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Introduction

Ovarian cancer (OC) is the leading cause of gynecological 
cancer-associated death; indeed, according to reports 
from the National Cancer Institute (NCI), about 140,000 
people die each year from OC worldwide (1). This disease 
is named the “silent killer” related to the fact that cancer 
becomes widespread without the occurrence of symptoms, 
and even if they are present (2), these symptoms are shared 
with a variety of more common benign gastrointestinal, 
genitourinary and gynecological conditions, making them 
difficult to attribute to ovarian cancer (3,4). When the 
disease is detected in stage I (still limited to the ovaries), 
according to the International Federation of Obstetrics and 
Gynecology (FIGO) classification (5), up to 90% of patients 

can be cured successfully with currently available surgery 
and chemotherapy (6). Even when the disease has spread 
to the pelvis in stage II, 70% of patients can be cured, but 
when the disease has spread throughout the abdominal 
cavity or beyond can be cured in less than 20% of cases. 
Unfortunately, despite the improvement in overall survival 
for OC patients, a fraction of patients with advanced-stage 
disease fails to respond to primary therapy and relapses in 
70% of cases (7-9).

On account of the high recurrence probability and the 
poor outcomes after recurrence, there is an urgent need to 
predict progression as early as possible and found strategies 
to early recognize and prevent recurrence (10). Transvaginal 
ultrasonography and cancer antigen 125 (CA-125) are the 
common methods for the detection of ovarian cancer, and 
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biomarkers as CA125, Human epididymis protein 4 (HE4), 
apolipoprotein A1, transthyretin, transferrin, and β2-
macroglobulin have contributed to the Risk of  Malignancy 
index (RMI), Risk of Malignancy Algorithm (ROMA),  
OVA1 algorithms and International Ovarian Tumor 
Analysis (IOTA) to distinguish benign from malignant 
disease (11). Over the decades, different biomarkers have 
come forward and the rising number of studies based on 
the combination of different biomarkers along with CA125 
seems to be encouraging, but none of the biomarkers 
in clinical use for early detection of OC, including 
carcinoembryonic antigen (CEA), CA125, carbohydrate 
antigen 19-9 (CA19-9) and HE4 are effective  due to a lack 
of sensitivity or specificity (12).

The sensitivity of a biomarker is measured by its ability 
to identify a patient with the disease correctly, as it will be 
present in diseased samples, and the specificity is measured 
by the ability to not be detected in healthy individuals (13). 
A biomarker with only one of these attributes will lead to 
false positives or false negatives, respectively (13). Current 
evidence has been devoted to discover the role of serum 
biomarkers in predict the risk of recurrence of ovarian 
cancer. In this way, biomarkers can be used not only as 
a diagnostic tool but also as a prognostic indicator that 
gives the estimate of disease recurrence and categorizes 
patients at different risk levels for specific outcomes (12). 
Nowadays, the clinical symptoms of relapse are determined 
by measuring the level of serum CA125, one of the most 
extensively used tumor biomarkers in standard clinical 
practice for disease surveillance (14). Levels of CA125 
are correlated with response to treatment and it has been 
established that it can rise 4.8 months before clinical 
disease recurrence, providing time to pursue multiple 
courses of novel or conventional therapy (11), and a recent 
study showed, also a major benefit from early initiation 
of treatments (15). To make patients benefit from an 
early therapeutic intervention capable of prolonging the 
disease-free interval and improve overall survival, there is 
an urgent need of evidence sensitive biomarkers that can 
predict ovarian cancer recurrence with a sufficient lead time 
before the rise in CA125. Researches are evaluating several 
biomarkers like HE4, osteopontin (OPN), mesothelin 
(MSLN), Folate receptor α (FOLR1), paraneoplastic 
antigens, miRNA, cancer stem cells (CSCs) and a 
combination of them to evaluate their role as prognostic 
biomarkers for ovarian cancer recurrence. This narrative 
review has aimed to investigate the role of biomarkers 
for early detection of ovarian cancer recurrence, and to 

summarize the available evidence.

Methods

The data research was conducted using the following 
databases MEDLINE, EMBASE, Web of Sciences, 
Scopus, Clinical Trial. Gov, OVID and Cochrane Library 
querying for all articles related to ovarian cancer recurrence 
and ovarian biomarkers. The final literature search was 
performed in February 2020. Two authors (VF and CDF) 
independently screened titles and abstracts of studies 
obtained in the search. The studies were identified with the 
use of a combination of the following text words: “ovarian 
neoplasm” or “ovarian cancer” or “ovarian malignancy” or 
“secondary cytoreduction” or “recurrence” or “relapse” and 
“ovarian biomarkers”. The selection criteria of this narrative 
review included randomized clinical trials, non-randomized 
controlled studies (observational prospective, retrospective 
cohort studies, case-control studies, case series) and review 
articles on the role of ovarian biomarkers in women with 
ovarian cancer recurrence.

Prognostic biomarkers of recurrence

Nowadays, non-invasive methods for early identification 
of OC recurrence are needed and there is growing interest 
in the evaluation of the role of serum biomarkers. To 
early identify relapses in a phase in which response rate 
to pharmacological treatments is higher (16), different 
biomarkers seem to be crucial for developing effective 
approaches to deal with ovarian cancer at the level of 
recurrence. The most quoted biomarkers are summarized 
below.

CA125

CA125 is a member of the mucin family glycoproteins, 
normally expressed in Mullerian and coelomic epithelial 
tissue derivatives, defined as a non-specific marker (17) 
considering that its levels can increase in various benign 
conditions, such as endometriosis, pelvic inflammatory 
disease, peritonitis, but also in malignant circumstances such 
as ovarian cancer (18). CA125 is one of the most extensively 
used biomarkers in standard clinical practice for epithelial 
OC (EOC) surveillance and to predict prognosis. Usually, a 
serum concentration of CA125 >35 U/mL is suggestive of 
potential malignancies, with a 47% elevation in EOC early 
stage and an 80–90% elevations in advanced-stage (19),  

https://en.wikipedia.org/wiki/Mucin
https://en.wikipedia.org/wiki/Glycoprotein
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even if it can also be silent, as in about 20% of ovarian 
cancers (20). For CA125 as cancer surveillance, levels 
higher than 65 U/mL are associated with a lower 5 years’ 
survival rate (21). The sensitivity and specificity of detecting 
early ovarian cancer recurrence using CA125 tumor marker 
alone with a threshold of 35 U/mL was 67.39% and 86.79% 
respectively (22).

CA125 appears to be suggestive when its pretreatment 
levels are compared with its post-treatment levels: a post-
treatment decrease in CA125 values by half is usually 
associated with a favorable response to treatment while 
a doubling of values is indicative of drug resistance or 
disease progression in patients with CA125 levels that never 
normalize; in patients in whom CA125 values normalize after 
treatment, an increase above the threshold value of 35 U/mL 
can be considered suspect of progression or relapse (23).

However, a retrospective analysis conducted on 342 
patients with ovarian cancer surgically treated, shows that 
among the patients who developed a recurrence, the median 
value of CA125 is <35 U/mL (29.7 U/mL). In particular, 
in three patients with CA125 values ​of 14.5, 13.5 and  
20.9 U/mL, respectively, the PET examination found 
lesions located in the spleen, liver and pelvic region (15). 
Thus, a 10.5% increase in CA 125 levels may be predictive 
of disease progression and require a CT scan. Changes less 
than 0.5% are predictive of the absence of progression. 
If changes range from 0.5% to 10.5%, and individualized 
clinical based approach is suggested (24). Increasing levels 
of CA125 precede the signs and symptoms of recurrence by 
3–5 months in as many as 70% of cases (25).  

These findings agree with those of previous studies 
(26-28) confirming the fact that although having a good 
specificity in the diagnosis of recurrence, the CA125 does 
not have an optimal sensitivity since not all ovarian cancer 
produces elevated blood levels of CA125, particularly in 
mucinous cancer (29).

In contrast to these data, some authors believe that 
monitoring the CA125 levels has no clinical value for the 
follow up of recurrence for postoperative patients with 
epithelial OC (30). In particular, the RCT performed 
by Rustin et al. showed that early treatment of recurrent 
ovarian cancer based on rising CA125 did not improve 
overall survival when compared to treatment at clinical 
relapse. However, this study has several limitations: only 
chemotherapy was considered as early treatment and 
the impact of second-line cytoreductive surgery was not 
taken into consideration; changes of CA125 within the 
normal range were not considered, delaying detection of 

recurrence; in some cases, it been used a suboptimal therapy 
by current standards (31). 

Indeed, both the European Society of Gynecologic 
Oncologists (ESGO) and the European Society of Medical 
Oncology (ESMO) advised against universally abandoning 
CA125 in the routine follow-up of all patients with ovarian 
cancer based on this single randomized trial because, in 
some patients, regular CA125 measurements may signal 
tumor growth before symptoms appear (32,33). To date, 
CA125 is of a greater interest in a series of biomarkers 
panels, to obtain the best surveillance of ovarian cancer. 
According to recent evidence, the increase in CA125 levels 
during follow-up is associated with a specific localization of 
the recurrence, at the peritoneal and intra-abdominal level 
(lymph node, vaginal stump and cul de sac) (34). It seems 
that patients without the rise of CA125 level (<35 U/mL)  
had predominantly supradiaphragmatic lesions in the 
lung and brain. These findings suggest that during follow 
up for ovarian cancer greater emphasis should be given 
to computed tomography (CT) and magnetic resonance 
imaging (MRI), not only at the abdominal-pelvic level (34).

HE4

HE4 (35) is a protease inhibitor, primarily expressed in the 
reproductive and respiratory tracts but also characterized by 
good sensitivity and specificity in detecting OC, especially 
endometrioid (100% overexpression) and serous subtypes 
(93% overexpression) (36). It has been demonstrated 
that HE4 can regulate adhesion, migration, and growth 
of tumor cells through activation of the EGFR/MAPK 
signaling pathway (37). Up to now, HE4 has been approved 
by the Food and Drug Administration (FDA) to monitor 
disease progression or recurrence of EOC (38). What 
seems to be interesting, is that HE4 appears to be able to 
predict OC recurrence before CA125 in some patients and 
may be elevated in patients whose tumors fail to express 
CA125 (39) and Laskshmann et al. found that serum 
HE4 had equivalent sensitivity (85.3% vs. 84.3%) but 
higher specificity (91.4% vs. 70.2%) than serum CA125 
in detecting recurrence and a lead time of 3 months over 
CA125 (40). Anastasi et al. (41) reported the increase in 
HE4 to precede the increase in CA-125 from 5 to 8 months 
and coincide with the recurrence of the disease and Liao  
et al. (42) reported that HE4 values in urine became positive 
in advance of clinical recurrence in several women despite 
normality of serum levels of HE4 and CA-125. Recently, also 
a larger sample retrospective study confirmed that HE4 can 
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detect a recurrence before CA125 (with a median of 126 days 
before clinical confirmation) and that while CA125 increased 
only in 50% of cases, HE4 increased in 75% of patients with 
recurrence (43). A combination of CA125 and HE4 could 
be more useful to monitor response to treatment and early 
detect relapses if compared to each marker used individually 
(44,45), indeed, by combining CA-125 and HE4, sensitivity 
is 76% with 100% specificity (46). In 2008, Havrilesky  
et al. have proposed panels including multiple biomarkers 
(HE4, MMP7, Glycodelin) to obtain better information in 
disease monitoring. The authors choose this panel selecting 
candidate biomarkers who met the following inclusion 
criteria: (I) over-expression of candidate gene in epithelial 
ovarian cancer relative to normal ovarian epithelium; (II) 
over-expression of the encoded protein in ovarian tissue; 
(III) localization of encoded proteins to extracellular 
compartment as membrane protein or secreted protein; 
(IV) discriminated ovarian cancer from normal sera utilizing 
prototype immunological assays. They found that this panel 
predicted disease recurrence before the elevation of CA125 
in 56% of cases and in an equivalent time frame to CA125 
in 41% of cases. In this way, the recurrence was identified 
from 6 to 69 weeks before the CA125 elevation (47).  
However, considering the lack of evaluation of the specificity 
of the biomarker panel, these results should be considered 
preliminary and subject to further evaluation. In 2012, 
another study suggests the use of HE4 in a panel; they select 
CA125, HE4, and CA72.4 together rather than one by one 
in the detection of disease relapse during follow-up (48),  
considering the evidence of the elevation of the serum 
tumor marker CA72.4 in EOC. The authors concluded 
that the combination of the individual biomarkers HE4 and 
CA72.4 performs better and reveals positivity in more than 
75% of the patients at relapse in the follow-up period (48).  
The results listed so far are very promising, but more 
multicentric, randomized with large cohort studies are 
needed to validate and reinforce the role of HE4 in ovarian 
cancer recurrence. 

OPN

OPN, a 44 kDa calcium-binding glycoprotein extensively 
expressed in multiple cell-types and detectable in human 
body fluids, has emerged as an important potential biomarker 
for diagnosing and treating cancer. It has proven to be 
an important signaling agent in the development and 
progression of numerous malignant tumors, including breast, 
lung, gastric and melanoma, as well as ovarian cancer (49,50). 

Already in 2001, OPN was identified as a potential 
biomarker for OC by using a cDNA microarray system (51),  
even if its role in predicting the recurrence of ovarian 
cancer has not yet been sufficiently evaluated and only one 
older longitudinal study focused on this topic. In this study, 
38 patients with ovarian cancer underwent post-treatment 
follow-up with the dosage of OPN and CA125. OPN levels 
decline after treatment, similar to CA125 levels. In the case 
of recurrence disease, OPN levels rose earlier compared 
to CA125, in 90% of cases: the OPN level began to rise  
5 months, while CA125 did not increase until 6 months 
after surgical cytoreduction. The authors concluded that 
OPN may be a clinically useful adjunct to CA125 in 
detecting recurrent ovarian cancer, but additional clinical 
trials are needed to assess the potential clinical utility of 
adding OPN to routine CA125 measurement during follow-
up of ovarian cancer (52). 

MSLN

MSLN is a 40-kDa glycoprotein, whose expression is 
limited to mesothelial cells present in the serous membranes 
of the pleural, pericardial, and peritoneal spaces (53). 
MSLN is hypothesized to be involved in cell adhesion 
and signaling (54) and, as shown by a recent study, it can 
promote the migrating and invasive capabilities of ovarian 
cancer cells by activating the ERK signal pathway (55).

Several studies have shown that MSLN is an independent 
prognostic factor for patients with ovarian carcinoma: the 
elevated levels of MSLN predict poorer overall survival (OS) 
also in patients with optimal debulking surgery (56,57).

Although MSLN is an important prognostic factor, it 
has not yet proven to be a valid marker for assessing the 
recurrence risk of ovarian cancer. Shummer et al. (58) 
were the only ones that evaluate if MSLN is an acceptable 
remission marker. The study was conducted on 23 
patients with ovarian cancer who underwent surgery and 
chemotherapy; the behavior of the markers (CA125, HE4, 
MMP7, and MSLN) was then assessed during remission 
and before the evaluation of recurrence. Of the 20 patients 
in whom a recurrence was observed, only 4 showed an 
increase in MSLN levels, but this elevation was also 
detected by CA125 and/or HE4 (58). This makes MSLN 
less suited as a marker for ovarian cancer monitoring. 

FOLR1

FOLR1 is a glycophosphatidylinositol (GPI) anchored 
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glycopolypeptide, which is in part released into the blood 
in a soluble form (soluble folate receptors, sFR) (59). A 
recent prospective study was the first to evaluate the role of 
this biomarker in ovarian cancer surveillance. The authors 
have monitored levelsof sFR and CA125 in 28 women with 
ovarian cancer who underwent optimal debulking. In 11 out 
of 28 patients it was observed that sFR was able to predict 
the recurrence as its levels never returned to the baseline or 
even increased, while CA125 levels remained low. Probably 
it can be indicative of a cluster of tumor cells characterized 
by high tumor FR expression and low CA125 (60).

However, other studies are needed to understand the real 
ability of this marker to predict the recurrence of ovarian 
cancer. Farran et al. (60) already have initiated a prospective 
clinical protocol to study sFR in both up-front diagnosis 
and surveillance of ovarian cancer.

Paraneoplastic antigens

A recent study showed the usefulness of paraneoplastic 
antigens as biomarkers for prediction of recurrence in 
ovarian cancer. Paraneoplastic antigens are expressed in 
both cells of the nervous system and tumor and can elicit a 
humoral immune response, with the consequent formation 
of onco-neural-antibodies. These antibodies could lead to 
the development of various neurological disorders called 
paraneoplastic syndromes (61). However, it can occur also 
in the absence of paraneoplastic symptoms leading to their 
diagnostic utility in asymptomatic subjects. Chatterjee  
et al. (14) have carried out a retrospective study in 21 
ovarian cancer patients, to evaluate the sensitivity of a panel 
of 6 paraneoplastic antigens (HARS, CDR2, Ro52, 4B7, 
4H4 and 5H6) to predict recurrence of ovarian cancer 
before the rise in CA125 level (cutoff 35 U/mL) or to the 
radiologic indication of clinical recurrence. The result of 
this study showed that antibodies to the 4 antigens, HARS, 
Ro52, CDR2 and 5H6, predicted ovarian cancer recurrence 
with a sensitivity of 90.5% when CA125 levels were below 
the standard cutoff (35 U/mL). The average time for 
predicting recurrence obtained was 5.03 months before the 
clinical or symptomatic relapse (14). However, it must be 
emphasized that these markers have only been evaluated 
in a small number of patients in whom CA125 values are 
within the normal range.

Future prospective: miRNA and CSCs

Several miRNAs, small non-coding RNAs that downregulate 

the protein expression of target genes, have been detected 
in whole blood, plasma, serum and exosomes of patients 
with ovarian cancer. miRNA show differential expression 
across the different histological types of ovarian cancer and 
in the study by Prahm et al., a number of different miRNAs 
were shown to act as significant and independent predictors 
of predictive of overall survival (OS), time to progression 
(TTP), progression free survival (PFS), and chemotherapy 
resistance (62). The meta-analysis conducted by Shi et al.  
reveals that miR-200 family and miR-30 family could 
be promising prognostic biomarkers of ovarian cancer, 
considering that the expression level of miR-200 family 
showed significant association with OS (HR =0.78, 95% 
CI: 0.64–0.94) and higher expression of miR-30 family 
was associated with elevated OS/PFS for ovarian cancer 
(OS, HR =0.43, 95% CI: 0.13–0.74; PFS, HR =0.76, 95% 
CI: 0.64–0.87) (63). Upregulation of miR-205, miR-203, 
miR200b, miR-141 and miR-21 in endometrioid and 
serous subtypes, down-regulation of miR-145 in serous 
and clear cell carcinomas and miR-222 down-regulation in 
endometrioid and clear cell carcinomas were found (64). 
Recent studies have hypothesized the role of miRNAs as a 
prognostic marker for recurrent EOC after chemotherapy. 
The expression of hsa-miR-1273g-3p was found to be 
significantly down-regulated in recurrence EOC compare 
with healthy control groups (65). miR-200a, miR-200b, and 
miR-429 have significant potential as diagnostic markers 
in relapse (66). Therefore, identification of a series of 
mi-RNA as prognostic biomarkers may lead also to new 
screening tools. Although several reports demonstrate the 
suitability of circulating miRNAs as cancer biomarkers, 
these molecules are still considered insufficient for clinical 
applications, primarily due to the lack of large-scale 
validation and inconsistencies among detection devices (67).

Moreover, the biological characteristics and mechanisms 
of the different miRNAs in ovarian cancer may differ, and 
methods for accurately and absolutely quantifying miRNAs 
are not uniformly normal, which limited applicability of the 
pooled analysis. Therefore, a recent meta-analysis suggest 
that multiple miRNA panels can achieve better accuracy 
and the validation of these series of mi-RNA as prognostic 
biomarkers may lead also to new screening tools in the 
future (68).

Recent evidence in OC defines CSCs such as the main 
responsible for disease aggressiveness, drug resistance and 
tumor relapse. The existence of CSC was proposed a long 
time ago and evaluated in several studies (69). The concept 
states that tumor growth is powered by a small number 
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of stem cells that seem to be involved in all phases of 
tumorigenesis: from initial development to metastasis, and 
therefore to the recurrence of the tumor (70). Regarding 
OC, ovarian CSCs have been isolated from OC cell lines, 
ascites, and primary and metastatic tumors (70). The reason 
to discuss CSCs in correlation to ovarian biomarkers is 
based on the fact that is possible to use antigenic and 
molecular targets of CSC as OC markers; in detail, it has 
been demonstrated that antigens like CD44, EpCAM and 
ALDH1 can be used as OC biomarkers of recurrence (12).

CD44 is a cell surface glycoprotein involved in cell-
cell interactions, adhesion and cell migration. CD44 has 
been well documented as a common CSC marker in many 
cancers and is involved in therapeutic resistance. It has 
been shown that CD44+ cells can differentiate and self-
renew with the characteristic of cancer cells (71), and that 
CD44+ and CD117+ cells are ovarian CSCs characterized 

by increased chemoresistance to taxane and platinum-based 
therapy (72). 

ALDH enzymes belong to a family of enzymes involved 
in metabolic processes and are responsible for the oxidation 
of aldehydes in carboxylic acids (73). CSCs with high ALDH 
activity were shown to correlate with advanced tumor stage, 
grade and poor outcomes in OC patients (74,75). 

EpCAM (adhesion molecule of epithelial cells), is a 
transmembrane protein expressed essentially in human 
adenocarcinoma (76). EpCAM is significantly expressed 
in EOC tissues compared to normal ovarian tissues. 
Expression along with CD44 is associated with stage, grade, 
and metastasis of EOC. Metastatic and recurrent tumors 
expressed higher levels of EpCAM than primary ovarian 
carcinomas (77).

However, the biggest limit as biomarkers is that none 
of these current CSC markers are expressed exclusively by 
OC tissues, thus the necessity of combine in panel different 
markers. Rather, the use of markers expressed by CSCs 
in OC could be important to discover the mechanisms of 
chemoresistance, find therapeutic targets and develop new 
treatment modalities, especially in the case of metastasis or 
recurrence. 

Conclusions

Notwithstanding the high recurrence rate of OC, no 
surveillance strategies of recurrence are still well defined 
and standardized (11). Up to date, many studies try to 
define the way to anticipate the diagnosis of OC recurrence 
with the objective of translate this results in survival and 
quality of life improvement, and it has been evaluated that 
biomarkers may play a key role in this scenario (12). 

Currently, biomarkers such as CA125 have been used to 
monitor response to treatment and to detect recurrence, but 
even if it appears to be highly specific, it is not optimally 
sensitive for monitoring a complete response to primary 
therapy and can detect disease recurrence only 4.8 months  
before signs and symptoms develop clinically (25). Moving 
forward, since less time of the revelation of recurrence should 
be obtained, a growing interest in the role of new serum 
biomarkers has been observed, as for HE4 (44). Indeed, up 
to date, FDA has recently approved only the use of HE4 in 
OC follow-up together with CA-125, even if few studies are 
available to date about its use in this setting (Table 1). 

The upcoming goal will be to found the most potent 
combination of biomarkers for screening that can detect 
recurrence as earlier as possible with high sensitivity and 

Table 1 Main results of the review and implications for research

Main results

CA 125 is the most extensively used biomarkers in standard 
clinical practice for epithelial OC surveillance and to predict 
prognosis. To date, CA125 is of a greater interest in a series of 
biomarkers panels, to obtain the best surveillance of ovarian 
cancer

HE4 has been approved by the FDA to monitor disease 
progression or recurrence of EOC

A combination of CA125 and HE4 could be more useful to 
monitor response to treatment and early detect relapses if 
compared to each marker used individually

Limitations

The literature on this issue is very scant

Implications for future research 

The efforts of researchers should be focused on:

Identification of reliable serum biomarkers for standardized 
surveillance strategies of recurrence

Additional clinical trials to assess the potential clinical utility 
of adding new biomarkers, such as OPN, MSLN and FOLR1, 
to routine CA125 measurement during follow up of ovarian 
cancer

Discover definitive markers for the identification of the different 
CSCs to develop new antigenic and molecular targets for 
therapy

OC, ovarian cancer; FDA, Food and Drug Administration; CA 
125, Cancer Antigen 125; HE4, Human Epididymis Protein 4; 
OPN, osteopontin; MSLN, Mesothelin; FOLR1, Folate receptor 
alpha 1; CSCs, cancer stem cells.
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specificity, considering that the early treatment of disease 
recurrence seems to be the optimal way for improving 
survival. In the future, the definition of new biomarkers 
in addition to the use of new generation sequencing 
technology for malignant OC could also help to identify 
specific markers for molecular targets therapy, as OC stem 
cell-associated biomarkers suggest.
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