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Abstract
Introduction: Cancer antigen 125 (CA-125), known as a biomarker for women
genital tract malignancies, could be also useful in detecting and monitoring
endometriosis. The aim of this study was to evaluate CA-125 in serum and peritoneal fluid (PF) as an indicator of endometriosis.
Material and methods: Fifty-six patients admitted to the First Department of Obstetrics and Gynaecology for diagnostic or therapeutic laparoscopy conducted for infertility, pelvic pain, suspected endometriosis or ovarian cysts entered the study. Those
with laparoscopically confirmed endometriosis were assigned to group A, those
without this condition to group B. Blood for CA-125 was taken prior to surgery, centrifuged and assayed in accordance with the manufacturer's instructions (VIDAS
CA-125 II). Peritoneal fluid and an endometrial biopsy were taken during laparoscopy.
Statistical comparisons were performed using Statistica 7.1.
Results: Group A consisted of 44 women with laparoscopically confirmed diagnosis; 15 patients served as a control group. The mean value of CA-125 concentration in the endometriosis group was 33.98 U/ml, vs. 9.3 U/ml in the control group. The mean value of CA-125 in peritoneal fluid was 1241.88 U/ml in the
non-endometriosis group versus 2640.23 U/ml in the study group; both results
were statistically significant (p < 0.05). There was a significant correlation
between the stage of endometriosis and CA-125 plasma concentration (R = 0.5993,
p < 0.001). Cancer antigen 125 concentration in serum was a moderate predictor to distinguish between patients with and without endometriosis (AUC 0.794;
95% CI 0.668-0.921; p = 0.001).
Conclusions: Cancer antigen 125 is a well-known biomarker for endometriosis
and helpful in daily clinical practice when endometriosis is suspected. The cutoff value in serum suggesting endometriosis with 68% sensitivity is 11 U/ml.
This value is normal range for Ca-125 concentration.
Key words: pelvic pain, infertility, laparoscopy, endometriosis.

Introduction
Cancer antigen 125 (CA-125) is a protein (cell surface antigen, member
of the mucin family glycoproteins, encoded by the MUC 16 gene) known
since the early 1980s [1]. It serves as a biomarker of ovarian cancer, especially for monitoring ovarian cancer therapy and early recurrences [2, 3].
Other cancers characterized by CA-125 increase are those originating in
the endometrium, fallopian tubes, lungs, breast and gastrointestinal tract
(i.e. pancreatic cancer). In normal women, plasma concentrations of
CA-125 are increased slightly at ovulation and significantly during men-
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struation. A marked increase is observed during
pregnancy [4]. Wilczak et al. described a pathological mass in the pelvis with highly elevated CA-125
in serum, which suggested a malignant process of
the ovary. Laparotomy in this case revealed a large
inflammatory tumour connecting the right adnexa
and appendix vermiformis [5]. Cancer antigen 125
is commonly elevated in endometriosis, especially
in its moderate and severe degree. The disease is
found in women of reproductive age [6], mostly in
those with fertility problems. The prevalence of
endometriosis is really unknown. It affects 15% to
70% of women diagnosed with chronic pelvic pain
syndrome, endometrial ovarian cysts or infertility
[7-9]. A recent study conducted by Barbosa et al.
revealed that 16.25% of fertile asymptomatic
patients operated on for other reasons had minimal or mild endometriosis [10]. The degree of
endometriosis can only be established by invasive
procedures: laparoscopy or open surgery. The
CA-125 test has a specificity of 89% in detecting
moderate and severe endometriosis according to
a meta-analysis of 23 studies [9]. Its usefulness for
mild endometriosis is limited by unsatisfactory sensitivity and specificity. Timing of blood collection for
CA-125 in relation to the menstrual cycle significantly affects this test with higher values during
and shortly after menstruation [11]. Abrao et al.
found that CA-125 was the marker presenting the
highest levels during the menstrual phase, between
the first and third day of the cycle compared to the
luteal phase of the cycle [12].
Nowadays the main goal is to find a group of
biomarkers for endometriosis. CA-125 plays an important role in nearly all statistical analyses
conducted on this topic recently. Mihalyi et al.
recently presented the results of a study on six
biomarkers. He proved that plasma levels of IL-6,
IL-8 and CA-125 were increased in all women with
endometriosis compared with the control group.
More important is the fact that the elevated concentration of mentioned cytokines and CA-125 was
statistically significant in minimal-mild endometriosis compared with the control group [14].
Our research on serum and peritoneal fluid concentration of CA-125 is part of a major experiment
whose goal is to find a non-invasive procedure to
diagnose endometriosis. Additionally we are evaluating vascular endothelial growth factor (VEGF),
IL-1β and C-reactive protein (CRP) concentration in
patients with endometriosis and after treatment of
this disease with danazol. The end of this research
is planned for 2012.

Material and methods
The study included 56 patients admitted to the
First Department of Obstetrics and Gynaecology for
diagnostic or therapeutic laparoscopy. The patients
underwent laparoscopic surgery for infertility, pelvic
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pain, suspected endometriosis or ovarian cysts.
Those with laparoscopically confirmed endometriosis were assigned to group A, those without this
condition to group B (serving as a control group for
the statistical analysis). The control group consisted of patients with tubal occlusion, benign ovarian
cysts (except chocolate cysts) and polycystic ovary.
Women without endometriosis in whom no other
cause of infertility was found during laparoscopy
were also assigned to group B. Women with any
conditions known as influencing CA-125 concentration and with ovarian malignancy established by
intraoperative histopathological examination as well
as women in the luteal phase of the cycle were
excluded from the study. The study protocol was
approved by the Ethics Committee of the Medical
University of Lodz. All subjects included in the study
signed informed consent. Thereafter all women
were asked to give blood and to complete the questionnaire about regularity and complaints of menstrual cycle. Blood samples were collected in sterile tubes, immediately transported to the laboratory
and centrifuged (3000/min). Serum CA-125 levels
were measured in accordance with the manufacturer's instructions (VIDAS CA-125 II). During the
procedure peritoneal fluid and an endometrial biopsy were taken. Peritoneal fluid was aspirated by
laparoscopic needle, immediately cooled and centrifuged in the same conditions as blood samples,
diluted 11 times and assayed for CA-125 concentration. The dilution process was conducted using
CA-125 diluent, a reagent included in the VIDAS kits.
The biopsy of the endometrium was histopathologically examined to establish the phase of the
menstrual cycle. The presence and extent of
endometriosis were carefully assessed, in accordance with the rASRM 1996 (the Revised American
Society for Reproductive Medicine) classification of
endometriosis. In some cases a peritoneal biopsy
or ovarian cyst excision was conducted. Specimens
were fixed in a 10% formalin solution and sent for
histopathological analysis.

Statistical analysis
Statistical comparisons were performed using
Statistica 7.1 and the graphical analysis was conducted using SPSS 12.0. The null hypothesis was
tested with Shapiro-Wilk test. If the distribution of
tested parameters was not normal non-parametric
Mann-Whitney U test was used for assessing
whether two independent samples of observations
had equally large values. For normal distribution
Student’s t-test was used to compare groups.
Kruskal-Wallis test and Spearman’s correlation –
non-parametric measurement tools of statistical
dependence between two variables – were used to
assess the relationship between measured variables. Regardless of the statistical test, only p values ≤ 0.05 were considered significant.
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Results
Endometriosis was confirmed laparoscopically
in a group of 44 women; 15 women served as a control group. The differences in age and the menTable I. Prevalence of endometriosis
Endometriosis (EEC)

Number of patients

%

Control group

15

27.78

EEC I

10

18.52

EEC II

17

31.48

EEC III

11

20.37

EEC IV

1

1.85

1.0

Sensitivity

0.8

0.6

0.4

0.2

0.0
0.0

0.2

0.4
0.6
1-Specificity

0.8

1.0

Figure 1. ROC curve (marked thick line) and AUC (area
under curve) for CA-125 concentration in plasma
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0.8

0.6

0.4

0.2
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0.0

0.2

0.4
0.6
1-Specificity

0.8

Figure 2. ROC curve (marked thick line) and AUC
(area under curve) for CA-125 concentration in peritoneal fluid
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1.0

struation length were not statistically significant
between groups. Duration of the cycle was longer
in the control group and was 37.3 days in comparison to 30.2 days in the endometriosis group and
this difference was statistically significant. The
percentage of smoking patients was higher in the
control group (46.7% for n = 7 vs. 19.6% n = 8 in
group A) and this difference was also statistically
significant (p = 0.0422). The mean value of CA-125
concentrations in the endometriosis group was
33.98 U/ml, with the maximal value of 173.6 U/ml.
The mean level of that protein concentration in the
control group was 9.3 U/ml. The difference was statistically significant (p < 0.05). The same relation
was observed in CA-125 concentration in peritoneal fluid. The mean value of 1241.88 U/ml in the
non-endometriosis group was compared with
2640.23 U/ml in the study group and this difference
was also found to be statistically significant.
The rASRM (1996) staging was applied for all
patients with endometriosis. There were 27 patients
in initial stages (I and II) and 22 patients in advanced
stages (III and IV). The distribution of each stage is
presented in Table I. Endometriosis of second stage
was the most common diagnosis. The prevalence of
endometriosis of stage I or II was 50%.
A receiver operating characteristic (ROC) curve
is a graphical plot of the sensitivity versus false positive rate (two operating characteristics). In this case
ROC analysis is related directly to making the best
prognosis of endometriosis. The area under the ROC
curve (AUC) estimates how good a predictor CA-125
could be for endometriosis (Figures I-II).
Cancer antigen 125 concentration in serum was
a moderate predictor to distinguish between
patients with and without endometriosis (AUC
0.794; 95% CI 0.668-0.921; p = 0.001). The statistical power of CA-125 concentration in peritoneal fluid to differentiate between the two study groups
was even worse than that of serum CA-125 (AUC
0.691; 95% CI 0.53-0.852; p = 0.041). If the cut-off
value for CA-125 in serum is 11 U/ml, the respective
sensitivity of the test – which measures the proportion of actual positives which are correctly identified as with endometriosis – is 68.29%. Specificity, which measures the proportion of negatives
which are correctly identified (as without disease),
is 66.67%. Positive predictive value (PPV) is 84.85%
(the probability that a patient with positive test
results is correctly diagnosed) and negative predictive value (NPV) (the probability that a patient
with negative test results really does not have the
disease) is 43.48%. For CA-125 tested in peritoneal
fluid the cut-off point of 1295 U/ml was established
from the ROC curve and the statistical analysis
showed results as listed in Table II. AUC for CA-125
serum concentration in the control group and the
group with the first stage of endometriosis I (EEC I)
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did not differ statistically significantly. AUC for this
marker in the control and EEC II group was 0.798;
95% CI 0.645-0.951; p = 0.004. With the cut-off value for CA-125 ≥ 9.7 U/ml the sensitivity of the test
for detecting EEC II was 82.35%. The statistical power of serum CA-125 concentration was the best for
advanced stages of endometriosis (EEC III + EEC IV)
in comparison to the control group – AUC 0.939;
95% CI 0.849-1.029; p < 0.001. The sensitivity and
specificity for the cut-off point of CA-125 ≥ 14.7 U/ml
established from the ROC curve are listed in Table
III. AUC for peritoneal fluid concentration of CA-125
(for cut-off value of 1262.2 U/ml) in advanced
stages of endometriosis is 0.654; 95% CI 0.4180.890; p = 0.215.
We compared the frequency of occurrence of
symptoms typical for endometriosis such as pain
before menstrual bleeding, dysmenorrhoea and
pain after intercourse. There was no significant difference in occurrence of listed symptoms between
patients with and without endometriosis.
There is a significant correlation between the
stage of endometriosis and CA-125 plasma concentration. The value of Spearman's rank correlation coefficient is R = 0.5993 (p < 0.001). It means
that this is a positive correlation; however, a perfect Spearman correlation should be nearly +1 for
variables that are a perfect monotone function of
the other. There was no significant correlation
between plasma and peritoneal concentration of
CA-125.

Discussion
One percent of men and women have no reason
for higher concentration of CA-125. This protein can
be elevated in non-physiological conditions such as
peritoneal infection, ascites, ovarian cysts, pancreatitis, heart or liver insufficiency and in patients
after surgery of the gastrointestinal tract. The
role of CA-125 in establishing the diagnosis of
endometriosis is well known. However, the sensitivity of this biomarker alone is unsatisfactory. In
our study the sensitivity of serum concentration of
CA-125 in the diagnosis of disease was 68% reaching up to 91.67% for the diagnosis of advanced
stages of endometriosis. Bedaiwy and Falcone
reviewed the Medline database for studies about
CA-125 performance in testing endometriosis. His
meta-analysis showed that sensitivity of serum CA125 varied in a wide range from 24% to 94%. The
specificity reached in our study was only about 67%,
but the cut-off point for CA-125 concentration was
11 U/ml. Most studies included in the meta-analysis accepted the value of 35 U/ml as a cut-off point
for CA-125 serum concentration [15]. In one of the
largest studies on CA-125 the authors proved that
in the diagnosis of endometriosis without
endometriomas, combined use of two cut-off val-
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Table II. Statistical data for CA-125 = 1295 U/ml in
peritoneal fluid
Sensitivity

60.53%

Specificity

61.54%

Positive predictive value

82.14%

Negative predictive value

34.78%

Table III. Statistical data for CA-125 ≥ 14.7 U/ml in
serum to diagnose advanced stages of endometriosis (EEC III + EEC IV)
Sensitivity

91.67%

Specificity

86.67%

Positive predictive value

84.62%

Negative predictive value

92.86%

ues for CA-125, 20 U/ml and 30 U/ml, provides
improved diagnostic performance [16]. There have
been a lot of studies on the role of other biomarkers in endometriosis (e.g. TNF-α, IL-6, VEGF, CRP)
conducted recently. The diagnostic accuracy of each
marker alone was either similar or worse than that
of CA-125. The concentrations of various cytokines,
growth and angiogenic factors, metalloproteinases, peptides, subpopulations of leukocytes and
expression of various genes were examined in
endometriosis [17-19]. Nowadays researchers are
trying to develop a statistical model based on three
or four serum biomarkers which could have enough
statistical power to diagnose endometriosis without the necessity of laparoscopy. Cancer antigen
125 measurement is used in nearly all studies that
raise this issue.
Cancer antigen 125 concentration is usually
analysed from a blood sample. It can also be measured in fluid from the chest or abdominal cavity.
Assaying CA-125 in peritoneal fluid requires high
sample dilutions or a modified immunoradiometric
assay, and until now, its clinical value has been
questionable. All the tests currently in use are based
on the use of an antibody that is directed against
the CA-125 protein (monoclonal antibody technique). Kraśnicki proved that the sensitivity of the
peritoneal fluid CA-125 test for endometriosis was
higher than the respective serum test. He suggested that the measurement of CA-125 levels in
peritoneal fluid could be useful in the detection of
early stage endometriosis, which seems to be
missed by the CA-125 serum test. In our opinion
this dependence is not so clear. However, this study
is not readily comparable with ours because of the
different (luteal) menstrual cycle phase in which
the study was conducted [20]. There are a lot of
arguments that the CA-125 concentration is higher in the first cycle phase [4]. In our study an
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endometrial biopsy was taken from each patient to
eliminate the differences between CA-125 concentration in the follicular and luteal phase of the menstrual cycle. Only women in the early follicular
phase were included in the study.
The duration of the cycle in the control group in
our study was probably influenced by other conditions such as polycystic ovary syndrome. Like other researchers we found no relationship between
severity of symptoms which are believed to be typical for endometriosis and the extent of endometriotic lesions at laparoscopy. There were no differences between minimal and severe disease.
There are publications reporting a positive correlation between serum and peritoneal fluid values
of CA-125 in women with and without endometriosis [21] but we did not find such a correlation in our
study. Cancer antigen 125 levels are much higher in
peritoneal fluid but to compare results between
studies we should have information about the manufacturer of the CA-125 test and the way of preparing the test (e.g. dilution used).
In conclusion, serum CA-125 measurement is an
inexpensive test whose role is to improve diagnostic
accuracy for endometriosis. In our study CA-125 concentration in serum was a moderate predictor to
distinguish between patients with and without this
disease. There is a need for further studies about
its role in statistical analysis as a marker that
enhances statistical power for the group of noninvasive biomarkers for endometriosis.
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