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Abstract

The fatality rate of ovarian cancer (OC) is the highest, and the 5-year survival
rate is only 50.8%. For more than 40 years, CA125 has been the most con-
cerned and widely used biomarker of OC in clinical practice. In recent years,
many researchers have proposed a reliable strategy of multiple markers com-
bined with CA125 to screen OC to make up for the lack of accuracy of
CA125, redefine the biochemical recurrence threshold of CA125, and use
mathematical model scores to provide help for the feasibility of treatment and
survival prognosis. To fully understand the role of CA125 in OC screening,
initial treatment, and recurrence prediction, and summarize the limitations of
CA125, this review has summarized the new progress of CA125 in the diag-
nosis and treatment of OC in recent years which can also provide a reference
for clinicians.
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1. Introduction

Ovarian cancer (OC) is the third most common malignant tumor of the female
reproductive tract, with a 5-year survival rate of only 50.8% [1]. There were
313,959 new cases of OC in the world in 2020, and 207,252 women died of OC
worldwide [2]. The 5-year survival rate of patients with early stage of OC (FIGO
I and II) is about 92%, while that of patients with advanced OC (FIGO III and
IV) is only 29% [3]. Many biomarkers of OC have become popular research top-
ics, among these biomarkers, CA125 plays the most important role in the screen-
ing, monitoring, and treatment of OC. CA125, also known as carbohydrate an-
tigen 125, is a high molecular mucinous glycoprotein found on the surface of OC

cells. It is quantitatively detected in the serum of patients with OC. In 1981, Bast
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described CA125 for the first time [4]. In 1983, CA125 was first proposed as a
tumor marker for the diagnosis of epithelial ovarian cancer (EOC) [5]. The com-
mon measurement of CA125 is the electrochemiluminescence immunoassay me-
thod (ECLIA), and the reference interval of serum CA125 detection may be dif-
ferent due to different methods, instruments, and reagents. Each laboratory should
establish its reference interval according to reagent instructions and clinical prac-
tice; however, most of them use 35 U/ml as the threshold of serum CA125.
CA125 was positively correlated with tumor load and FIGO stage, which can be
reflected that serum CA125 levels increased in 50% of patients with early OC
and 92% of patients with advanced OC [6]. Since CA125 was used in the clinical
diagnosis and treatment of OC, its research on OC screening, efficacy monitor-
ing, and recurrence prediction has been continuously deepened. Up to now, as
the most representative biomarker of OC, CA125 may still have great potential
value to be explored. This review aims to summarize the new progress of CA125
in the diagnosis and treatment of OC in recent years and provide clinicians with

guidance strategies for reference.

2. CA125 Screening for Ovarian Cancer

Patients with early stage have few symptoms, and a series of non-specific symp-
toms will appear with the progress of the disease, including abdominal disten-
sion, abdominal pain, frequent urination, urgent urination, and so on. To ad-
vanced ovarian cancer, there may be significant weight loss and intestinal ob-
struction [7]. CA125 is one of the biomarkers used to monitor EOC. It has been
used to screen patients of OC in general women and to distinguish malignant
ovarian diseases from benign ovarian diseases. A variety of tumor biomarkers,
imaging examination, and risk of ovarian malignancy algorithm (ROMA) are
the focus of early diagnosis of OC. ROMA index makes up for the deficiency of
the single use of CA125 and reduces missed diagnosis: compared with the single
use of CA125, ROMA improves the sensitivity of identifying ovarian cancer
from benign gynecological diseases. For every 10 patients with OC, ROMA could
detect one more missed diagnosis of patients with OC caused by the single use of
CA125. In addition, some related studies pointed out that the sensitivity of
ROMA in identifying FIGO I and II of malignant ovarian tumors was improved
by 10% compared with the single use of CA125. However, the performance of
CA125 in postmenopausal women was better than that of ROMA and HE4: in
the study by Van Gorp, the performance of ROMA and HE4 did not improve
the diagnosis of OC [8]. Compared with CA125, ROMA performed better in
premenopausal women, which may be because the HE4 of premenopausal women
in benign diseases did not increase [9].

Many physiological factors would affect the serum concentration of CA125.
Pauler analyzed the factors leading to CA125 fluctuations in healthy women.
African and Asian women, caffeine intake, smoking, and post-hysterectomy

CA125 levels were lower, among which race was an independent factor affecting
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CA125 levels [10]. Pelvic and abdominal inflammatory stimulation is related to
the increase of CA125 level, so CA125 can be used as routine monitoring for the
diagnosis of moderate and severe endometriosis [11]. Excessive adipose tissue is
related to the increase in CA125 level. Obese women lose weight successfully af-
ter laparoscopic sleeve gastrectomy, and the CA125 level decreases significantly
[12]. In addition, elevated CA125 was also observed in heart failure, liver cirrho-
sis, and coronary heart disease [13]. In the Moss study, 80% of women with ele-
vated CA125 levels were healthy and without OC [14]. Therefore, there is a high
false positive rate in screening OC with CA125, which may bring unnecessary
psychological burden to healthy women.

To improve the accuracy of CA125 diagnosis, many studies began to explore
the combination of CA125 and other biomarkers for screening. Many studies
have shown that human epididymal protein 4 (HE4) is more specific and sensi-
tive than CA125 in diagnosis [15] [16]. However, the level of HE4 increases with
age, and the level of HE4 in postmenopausal women is often higher. The reason
is that HE4 is more effective in premenopausal women and CA125 is better in
postmenopausal women [17]. CA125 combined with HE4 is still the most effec-
tive biological diagnostic tool for OC [18]. Besides, a multivariate index of five
markers (CA125, transferrin, transthyretin, apolipoprotein Al, and beta 2 mi-
croglobulin) [19], second-generation multivariate index of five new markers
(CA125, transferrin, apolipoprotein Al, follicle-stimulating hormone, and HE4)
[20], symptom index of several non-specific symptoms (abdominal pain, abdo-
minal distension, enlarged abdominal circumference, difficulty in eating or fast
reading fullness more than 12 times a month) [21], and multiple markers (CA125,
CA72-4, CA15-3, M-CSF) combined with artificial neural network [22] have
been reported to improve the accuracy of diagnosis of CA125. Multiple strategies
of combining CA125 with other biomarkers can improve the ability to screen for
OC, but the cost and economic benefits of CA125 in postmenopausal women are

still better than most new tumor markers.

3. CA125 with the Primary Treatment of Ovarian Cancer

There were differences in the expression of CA125 in different histopathological
subtypes of OC. The expression of CA125 was higher in serous tumors and low-
er in mucinous tumors [23]. Compared with other subtypes, CA125 expression
is higher in high-grade serous carcinoma (HGSC) and endometrioid carcinoma
[24]. According to the different developmental characteristics and prognosis of
different subtypes of EOC, the theory of the dualistic mechanism of OC [25] [26]
has been gradually accepted. Type I of OC develops gradually from borderline
tumors, and patients are usually younger and often at an early stage (FIGO I and
IT). The level of CA125 in patients with type II of OC was significantly higher
than that in patients with type I, and the fluctuation of CA125 in type II was
more severe than that in type I [27]. LU measured 14 biomarkers of OC in se-

rum. CA125 had the highest recognition in type II patients when compared with
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the healthy control group [27].

In recent years, the use of mathematical modeling in the initial stage of disease
in CA125 to guide treatment decisions and predict survival has become a hot
spot in the field of OC. Through Logistic regression and Cox regression analysis,
multiple prediction indicators were integrated into the Nomogram which repre-
sented that a scale chart was used to visualize the prediction model. Peng col-
lected the clinical data of 2465 patients with HGSC to construct a line chart to
predict overall survival (OS) and cancer-specific survival (CSS) [28]. Clinicians
can use this model to evaluate the prognosis of patients. Another mathematical
model directly uses CA125 kinetic parameters to calculate the extent of CA125
decline, which has another name—CA125 elimination rate constant K (KELIM
score). Colomban reviewed and evaluated the data of 2868 patients with OC in
three randomized trials [29]. The predictive index of the KELIM score for PFS
and OS was higher than that of the GCIG response [29]. KELIM can be used as
an early sensitive marker for the initial treatment of OC. You proposed that the
KELIM score calculated during neoadjuvant chemotherapy (NACT) can predict
the probability of satisfactory tumor reduction during interval debulking surgery
(IDS), which is an important parameter for IDS decision-making [30]. KELIM is
strongly associated with the likelihood of complete IDS, subsequent platinum-
free interval, progression-free survival, and overall survival, along with the effi-
cacy of maintenance treatment with bevacizumab or veliparib [31]. Moreover, it
could be used to identify the patients with poorly chemosensitive diseases, who
will be the best candidates for innovative treatments meant to reverse chemore-
sistance, such as cell cycle inhibitors or immunotherapy [31]. At present, there
are retrospective studies related to KELIM, and there is still a lack of large-scale
prospective random studies to confirm the value of KELIM. Clinicians can get
patients’ KELIM scores through online access and calculators, which can provide

help with surgical feasibility and chemotherapy strategies.

4. CA125 with Recurrent Ovarian Cancer

25% of patients with early stage and more than 80% of patients with advanced
ovarian cancer would relapse [32]. The 5-year and 12-year survival rates of re-
current OC were lower than 30% and 5%, respectively [33]. The patients were
followed up after the initial treatment, the follow-up including physical exami-
nation, imaging examination, and tumor marker monitoring. About 80% to 90%
of relapses can be diagnosed by physical examination and serum CA125 [34].
CAI125 indicates the remission and recurrence of the disease. The postoperative
serum CA125 concentration higher than 35 U/ml may indicate that there are re-
sidual lesions or are not sensitive to chemotherapeutic drugs after tumor reduc-
tion. During the actual follow-up, in the absence of imaging evidence and clini-
cal recurrence evidence, most patients with EOC would have a simple increase in
tumor markers. Some scholars call this “Biochemical Relapse”. The average in-

terval between the end of initial treatment and the occurrence of Biochemical
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Relapse in EOC patients was 10.8 months [35], and the progression of Biochem-
ical Relapse to clinical relapse was about 2 to 5 months [32]. In 2011, The Inter-
national Group of Gynecological Oncology Cooperation (GCIG) defined the
standard of CA125 recurrence: CA125 increased to 2 times the lowest value with
persistently elevated levels =35 U/ml after primary treatment, or CA 125 in-
creased to 2 times that of 35 U/ml with CA125 levels fell to 35 U/ml after prima-
ry treatment [36]. It is also pointed out that both RECISTI 1.1 and CA125 crite-
ria should be used to evaluate the progression or recurrence of OC [36].

For many years, many clinicians have regarded only the increase of CA125 as
the basis for starting secondary recurrence treatment in the absence of imaging
recurrence and clinical recurrence evidence. In the study of Rustin, patients with
elevated CA125 and no evidence of clinical recurrence were included in the
“early treatment group”, and patients with elevated CA125 and clinical evidence
of recurrence were included in the “delayed treatment group” [35]. It was found
that the early treatment group had no obvious survival advantage but decreased
the quality of life of the patients [35]. As available data show that chemotherapy
does not benefit from survival immediately after Biochemical Recurrence, the
NCCN guidelines recommend that treatment be postponed until clinical recur-
rence [37].

However, there were still some patients with asymptomatic recurrence of
CA125 within the normal range (<35 U/ml). Unpublished data from the first af-
filiated Hospital of Chongqing Medical University show that 19.8% of patients
with platinum-sensitive recurrent (PSR) serous ovarian cancer had imaging re-
currence when the CA125 level was lower than 35 U/ml. In an Italian retrospec-
tive study, only 23.3% of the 331 patients with asymptomatic recurrence were
diagnosed with CA125 alone [38]. Persistent CA125 levels lower than 35 U/ml
can not completely rule out the risk of recurrence, because the critical value of
35 U/ml is not sensitive enough. The critical value of CA125 to define OC re-
currence has been questioned. With the continuous development of precision
medicine, imaging examination can find smaller lesions, which represents that
relapse lesions can be found at lower CA125 levels than 35 U/ml. To overcome
this defect, many studies have begun to adjust the threshold of CA125 to moni-
tor the recurrence of OC. Wang found that the increase of CA125 to 1.68 times
the lowest value can be used as an indicator of recurrence in patients with com-
plete release of OC after initial treatment [39]. Levy proposed that the elevation
of CA125 to 20 U/ml was an important predictor of recurrence [40]. Qin Xue
suggested that the lowest value of CA125 > 15 kU/L after initial treatment pre-
dicted early recurrence of OC [41]. Although there have been many studies to
explore the relationship between CA125 and recurrence in recent years, the con-
clusions were still inconsistent. The critical value of OC recurrence defined by
CA125 is still a prospective large sample trial to verify.

In addition to exploring the relationship between CA125 and Biochemical

Recurrence, CA125 levels could also determine when to conduct imaging evalu-

DOI: 10.4236/jbm.2024.125004

39 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.125004

K. W.Du, J. Y. Tang

ation, improve the possibility of optimal secondary tumor reduction, and predict
survival time. Giuliani suggested that a CT examination should be performed in
time to evaluate recurrent lesions when the level of CA125 was higher than
10.5% [42]. Qin Xue found that when CA125 increased 3 times in a row within
the normal range (within 35 kU/L) after initial treatment, an early recurrence
should be confirmed by timely imaging examination [41]. A French multicenter
study suggested that a minimum value of CA125 lower than 20 kU/L was closely
associated with longer OS and disease-free survival (DFS) [43]. Fleming sug-
gested that twice the lowest value of CA125 appeared for the first time during
follow-up after initial treatment, and that every week delay resulted in a 3% in-
crease in the probability that secondary cytoreduction surgery did not reach RO
[44]. Local micro-recurrence, local micrometastasis, micro-lymph node metasta-
sis, and isolated tumor cells may cause fluctuations in serum CA125 levels.
However, the tumor size is too small to be detected by imaging or physical ex-
amination. The degree of CA125 fluctuation provides substantial evidence for
imaging evaluation and secondary tumor reduction and provides the possibility
of finding potential recurrence and appropriate timing of operation for patients
with OC.

5. Conclusion

CA125 plays an important role in the screening, initial treatment, and recur-
rence prediction of OC. It is the most concerned and widely used biomarker in
clinical practice. However, due to the high false positive rate and false negative
rate of CA125, many researchers have proposed a reliable strategy for screening
OC with multiple markers combined with CA125. Such strategies with low ma-
neuverability, poor economic applicability, and other factors, are limited with a
lack of clinical application value. 35 U/ml should not be regarded as the absolute
critical value of recurrence estimated by CA125. There is still a risk of recurrence
when it is lower than 35 U/ml. At present, the conclusion of the researchers is
still not unified, and a large sample prospective trial is still needed to define the
recurrence threshold of CA125. In addition, CA125 can be used as a predictor of
treatment strategy and prognosis. The decreasing rate and trend of CA125 after
surgery and chemotherapy the mathematical model was used to calculate the
score to provide help for the feasibility of treatment and survival prognosis. To
sum up, as a representative biomarker of OC to benefit most patients with OC,
CA125 still has great scientific research and clinical potential, which needs more

attention and energy to explore.
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