the patients relapsed with-
in 16 months, with a 5-year overall survival rate of less than
50% [23-26]. The International Federation of Obstetrics and
Gynecology (FIGO) has identified some survival predictors for
EOC patients, including age at diagnosis, stage, histological
grade, residual tumor, ascites, functional status score (PS), and
CA125 levels [27-29]. However, biomarkers that are effective
for individualized prediction of treatment outcomes and prog-
nosis are still urgently needed [24].
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Table 1. Clinicopathological characteristics and Univariate analyses of the factors for progression-free survival.

Clinicopathological characteristics Mean PFS (95% Cl)
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Table 1 continued. Clinicopathological characteristics and Univariate analyses of the factors for progression-free survival.

Clinicopathological characteristics

Mean PFS (95% Cl)

Postoperative NLR change 1.282 0.257
Increase 54 19.16  (15.70~22.61)
Decrease 63 21.84 (18.36~25.32)
Preoperative PLR 2.674 0.102
<221 35 17.17  (12.59~21.75)
5221 82 22.07 (19.18~24.95)
Postoperative PLR change 0.890 0.345
Increase 61 18.82  (15.49~22.16)
Decrease 56 22.53  (18.93~26.14)
tumor response in chemotherapy. Studies have shown that lon-
10 ROCaurve ger patient survival is associated with decreased CA125 lev-
j els [33]. In patients with ovarian carcinoma, tumor burden can
T be significantly reduced by tumor cytoreductive surgery, and
081 the decrease in serum CA125 level is consistent with the de-
crease in the number of tumor cells. If epithelial ovarian cancer
06 tissue is cleared, CA125 turns negative. The dynamic monitor-
= ing of CA125 during treatment is expected to be of great value
= Curve in the evaluation of treatment effects and prognosis. A study
& 044 - E’eoPefa?VE gLLS investigated the relationship between perioperative changes
— Freoperative
Refefence“ne in serum CA125 levels and PFS, and results showed that de-
024 crease of serum CA125 levels >80% after surgery is an inde-
’ pendent prognostic factor for PFS [34]. Markman et al. [35]
studied 101 patients with advanced EOC to investigate the
0.0 ' . : : correlation between CA125 and prognosis, finding that the pa-
00 0.2 04 06 08 10 tients with a reduction of serum CA125 >50% after 2 cycles of
1-Spedificity chemotherapy had a more favorable prognosis. Another study
showed that in both the postoperative intravenous chemother-

Figure 1. The ROC curve of preoperative NLR and PLR optimal
cut-off points.

CA125 is currently the most widely used tumor marker for the
diagnosis of EOC [7,30-32]. It is a glycoprotein with a molec-
ular weight of 200 000, encoded by the MUC16 gene. It origi-
nates from the fetal body cavity epithelial tissue and is widely
distributed in mesothelial cells (including peritoneum, pleura,
pericardium), Miller tube epithelium (including fallopian tubes,
endometrium, and endocervix), and tumors (including ovar-
ian epithelial cancer, fallopian tube cancer, endometrial can-
cer, cervical cancer, and mesothelioma). CA125 rarely exists
in normal clinical tissues, but serum CA125 levels are elevat-
ed in patients with EOC.

CA125 is widely used in the diagnosis and follow-up of ovarian
carcinoma due to its low cost and simple operation. Clinically,
routine measurement of serum CA125 levels is used to monitor

apy group and the postoperative intraperitoneal chemotherapy
group, the CA125 value above 35 U/mL after the first-line che-
motherapy indicated that the condition was not controlled [36].
A study of patients with advanced EOC who achieved CCR af-
ter treatment confirmed that CA125 was related to progno-
sis [37]. Groups with CA125 greater than 10 U/mL had signif-
icantly shorter PFS than those with less than 10 U/mL [15].
Rocconi et al. [38] found that after 3 cycles of chemotherapy,
patients with CA125 levels that did not fall to normal values
had a significantly worse prognosis than patients with normal
values. Nyvang et al. [39] reported that serum CA125 level af-
ter 3 chemotherapy cycles is the most important prognostic
predictor for patients with EOC.

CA125 is secreted by ovarian carcinoma cells, and its level is
related to tumor size. After the cancerous tissue is removed,
CA125 should be negative. Therefore, the dynamic detec-
tion of CA125 can determine treatment efficacy and monitor
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Figure 2. Kaplan-Meier curves depicting PFS according to vessel carcinoma embolus (A), differentiation (B), FIGO stage (C), CA125 half-
life (D), CA125-negative time (E), and preoperative NLR (F).

Table 2. Multivariate Cox hazard model analysis of factors associated with progression-free survival in patients with epithelial ovarian

carcinoma.
Factors B Wald HR (95% CI) P
Vessel carcinoma embolus 0.544 7.368 1.722 (1.163~2.550) 0.007
Differentiation 0760 418 2139 (1440-3178) 0000
A5 halflife 0569 7981 1766 (1190-2620) < 0005
PreoperativeNLR 0635 9469 1887 (1259-2828) 0002

disease progression. Serum CA125 dynamic is a rate of de-
crease of CA125 levels during treatment, and a rapid decline
predicts a favorable prognosis, which can be expressed as the
half-life [10]. In this study, we investigated the connection be-
tween PFS in patients with EOC and preoperative CA125 values,
postoperative CA125 changes, CA125 half-life, CA125-negative
time, CA125 level, and CA125 half-life. CA125-negative time
was associated with better PFS in patients with EOC (P<0.05).
Multivariate analysis of the Cox hazard model of factors of pro-
gression-free survival in patients with EOC showed that CA125
half-life was the independent risk factor. The relative risk of
disease progression in ovarian cancer patients with a CA125

half-life of >20 days is 1.766 times that of ovarian cancer pa-
tients with a CA125 half-life of <20 days. The best correlation
between CA125 half-life and survival was obtained using the
formula provided by Buller et al. [10], who found that a long
half-life of CA125 predicted a lack of disease progression and
a response to chemotherapy. Van der Burg et al. [11] found
that patients with a CA125 half-life of >20 days had a 3.2-fold
higher rate of progression compared to those with a CA125
half-life of fewer than 20 days (p=0.01) and had a significant-
ly shorter median PFS (11 months vs. 43 months).
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Conclusions

EOC patients often have no specific symptoms and signs in the
early stage, so most of them have reached the advanced stage
when diagnosed. Although the treatment of EOC has been grad-
ually standardized, the recurrence rate of advanced-stage pa-
tients is still high. Therefore, evaluating the curative effect and
finding signs of recurrence as soon as possible are important
parts of the treatment process. This study assessed the value
of serum CA125 dynamic changes in evaluating the PFS of EOC
patients. The results show that the dynamic change in serum
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CA125, reflected by the half-life of CA125, is the most impor-
tant independent prognostic factor in EOC patients. Dynamic
monitoring of CA125 levels can predict recurrence, allows time-
ly adjustment of the individualized treatment plan, and could
ultimately improve the prognosis of EOC patients. It is simple,
inexpensive, and is suitable for clinical use.
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