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Abstract
Background: The CA-125 tumor marker has limitations when used to distinguish between benign and
malignant ovarian masses. We therefore establish likelihood curves of six subgroups of ovarian pathology
based on CA-125 and menopausal status.
Methods: This cross-sectional study conducted by the International Ovarian Tumor Analysis group
involved 3,511 patients presenting with a persistent adnexal mass that underwent surgical intervention.
CA-125 distributions for six tumor subgroups (endometriomas and abscesses, other benign tumors, borderline tumors, stage I invasive cancers, stage II–IV invasive cancers, and metastatic tumors) were estimated
using kernel density estimation with stratification for menopausal status. Likelihood curves for the tumor
subgroups were derived from the distributions.
Results: Endometriomas and abscesses were the only benign pathologies with median CA-125 levels above
20 U/mL (43 and 45, respectively). Borderline and invasive stage I tumors had relatively low median CA-125
levels (29 and 81 U/mL, respectively). The CA-125 distributions of stage II–IV invasive cancers and benign
tumors other than endometriomas or abscesses were well separated; the distributions of the other subgroups
overlapped substantially. This held for premenopausal and postmenopausal patients. Likelihood curves and
reference tables comprehensibly show how subgroup likelihoods change with CA-125 and menopausal status.
Conclusions and Impact: Our results confirm the limited clinical value of CA-125 for preoperative
discrimination between benign and malignant ovarian pathology. We have shown that CA-125 may be used
in a different way. By using likelihood reference tables, we believe clinicians will be better able to interpret
preoperative serum CA-125 results in patients with adnexal masses. Cancer Epidemiol Biomarkers Prev; 20(11);
2420–8. Ó2011 AACR.

Introduction
An accurate diagnosis of adnexal masses prior to
surgery is important to optimize the prognosis of women
with ovarian cancer. A correct diagnosis leads to more
appropriate management and improved referral patterns. This is very important, as research has clearly
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shown the effect of type of surgery and surgeon on
prognosis (1–3). Moreover, the clinical management of
patients with suspected ovarian cancer improves with
diagnostic accuracy (4).
The cancer antigen 125 (CA-125) is a glycoprotein
which is encoded in the MUC16 mucin gene (5). It is
being assessed in ovarian cancer screening trials as well
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as being used clinically for the characterization of adnexal
masses because it is often increased in the presence of
ovarian cancer (5–10). In their meta-analysis of 17 studies
comprising 2,374 patients who underwent surgery for an
ovarian tumor, Medeiros and colleagues obtained a
pooled sensitivity with regard to ovarian malignancy
(borderline malignancy or invasive cancer) of 80% and
a pooled specificity of 75% using a CA-125 value of 35
U/mL or more to indicate malignancy (10). However, it is
widely recognized that CA-125 has limitations when
used in isolation (11). One problem is that CA-125 levels
are affected by a number of conditions such as pelvic
inflammatory disease, endometriosis, large uterine
fibroids, ovarian fibroma, peritoneal implants, lung disease, liver cirrhosis, tuberculosis, ascites, smoking, obesity, caffeine use, Caucasian ethnicity, and previous
hysterectomy (12–16). More importantly, relatively low
CA-125 levels are seen commonly in patients with borderline tumors and stage I invasive ovarian cancers (7–9,
13, 17, 18).
The International Ovarian Tumor Analysis (IOTA)
study group has previously investigated the role of
CA-125 in the preoperative assessment of adnexal masses
(9, 19, 20). We observed much higher CA-125 levels in
endometriomas, abscesses, and fibromas than in other
benign masses, and much lower levels in borderline
tumors than in invasive tumors, with only stage II–IV
invasive cancers having consistently elevated CA-125
levels (9). We found that the subjective assessment of
the ultrasound image of an adnexal mass by an experienced ultrasonographer was superior to serum CA-125
for the diagnosis of malignancy and that adding information on the CA-125 level to subjective evaluation of
ultrasound images did not improve diagnostic performance (8, 20, 21). Moreover, CA-125 appeared to be
replaceable by other variables in mathematical models
developed to predict malignancy in adnexal masses (19).
These are important results. However, they were based
on only 809 patients selected on the basis of the availability of CA-125 levels from a larger data set of 1,066
patients from 9 European clinical centers.
In this study, we describe CA-125 levels in tumors with
different pathology based on an expanded multicenter
data set of 3,511 patients using multiple imputation to
deal with missing CA-125 levels. The main aim was to
estimate distributions of serum CA-125 levels for specific
tumor subgroups and to use these distributions to establish the likelihood of a specific tumor subgroup based on
the CA-125 value and the menopausal status of the
patient.

Materials and Methods
Design and setting
This is a multicenter observational cross-sectional
study of patients presenting with at least one persistent
adnexal (ovarian, paraovarian, or tubal) mass that later
underwent surgery. Data were collected prospectively
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between 1999 and 2007 within the frame of the IOTA
study (22–25). The key aims of the IOTA studies are the
development and validation of clinical risk prediction
models to diagnose malignancy (22–25). The "gold standard" in these studies to date has been the pathologic
examination of removed adnexal tumor tissues at surgery. Accordingly, all masses in the study are lesions that
have been selected in each center to require surgical
intervention.
The IOTA group has collected data in 3 phases (1, 1b,
and 2; Supplementary Table S1). Patients were recruited
in 11 oncology referral centers and 3 referral centers for
ultrasonography, both based in university hospitals, and
in 7 public hospitals in 9 countries. For phase 1, patients
were recruited between 1999 and 2002, for phase 1b,
between 2002 and 2005, and for phase 2, between 2005
and 2007. Supplementary Table S1 lists the centers involved in each IOTA phase. The research protocols were
ratified by the local ethical committee at each recruitment
center.
Patients
Patients presenting with at least one persistent adnexal
mass and who were examined with ultrasonography by a
principal investigator were eligible for inclusion, conditional on oral informed consent prior to the ultrasound
scan and surgery. The ethical committees advised that
written consent was not needed, as standard clinical care
would be provided. If more than one mass was detected,
the mass with the most complex ultrasound morphology
was used for the measurement of tumor features. When
masses with similar morphology were observed, the
largest mass or the one most easily accessible by ultrasound was used. Exclusion criteria were pregnancy,
refusal of transvaginal ultrasonography, and surgical
removal of the mass more than 120 days after the ultrasound examination.
Data collection
For each patient, a standardized history was taken to
collect clinical variables of which menopausal status is
the principal variable used in this study. A woman was
classified as postmenopausal if after the age of 40 years,
she reported an absence of menstruation for at least 1
year, unless the amenorrhea was caused by medication,
disease, or pregnancy. Patients aged 50 years, who had
undergone a hysterectomy such that the time of menopause could not be determined, were considered postmenopausal. Patients younger than 50 years, who had
undergone hysterectomy without bilateral oophorectomy,
were considered premenopausal. More information on the
clinical variables that were recorded can be found in a
previous report (22).
All patients underwent a standardized transvaginal
ultrasound examination to investigate the tumor, as described in the IOTA consensus report (26). Transabdominal sonography was carried out for large masses that
could not be visualized in full by a transvaginal probe.
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Information on more than 40 ultrasound morphologic
and blood flow variables was collected using grayscale
and color Doppler ultrasound imaging.
The reference standard was the pathologic diagnosis of
the mass following surgical removal by laparotomy or
laparoscopy as judged appropriate by the surgeon. The
pathology was divided into 20 categories (11 benign and 9
malignant ones) as shown in Table 1. We also classified
the tumors into 1 of 6 tumor subgroups based on a priori
knowledge and median CA-125 levels: endometriomas
and abscesses, benign tumors other than endometriomas
and abscesses, borderline tumors, primary invasive stage
I tumors, primary invasive stage II–IV tumors, and metastatic tumors.
Serum CA-125 assessment
Participating centers were encouraged to measure
serum CA-125 levels. Some centers measured serum
CA-125 levels in every patient, others did not. The
decision to measure CA-125 or not was a reflection of
the protocols in the different centers. It is also likely
that clinicians sometimes chose not to measure serum
CA-125 when they felt the ultrasound features of the

mass were strongly suggestive of a benign lesion. Missing CA-125 values were accounted for using multiple
imputation, see below.
Second-generation immunoradiometric assay kits for
CA-125 II (27) from the following companies were used:
Roche Diagnostics, Centocor, Cis-Bio, Abbott Laboratories Diagnostic Division, Bayer Diagnostics, and
bioMerieux. All kits used the OC125 antibody. Serum
CA-125 levels are expressed in U/mL.
Statistical analysis
Serum CA-125 levels were summarized using the
median, the first and third quartile (i.e., the 25th and
75th percentile), and the range. For the whole sample
and for pre- and postmenopausal patients separately,
distributions of CA-125 for the 6 tumor subgroups were
derived using kernel density estimation (28). Using this
flexible nonparametric technique, a smooth estimate of
a distribution is obtained by averaging a basic distribution, the kernel, over the data points. The smoothness
of the estimated distribution is determined by the variance of the kernel. We used the "simple normal reference" method to set the kernel variance. Using the

Table 1. Serum CA-125 levels (U/mL) according to tumor pathology and menopausal status
Tumor pathology

Serum CA-125, U/mL
All patients
(N ¼ 3,511)
n

Median (IQR)

Benign
2,560 18 (11–39)
Endometrioma
713 43 (23–89)
Teratoma
402 13 (9–20)
Simple cyst/parasalpingeal cyst
281 14 (10–20)
Functional cyst
116 16 (10–25)
Hydrosalpinx þ salpingitis
100 19 (12–49)
Peritoneal pseudocyst
21 16 (11–29)
Abscess
42 45 (20–123)
Fibroma
152 18 (12–41)
Serous cystadenoma
420 14 (10–21)
Mucinous cystadenoma
270 15 (10–24)
Rare benign
43 17 (11–38)
Malignant
951 158 (35–610)
Borderline, stage I
164 29 (17–76)
Borderline, stage II
8 165 (36–219)
Borderline, stage III–IV
14 327 (32–942)
Primary invasive, stage I
136 81 (25–289)
Primary invasive, stage II
47 229 (57–907)
Primary invasive, stage III
334 401 (160–1,183)
Primary invasive, stage IV
58 725 (285–2,424)
Rare primary invasive
70 49 (18–210)
Metastatic invasive
120 99 (25–333)

Premenopausal
(N ¼ 2,134)
Range

n

Median Range

1–40,140 1,809 20
2–3,500
683 44
1–288
345 14
4–512
163 15
2–360
100 16
5–607
88 19
8–137
18 16
1–1,012
30 61
3–1,409
56 20
2–780
173 14
2–13,510
133 16
5–40,140
20 25
2–38,161
325 80
3–2,779
89 27
15–807
3 55
5–12,829
11 56
2–5,620
42 41
11–6,086
13 121
7–38,161
77 375
5–10,400
13 810
4–1,189
37 58
5–4,670
40 73

1–40,140
4–3,500
1–288
4–512
2–360
5–607
8–75
1–800
3–382
3–381
2–306
7–40,140
4–18,055
4–2,779
24–192
5–7,863
5–3,256
18–1,686
14–18,055
132–10,400
6–1,189
7–859

Postmenopausal
(N ¼ 1,377)
n

Median Range

751
15
30
33
57
11
118
12
16
14
12
22
3
23
12
28
96
16
247
15
137
14
23
14
626
222
75
33
5
187
3 1,290
94
95
34
328
257
428
45
704
33
36
80
132

2–13,510
2–844
4–30
4–220
5–37
6–232
8–137
11–1,012
3–1,409
2–780
3–13,510
5–32,56
2–38,161
3–2,080
15–807
499–12,829
2–5,620
11–6,086
7–38,161
5–7,360
4–814
5–4,670

Abbreviation: IQR, interquartile range.
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Results
Study population
The IOTA study group has collected data on 3,511
patients with at least one persistent adnexal mass:
1,066 in phase 1, 507 in phase 1b, and 1,938 in phase 2
(Supplementary Table S1). The prevalence of malignancy
was 27% (25% in phase 1, 28% in phase 1b, 28% in phase
2): 35% in oncology referral centers (range over centers:
18%–57%), 11% in referral centers for ultrasonography
(range over centers: 8%–17%), and 17% in public hospitals (range over centers: 8%–21%). The median age was 45
years (interquartile range: 34–58), and 39% of the patients
were postmenopausal. Patients from oncology referral
centers had a median age of 47 years (interquartile range:
34–59) with 43% being postmenopausal, patients from
referral centers for ultrasonography had a median age of
39 years (interquartile range: 31–51) with 27% being
postmenopausal, and patients from public hospitals
had a median age of 44 years (interquartile range: 3457) with 36% being postmenopausal.
Information on the serum CA-125 level was missing in
26% of the patients (in 30% in patients with a benign mass,
in 9% in patients with a malignant mass), with 4 centers
having missing CA-125 values in more than 30% of their
cases. The rate of missing CA-125 information was similar
in the 3 phases of the IOTA study (range: 22%–32%) and in
the different types of centers (range: 22%–31%), with
oncology referral centers having the lowest rate.

www.aacrjournals.org

CA-125 levels according to the specific tumor
pathology
Table 1 presents CA-125 levels in tumors with different
pathology for all patients as well as separately for preand postmenopausal patients. All but 2 benign pathologies had median CA-125 levels below 20 U/mL, more
specifically between 13 and 19 U/mL. Endometriomas
and abscesses had median levels of 43 and 45 U/mL,
respectively. Among malignant pathologies, stage I borderline tumors had the lowest CA-125 levels (median: 29
U/mL), followed by rare primary invasive tumors (median: 49 U/mL) and stage I primary invasive tumors
(median: 81 U/mL). Metastatic tumors (median: 99
U/mL) had CA-125 levels similar to stage I primary
invasive tumors but lower levels than higher stage
primary invasive tumors (median: 229 U/mL for stage
II, 401 U/mL for stage III, and 725 U/mL for stage IV) and
higher stage borderline tumors (median: 165 U/mL for
stage II and 327 U/mL for stage III–IV). When stratifying
for menopausal status, a similar picture emerged for both
pre- and postmenopausal patients. However, for benign
tumors, CA-125 levels were higher in premenopausal
than in postmenopausal patients, whereas for malignant
tumors, CA-125 levels were higher in postmenopausal
patients. As a result, the discrimination between benign
and malignant tumors using serum CA-125 was superior
for postmenopausal patients.
For primary invasive tumors, we computed CA-125
levels for the following histologies: serous, mucinous,
endometrioid, clear cell, epithelial not otherwise specified, and nonepithelial tumors (Supplementary
Table S2). Serous tumors had the highest CA-125 levels
followed by epithelial not otherwise specified tumors.
However, these histologic types were most often
advanced stage malignancies and/or found in postmenopausal patients (Supplementary Table S2). We did not
consider histology for defining the tumor subgroups to
avoid small group sizes.

Endometrioma and abscesses
Other benign tumors
Borderline tumors
Stage I invasive cancers
Stage II−IV invasive cancers
Metastatic cancers

2

1.5

Density

prevalences of the 6 subgroups among pre- and postmenopausal patients, the likelihood for each tumor
subgroup based on the absolute CA-125 value and
menopausal status was estimated from the CA-125
distributions obtained.
Most likely, missing values for serum CA-125 occurred
mainly because investigators did not consider it necessary to measure CA-125 based on the clinical picture of
the patient and the ultrasound appearance of the mass.
We used multiple imputation to handle the missing
values in the analysis (29, 30). In multiple imputation,
the missing values are estimated (i.e., imputed) multiple
times to account for the uncertainty in the estimated
values. Imputations were based on variables used in
the present study and other variables in the data set that
were related to either the level of CA-125 or to the
unavailability of CA-125 (this is a binary indicator with
value 1 if CA-125 is missing and 0 otherwise). Predictive
mean matching regression (31) was used to generate 100
imputations of the missing values, resulting in 100 completed data sets. Each of the completed data sets was
analyzed, and the results were averaged to obtain final
results. The results based on multiple imputation of
missing values were compared with the results based
only on the patients with available CA-125 values, and
the differences were described.
We used SAS version 9.2 (SAS Institute) for all
analyses.

1

0.5
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1
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Figure 1. CA-125 distributions according to tumor subgroup for all
patients.
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Stage II−IV invasive cancers
Metastatic cancers
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Estimated likelihood (%)

CA-125 distribution according to tumor subgroups
The estimated CA-125 distributions for endometriomas
and abscesses, other benign tumors, borderline tumors,
primary invasive stage I tumors (including rare primary
invasive stage I tumors), primary invasive stage II–IV
tumors (including rare primary invasive stage II-IV
tumors), and metastatic tumors are shown in Fig. 1.
The CA-125 level is shown on a logarithmic scale as it
is considerably skewed. The main observation is that only
2 tumor subgroups were well separated with respect to
their serum CA-125 levels: stage II–IV primary invasive
tumors and benign tumors other than endometriomas or
abscesses. The distributions of the remaining 4 subgroups
exhibited substantial overlap with each other and also
with the other 2 subgroups. This was true of both pre- and
postmenopausal patients (Fig. 2).
Using the estimated distributions together with the
subgroup prevalences, likelihoods for the 6 tumor subgroups were derived over the range of serum CA-125
levels. These likelihoods are visualized in Supplementary
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Figure 3. The likelihood of specific tumor subgroups for premenopausal
(A) and postmenopausal (B) patients.
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Figure 2. CA-125 distributions according to tumor subgroup for
premenopausal (A) and postmenopausal (B) patients.
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Fig. S1 for all patients and in Fig. 3 after stratification for
menopausal status. For all patients, a tumor was most
likely an endometrioma or an abscess if CA-125 values
fell between 40 and 179 U/mL. If the CA-125 value was
less than 40 U/mL, any other type of benign pathology
was more probable, whereas CA-125 values above 179
U/mL made a primary invasive stage II–IV tumor the
most likely diagnosis. The probability of any benign
tumor exceeded that of a primary invasive stage II–IV
tumor up to a CA-125 level of 236 U/mL, of any invasive
tumor (primary or metastatic) up to a CA-125 level of 168
U/mL, and of any malignant tumor up to a CA-125 level
of 148 U/mL.
The likelihoods of the tumor subgroups according to
CA-125 level were different for pre- and postmenopausal patients (Fig. 3). This is explained by differences in
pathology. The prevalence of endometrioma was 32.0%
in premenopausal patients versus 2.2% in postmenopausal patients, and the prevalence of invasive malignancies was 10.5% versus 39.4%. For postmenopausal
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Table 2. The likelihood of a specific tumor subgroup based on the CA-125 value for premenopausal
patients
CA-125 value
(U/mL)

Likelihood, %
Endometrioma Other benign Any benign Borderline Stage I Stage II–IV Metastasis Any malignant
or abscess
tumor
tumor
tumor
cancer cancer
tumor

10
20
30
40
50
60
70
80
90
100
150
200
250
300
400
500
750
1,000
2,000
3,000
5,000
10,000

13.7
26.9
42.8
51.6
56.5
59.3
60.9
61.7
62.0
61.8
57.2
50.5
45.0
41.4
37.8
36.5
35.1
33.3
26.6
22.5
17.1
10.0

80.0
64.4
45.5
35.3
29.4
25.4
22.4
20.1
18.4
17.1
14.9
16.1
17.2
17.3
15.6
13.3
8.5
5.3
0.9
0.3
0.3
2.3

93.7
91.3
88.3
86.9
85.9
84.7
83.3
81.8
80.4
78.9
72.1
66.6
62.2
58.7
53.4
49.9
43.6
38.7
27.5
22.8
17.4
12.3

patients, the likelihood of a benign tumor exceeded that
of a primary invasive stage II–IV tumor for CA-125
levels up to 82 U/mL, of any invasive tumor for CA125 levels up to 62 U/mL, and of any malignant tumor
for CA-125 levels up to 55 U/mL. For premenopausal
patients, these levels were 848, 607, and 495 U/mL,
respectively.
Tables 2 and 3 present reference tables with likelihood
of each tumor subgroup depending on the absolute
serum CA-125 level and menopausal status.
In Supplementary Table S3, results for commonly used
CA-125 cutoff values to indicate malignancy are presented for all patients and for pre- and postmenopausal
patients separately. The results show that the ability of
CA-125 to discriminate between benign and malignant
tumors was poorer in premenopausal patients. This is
partly explained by the large difference in prevalence of
endometriomas between pre- and postmenopausal
patients.
The results based on multiple imputation of missing
CA-125 values were similar to the results based on
the cases with available CA-125 values. In the latter
analysis, the likelihood of a malignant tumor was
somewhat higher because CA-125 values were more
often missing in benign tumors. The most extreme
difference in percentage likelihood was 12%. The

www.aacrjournals.org

3.2
4.7
5.9
6.0
5.9
5.8
5.8
5.7
5.6
5.5
5.0
4.8
4.7
4.8
5.3
5.8
6.9
7.6
8.6
8.5
8.6
8.9

1.9
2.2
3.0
3.3
3.4
3.6
3.9
4.2
4.5
4.7
5.7
6.1
6.3
6.2
5.9
5.6
4.8
4.3
3.8
3.8
4.0
4.3

0.4
0.8
1.3
1.9
2.6
3.4
4.3
5.2
6.3
7.4
12.9
17.8
21.7
25.0
29.9
33.4
39.5
44.3
56.0
61.5
67.6
72.8

0.8
1.1
1.5
1.9
2.2
2.5
2.8
3.1
3.3
3.5
4.3
4.8
5.1
5.2
5.4
5.4
5.3
5.1
4.1
3.3
2.4
1.6

6.3
8.7
11.7
13.1
14.1
15.3
16.7
18.2
19.6
21.1
27.9
33.4
37.8
41.3
46.6
50.1
56.4
61.3
72.5
77.2
82.6
87.7

reference tables based only on the cases with available
CA-125 levels are presented in Supplementary Tables
S4 and S5.

Discussion
In this study, we examined the relationship between
serum CA-125 levels and tumor pathology in a large
series of adnexal masses. We have established reference
tables to show the likelihood of a specific tumor subgroup
based on the serum CA-125 value and menopausal status.
This report presents graphical illustrations of the substantial overlap in CA-125 distributions between different tumor pathologies both in pre- and postmenopausal
patients. CA-125 levels were higher in endometriomas
and abscesses than in other benign tumors. The levels
were lower in borderline tumors, stage I invasive ovarian
cancers, and metastatic tumors than in stage II–IV ovarian
cancers. For endometriomas and abscesses, stage I ovarian cancers, and borderline tumors, CA-125 distributions
were similar. Only for higher stage ovarian cancer and
benign tumors that were not endometriomas or abscesses
was there a good separation of CA-125 distributions. Figs.
1 and 2 illustrate the limitations of using CA-125 as a
single method for discrimination between benign and
malignant tumors.
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Table 3. The likelihood of a specific tumor subgroup based on the CA-125 value for postmenopausal
patients
CA-125 value,
U/mL

Likelihood, %
Endometrioma Other benign Any benign Borderline Stage I Stage II–IV Metastasis Any malignant
or abscess
tumor
tumor
tumor
cancer cancer
tumor

10
20
30
40
50
60
70
80
90
100
150
200
250
300
400
500
750
1,000
2,000
3,000
5,000
10,000

2.6
3.6
5.3
6.0
6.0
5.7
5.4
5.1
4.8
4.5
3.4
2.7
2.3
2.0
1.7
1.5
1.3
1.2
1.1
1.0
0.9
0.8

84.5
75.7
62.7
53.8
47.2
40.9
34.8
29.3
24.8
21.2
12.6
10.3
9.1
8.1
6.5
5.5
4.4
3.8
2.0
1.2
1.1
3.0

87.1
79.2
68.0
59.8
53.1
46.6
40.3
34.5
29.6
25.7
15.9
13.0
11.4
10.2
8.2
7.1
5.7
5.0
3.1
2.2
2.0
3.8

A strength of our study is that a very large number of
masses from both pre- and postmenopausal patients from
21 centers in 9 countries have been collected. This means
that the results should have general applicability. Moreover, our study describes the likelihood of malignancy
and type of adnexal mass depending on the absolute
serum CA-125 level and menopausal status.
A limitation is that information on CA-125 was missing
in 26% of the masses. We have addressed this by using
multiple imputation (30). An analysis including only the
cases with CA-125 results available would have been
based on a biased sample because in all likelihood,
missing values occurred mainly because investigators
did not consider serum CA-125 assessment necessary,
given the clinical picture of the patient and the ultrasound
appearance of the mass. This resulted in a larger proportion of missing values among patients who turned out to
have a benign (30%) than a malignant tumor (9%). It is
likely that the multiple imputation procedure yielded
results that are closer to the truth than an analysis based
on patients with available CA-125 results. Another limitation is that our study only included surgically removed
adnexal masses. Therefore, our results may not be applicable to an unselected population of adnexal masses,
where many masses are managed conservatively. We
do believe, however, that our results are representative
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4.2
6.2
8.2
9.0
9.3
9.7
10.0
10.2
10.3
10.3
9.5
8.6
7.8
7.1
6.2
5.6
4.7
4.3
3.8
3.7
3.6
3.9

3.8
6.8
10.1
11.7
12.6
13.2
13.7
14.0
14.1
14.2
13.6
12.9
12.3
11.9
11.3
10.8
10.3
10.0
9.8
9.6
9.3
8.7

2.2
4.4
8.7
13.3
17.8
22.6
27.5
32.1
36.3
39.8
50.1
54.7
57.8
60.4
64.2
66.8
70.2
71.9
75.0
76.4
77.4
76.2

2.7
3.4
5.0
6.2
7.1
7.9
8.6
9.2
9.7
10.1
10.8
10.9
10.7
10.5
10.1
9.7
9.1
8.8
8.3
8.1
7.7
7.4

12.9
20.8
32.0
40.2
46.9
53.4
59.7
65.5
70.4
74.3
84.1
87.0
88.6
89.8
91.8
92.9
94.3
95.0
96.9
97.8
98.0
96.2

of adnexal masses currently considered appropriate to
remove surgically.
The use of different assay kits for CA-125 assessment in
different centers will have introduced some variability in
the CA-125 levels (32). However, one study that compared
7 different immunoassays found that these were reliable
for serum CA-125 quantification and showed highly similar diagnostic accuracy (32). Variability may also have
been introduced by examining different patient populations. The use of different assay kits reflects the reality of
clinical practice and is likely to lead to results that are more
generally applicable and less assay dependent.
We did not consider tumor histology when defining
tumor subgroups to avoid small groups. Because primary
invasive malignancies of the serous type clearly had the
highest CA-125 levels, the results might be different in
regions where serous malignancies are less prevalent.
Our results confirm those of previous studies showing
that CA-125 levels are higher in premenopausal patients
than in postmenopausal patients presenting with a benign tumor but that the opposite is true of patients with a
malignant tumor (9, 12, 33). This can be partly explained
by differences in prevalence of endometriomas and advanced ovarian cancers. Endometriomas (with higher
CA-125 values than other benign masses) are much more
common in premenopausal patients, whereas advanced
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ovarian cancer (with higher CA-125 values than earlystage cancer) is more common in postmenopausal
patients (Table 1). Even within most of the malignant
pathologies listed in Table 1, the median CA-125 level
was higher in postmenopausal women. This might be
explained by differences in tumor spread, for example,
postmenopausal patients with stage III disease may have
more intra-abdominal metastases than those in premenopausal patients. Also, primary invasive cancers in postmenopausal patients were more often serous and less
often mucinous or nonepithelial (see Supplementary
Table S2). In healthy women, higher CA-125 levels have
been reported for women who have not yet reached
menopause (12). For most benign pathologies, the
CA-125 levels we recorded were in agreement with this
finding (Table 1). CA-125 levels may also be increased in
healthy women during menstruation (12). We did not,
however, record the cycle day when the blood sample for
analysis of CA-125 was taken.
Simple cutoff values for CA-125 are still being used to
try to discriminate between benign and malignant adnexal
masses. However, there are methods that are clearly
superior to CA-125 for discrimination between benign
and malignant adnexal masses, for example a transvaginal
ultrasound examination with subjective interpretation
of ultrasound findings by an experienced ultrasound
examiner (9).
To conclude, or results highlight the limitations of
CA-125 to predict malignancy in ovarian masses. We
have shown that CA-125 may be used in a different
way. By using likelihood reference tables, we believe
clinicians will be better able to interpret preoperative
serum CA-125 results in patients with adnexal masses.
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