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Abstract The aim of this study was to examine the
negative predictive value for a panel of serum markers in
women at high risk for developing ovarian cancer. A total
of 201 serum samples were collected and analyzed from
102 women at “high risk” for ovarian cancer: 26 with
primary ovarian cancer, 31 with recurrent ovarian cancer,
28 with benign gynecologic diseases, and 14 with other
cancers. Samples were tested for cancer antigen (CA) 125
I, CA19-9, CA72-4, CA15-3, and macrophage colony-
stimulating factor, OVX1, and the marker values were
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further used as input to be evaluated by a previously trained
artificial neural network (ANN). CA125 alone identified
72% of the primary ovarian cancers at a specificity of 95%.
If either CA125 or CA72-4 were elevated, sensitivity rose
to 80%. Adding macrophage colony-stimulating factor—
improved sensitivity to 84% and when CA15-3 was
included, a sensitivity of 88% was achieved. Specificity of
the four marker panel was, however, reduced to 82.5%. By
contrast, at the same sensitivity of 88%, the ANN exhibited
a much higher specificity at 92.5% (p = 0.0105). Our data
suggest that the combined use of multiple biomarkers
improve sensitivity in women at high risk for ovarian
cancer. In contrast to the simple “or” combination rule, the
ANN was able to achieve a higher sensitivity without
significant loss in specificity.

Keywords Biomarker- Ovarian cancer- High risk -
Artificial neural network

Introduction

Tumor markers are important in clinical oncology, but their
role must be better understood to permit their correct use.
Recently, by antibody microarrays, enzyme-linked immu-
nosorbent assay, and other approaches including proteo-
mics, a number of potential markers were identified and
used either individually or in combination in an attempt to
increase specificity and sensitivity, especially in early
stages of the disease.

In the case of ovarian cancer, immunoassay studies
indicated that elevated cancer antigen (CA) 125 levels
(>35 U/ml) are found in 1.4% of healthy women but in 82%
of patients with epithelial ovarian cancer, and yet only 50% of
ovarian cancer patients with stage I disease have CA125 levels
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higher than normal [1-4]. The ability of CA125 levels to
distinguish benign from malignant disease is greater for
postmenopausal women than for premenopausal (sensitivity
81% vs. 60%, specificity 91% vs. 73%) [5-8].

The prognosis of ovarian cancer remains poor mostly due
to late detection: in fact, 70% to 75% of cases are diagnosed
with advanced stage disease and have 5-year survival rates
between 10% and 30%. In contrast, early-stage disease
(stage I/Ila) has a S5-year survival rate of nearly 95% [9].
Attempts have been made to identify the disease at an
earlier stage through the use of various serum proteins in an
effort to increase survival rates; however, studies show that
while known markers can identify disease, specificity and
sensitivity are not yet adequate for screening.

Many other serum markers are presently being investi-
gated both for early detection/screening and as a means of
distinguishing benign from malignant disease [10] (Table 1).
Combination of multiple serum markers using an artificial
neural network (ANN) could improve specificity in
discriminating malignant from benign pelvic masses [11].

In contrast, first diagnosis of breast cancer is often possible
at initial stages through the usual monitoring examinations,
which include periodic mammography (MX), ultrasound
tomography, CA15-3, and macrophage colony-stimulating
factor (M-CSF) serum levels [12]. However, these markers
are observed prevalently in advanced disease.

The patients with high genetic risk are the special
population that needs to be followed; this group includes
women with BRCA1 or BRCA2 germline mutations or
who are at high familial risk. This population has an
elevated risk of developing breast and/or ovarian cancer.
Because of the early onset of the disease, screening of this
group of women should start at an earlier age than in the

Table 1 Potential markers for early detection of ovarian cancer

CEA erbB-2 (HER-2-neu)
CAT72-4 (TAG 72) CASA

HE4 LASA

Mesothelin CYFRA 21-1
YKL-40 TAT1

HMFG-2 IL-2 receptor

Galactosyltransferase Cathepsin 1

Placental alkaline phosphatase Urinary gonadotropin peptide
Tissue peptide antigen
NB/70K

M-CSF

Matrix metalloproteinases
OVXl1

CEA carcinoembryonic antigen, CA cancer antigen, M-CSF macro-
phage colony-stimulating factor, 74G-72 tumor-associated glycopro-
tein 72, CASA cancer-associated surem antigen, LASA lipid-associated
sialic acid, CYFRA 21-1 cytokeratin-19-fragments, 7AT/ tumour-
associated trypsin inhibitor
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general population. Breast magnetic resonance imaging
(BMRI), ultrasonography (US) with MX, and clinical breast
examination (CBE) have been suggested for screening [13],
but there are fewer reports of serum tests [14].

The aim of this study is to verify whether a panel of
serum markers can be used to predict or monitor ovarian
cancer in high-risk women and whether their combined use
improves sensitivity in detection ovarian cancer without
significant loss in specificity.

Materials and methods
Patients and clinical samples

From 1999 through 2005, 201 serum samples were
collected and analyzed from subjects in five different
categories (Table 2): (1) 26 patients with initial diagnosis
of ovarian cancer (6 stage I-II, 6 borderline tumor, 13 with
late-stage III-IV, 1 unknown stage); (2) 31 patients with
metastatic, relapsed ovarian cancer; (3) 28 patients
with benign gynecologic lesions; (4) 14 samples from
metastatic breast cancer (6 samples) and other cancers; and
(5) 102 healthy women at “high risk” for epithelial ovarian
or breast cancer who had BRCA1/BRCA2 mutations (33
samples), or a known mutation in BRCA1/BRCA2 in a
first-degree relative (26 samples), or a family history of
breast/ovarian cancer (43 samples). The median age of
women in this study was 48 years (range, 18-91 years).

Blood was drawn at the Oncology Clinic at Padua
Hospital (now the Veneto Oncology Institute). Blood
collection in this study was approved by the ethical
committee of the Oncology Clinic at Padua Hospital, and
all patients gave an informed consent before initiation of
the study. Blood was collected from cancer patients prior to
surgery or during follow-up. Blood from healthy women
with high risk was collected during the clinic visit. We
followed previous protocols of specimen collection [11]; in
briefly, samples were allowed to coagulate for 1 hour at
room temperature and were centrifuged at 4000 rpm for 10
minutes. Serum was then collected and aliquoted. Separated
serum specimens were stored at -80°C or below, and then
frozen shipped to M. D. Anderson Cancer Center, where
they were stored at -80°C until analysis. Samples were
thawed only once or twice.

Biomarker tests

We have selected six known biomarkers to analyze 201
serum specimens; these assays are CA125II, CA72-4,
CA15-3, CA19-9, OVX1, and M-CSF [1, 15-17]. Radio-
immunoassay kits (Fujirebio Diagnostics Inc., Malvern,
PA) were used to evaluate levels of CAI125I1, CA72-4,
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Table 2 Patient Population and number of elevated marker values
Group Number of  CAI125 CAT72-4 CAl15-3 CA19-9 OVXl1 M-CSF
Samples (>35U/ml) (>3.8U/ml) (>32U/ml) (>39U/ml) (>12.1U/ml) (>3.1ng/ml)
Initial diagnosis ovarian cancer 26 18 (69.2%) 15 (57.7%) 12 (46.1%) 11 (42.3%) 6 (23.1%) 14 (53.8%)
Metastatic ovarian cancer 31 20 (64.5%) 18 (58.1%) 16 (51.6%) 2 (6.4%) 2 (6.4%) 12 (38.7%)
Benign pelvic disease 28 1 (3.6%) 0 (0%) 1 (3.6%) 6 (21.4%) 1 (3.6%) 5 (17.9%)
Other cancer 14 4 (28.6%) 1 (7.1%) 6 (42.9%) 3 (21.4%) 1 (7.1%) 6 (42.9%)
High-risk healthy women 102 6 (5.8%) 9 (8.8%) 1 (1%) 5 (4.9%) 11 (13.4%) 5 (6.1%)
(no prior cancer)
BRCA+ subpopulation 33 1 (3.0%) 5 (15.5%) 0 (0%) 1 (3.0%) 5 (20%) 1 (4%)
Total 201

C4 cancer antigen, M-CSF macrophage colony-stimulating factor

CA15-3, and CA19-9. OVXI1 and M-CSF radioimmuno-
assays were developed as previously described [16, 17].
Cutoff values for the markers examined in this study
were: CA125 <35 U/mL, CA72-4 <3.8 U/mL, CA15-3
<32, M-CSF <3.1 U/mL, OVX1 <12.1 U/mL, and CA19-9
<39 U/mL. The cutoff levels of OVX1 and MCSF were
from Woolas et al. [15] and Skates et al. [18]; the cut off

Table 3 Mean, median, and range of different serum markers

levels of CA125 II, CA19-9, CA72-4, and CA15-3 were
from the manufacturer.

Artificial neural network analysis and statistical analysis

To evaluate the performance of the tumor markers in a
multivariate algorithm, four of the tested tumor markers

Markers (cutoff) Initial diagnosis

ovarian cancer (n=26)

Metastatic ovarian
cancer (n=31)

Benign pelvic
disease (n=28)

High-risk healthy women
(no prior cancer; n=102)

CAI125 (35 U/ml)

Mean 311.0 229.8

Median 290.9 94.0

Range 4.3-7353 4.3-719.0
CA72-4 (3.8 U/ml)

Mean 86.5 43.2

Median 4.8 6.3

Range 0.3-634.5 0.9-348.0
CA15-3 (32 U/ml)

Mean 110.06 94.9

Median 29.1 35.0

Range 3.73-415.5 7.0-490.7
CA19-9 (39 U/ml)

Mean 79.3 16.3

Median 19.0 7.4

Range 0-979.2 0-206.6
OVXI1 (12.1 U/ml)

Mean 8.0 5.7

Median 4.9 35

Range 0.6-29.1 0.4-32.7
M-CSF (3.1 ng/ml)

Mean 3.1 33

Median 32 2.9

Range 0-6.4 1.2-5.3

14.4 15.0
9.8 10.1
3.2-59.9 0-248.4
0.6 2.4

0.6 1.8
0-1.8 0-13.6
13.5 16.4
12.1 16.0
2.1-35.6 0-35.3
214 11.9
10.0 7.1
0-90.9 0-67.0
3.6 6.8

3.0 4.7
0.3-17.3 0.2-22.4
22 2.1

2.1 2.1
0.54.0 0-3.8

CA cancer antigen, M-CSF macrophage colony-stimulating factor
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were further used as inputs to be analyzed by a previously
reported ANN. The ANN was previously derived using a
training set from 100 apparently healthy women, 45 women
with benign conditions arising from the ovary, and 55
invasive epithelial ovarian cancer patients (including 27
stage I/Il cases). Details of the ANN and its validation on
early stage epithelial ovarian cancer have already been
published [19]. In the current article, the new data should
be considered as an independent validation since none of
the current samples were ever involved in the derivation of
the ANN. Receiver operating characteristic (ROC) curve
analysis was performed using Analyse-It 2.0 (Analyse-it
Software, Ltd., Leeds, UK).

Results
Serum biomarker test results in different groups

Two hundred one samples were analyzed for the six
markers. Table 3 describes the mean, median, and ranges
of individual markers for each of the clinical groups.

Initial diagnosis ovarian cancer

Of the 26 women with first diagnosis of ovarian cancer, 23
samples (88.5%) had elevated levels of at least one of the
markers examined. Among these patients, the number of
cases (%) with an elevated level of the individual markers,
CA125, CA72-4, CA15-3, CA19-9, OVXI1, and MCSF
were 18 (69.2%), 15 (57.7%), 12 (46.2%), 11 (42.3%), 6
(23.1%), and 14 (53.8%), respectively. When CA125 or
CA72-4 is above normal, they identified 21 of 26 cases and
improved the sensitivity to 80.8%. By adding M-CSF, 22 of
26 tumors were detected with a sensitivity of 84.6%.
Finally, by adding CA15-3, 23 of 26 tumors were identified
with a sensitivity of 88.5%.

Metastatic ovarian cancer

Among the 31 women with metastatic, relapsed ovarian
cancer, 20 (64.5%) women had levels of CA125 above 35
U/ml, 18 (8.1%) had elevated levels of CA72-4, 16 (51.6%)
had raised levels of CA15-3, 12 (38.7%) presented M-CSF
above cutoff values, and finally only 2 (6.5%) samples had
CA19-9 or OVXI1 above normal. Overall, 23 women
(74.2%) in this group had at least one marker elevated
above its corresponding cutoff value.

Benign pelvic disease

In this group, CA19-9, CA15-3, and M-CSF may be higher
than the cutoff values without any pathologic implication.
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However, CA72-4 results were always negative. Overall,
12 samples contained at least one marker level above
normal. Only 1 (3.7%) of the 28 patients with a benign
pelvic mass had an elevated CA125-1II level (>35 U/ml, but
<65 U/ml). Markers CA15-3 and OVX1 were elevated in
one sample each (3.7%), while five women (17.9%) had
elevated levels of M-CSF. CA19-9 was raised in six
samples (21.4%). Only two women (7.1%) in this category
presented more than one marker above cutoff values;
CA19-9 was elevated in both these. No sample in this
group was positive for both CA125 and CA72-4.

High-risk healthy women

Of the 102 healthy women at high risk for ovarian cancer, 6
(5.9%) had elevated CA125 levels (between 36 and 248 U/ml).
Three of the six women repeated CA 125 tests; for two women,
CA125 returned to the normal range, while one remained
elevated (<65 U/ml). Nine samples (8.8%) had high levels of
CA72-4. Only 1 patient (1%) presented elevated CA15-3,
while 5 (4.9%) samples had elevated CA19-9, 11 (10.8%) had
raised OVXI1, and 5 (4.9%) presented M-CSF above cutoff
values. Thirty-two (31.4%) women had at least one elevated
marker: 27 (26.5%) had only one marker above cutoff, while 5
(4.9%) had two raised markers. Nineteen of these 37 elevated
markers were repeatedly tested after 3 months or 1 year, six
(32%) were back to normal range, and the other 13 (68%)
remained elevated.

Within the high-risk group, 33 were BRCA+. Among
them, 11 (33.3%) had at least one elevated marker
including 2 samples (6.0%) who had two elevated markers.
These two samples were from two separate women who
were sampled repeatedly during follow-up; in one woman,
CA19-9 normalized, while OVX-1 remained elevated; and
in another woman, CA72-4 temporarily returned to normal
levels but rose again, while MCSF levels back to normal.
All samples provided during the course of 2 to 6 years,
respectively.

ANN analysis results

To assess the performance of the tumor markers in a
multivariate algorithm, we applied a previously trained
ANN, which combined the results of CA125 II, CA72-4,
CA15-3, and M-CSF into a single-value index and
compared the ANN index's performance with that of the
four individual markers. Figure 1 shows the distributions of
the ANN index values among the four clinical groups
(initial diagnosis ovarian cancer, metastatic ovarian cancer,
benign pelvic disease, and high-risk healthy women).
Significant differences were observed between ovarian
cancer (initial diagnosis plus metastatic) and noncancer
(benign plus high-risk healthy women) and between
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ovarian cancer and high-risk healthy women alone (p<
0.0001 in both comparisons using Mann-Whitney U test).

In receiver operating characteristic (ROC) analysis to
separate ovarian cancer (initial diagnosis and metastatic) from
noncancer (benign and high-risk healthy women), the area
under curve (AUC) by ANN was 0.89 (95% confidence
interval [CI], 829%-95%), CA125 II alone was 0.86 (95% CI,
79%—93%), CA72-4 alone was 0.80 (95% CI, 72%—87%),
CA15-3 alone was 0.81 (95% CI, 74%—-89%), and M-CSF
alone was 0.77 (95% CI, 69%—86%). Compared with the
ANN, CA125 alone identified 72% of the primary ovarian
cancers at a specificity of 95%. If either CA125 or CA72-4
were elevated, sensitivity rose to 80%. Adding M-CSF
improved sensitivity to 84%, and when CA 15-3 was included,
a sensitivity of 88% was achieved. Specificity of the four
marker panel was, however, reduced to 82.5%. By contrast, at
the same sensitivity of 88%, the ANN exhibited a much
higher specificity at 92.5% (p = 0.0105).

The overall improvement of the ANN in AUC over that of
CA125 is small and statistically insignificant. However, at
relatively high sensitivities (>80%), the improvement in
specificities at different sensitivity levels was quite noticeable;
for example, at a sensitivity of 82.1%, CA125 had a
specificity of 76.2% (95% CI, 67.9%-83.2%), while the
ANN had a specificity of 92.6% (95% CI, 85.9%—-96.7%). In
fact, the difference in partial AUCs corresponding to areas
where sensitivity >80% was statistically significant (p =
0.0086; Fig. 2).

Among the 102 sera from women at high risk, elevation
of CA125 II was found in 6, CA72-4 in 9, CA15-3 in 1,
CA19-9 in 10, OVX1 in 11, and M-CSF in 5. Thirty-two
women (31%) had at least one elevated marker level.
Among the 28 sera from benign pelvic diseases, elevated
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ovarian cancer ovarian cancer disease healthy women

ANN values
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Fig. 1 Boxplot showing medians, quartiles, and ranges of ANN
values of the four groups. Asterisk (*) indicates outliers. Differences
in median ANN values were statistically significant between ovarian
cancer (initial diagnosis + metastatic) and noncancer (benign + high
risk) and between ovarian cancer and high risk alone (» < 0.0001;
Mann-Whitney U test)
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Fig. 2 ROC curve of ANN analysis (black) and CA125 tests (gray).
The overall difference in AUCs between ANN and CA125 were not
statistically significant (p=0.1424). However, the difference in paired
comparison of partial AUCs corresponding to areas where sensitivity
>80% was statistically significant (two-tailed: p=0.0086)

CA125 11 was found in 1, CA15-3 in 1, CA19-9 in 6,
OVX1 in 1, and M-CSF in 5. Twelve samples (43%)
contained at least one marker level above normal. The
ANN was elevated (at ANN cutoff=0.0 with corresponding
sensitivity at 71.4%) in only 3 (3%) of 102 women at high
risk, and 1 (4%) of 28 women with benign pelvic disease.

Patient follow-up

All patients are followed up from 2 to 7 years. Among the
high-risk patients, two developed breast cancer in situ (one
is BRCA2+, one has family history of breast cancer) and
one (BRCA2+) developed in situ serous carcinoma of the
fallopian tube. These three patients had no elevated serum
markers. They were treated and are still disease-free.

Discussion

The first diagnosis of breast cancer is often possible at
initial stages through the usual monitoring examinations,
which include periodic MX, ultrasound tomography, CA15-
3, and M-CSF serum detection. Routine use of carcinoem-
bryonic antigen for monitoring response of metastatic
breast disease to treatment is not recommended. However,
in the absence of readily measurable disease, or an elevated
CA15-3, a rising carcinoembryonic antigen may be used to
suggest treatment failure [20]. In our study of metastatic
breast disease, CA15-3 is confirmed to be an important
marker, as in the literature.

On the contrary, the prognosis of ovarian cancer remains
poor mostly due to late detection; more than 70% of
patients are diagnosed with advanced-stage disease with 5-
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year survival rates between 30% and 40%. Currently, there
is no standard or routine screening test for ovarian cancer.
Tests that may detect ovarian cancer are being studied:
pelvic examination, transvaginal ultrasound, and CA-125
assay. Screening for ovarian cancer is under study, and
there are screening clinical trials taking place in many parts
of the world [21].

Attempts have therefore been made to identify the
disease at an earlier stage through the use of various serum
proteins. With respect to markers for early detection of
ovarian cancer, CA125, CA72-4, CA15-3, CA19-9, OVXl1,
and M-CSF have been described [15, 22].

Follow-up of high-risk women usually includes longitu-
dinal marker measurements (either CA125 alone or a panel
of markers) and transvaginal ultrasound. At present, a
multimodal approach seems to be the best strategy. In fact,
current screening guidelines recommend the use of recto-
vaginal examination, pelvic/transvaginal ultrasound, and
CA125 serum levels in women at high risk. In the present
study, we used six markers to test 102 high-risk women
who had BRCA1/BRCA2 mutations, or a known mutation
in BRCA1/BRCA2 in a first-degree relative, or a family
history of breast/ovarian cancer.

We evaluated the performance of several tumor markers
and used the data to test a previously reported ANN for their
potential use in high-risk populations. While serum markers
can detect ovarian and breast cancer in women, sensitivity of
individual markers is often poor for early-stage diseases.
Combining biomarkers in a consensus panel using the “OR”
logic relationship could improve sensitivity, yet, as shown in
the current data, at the cost of a significantly elevated false-
positive values. ANN allows us to combine multiple tumor
markers nonlinearly to improve the overall diagnostic
accuracy. The ANN tested in the current study was developed
previously for detecting early-stage epithelial ovarian cancer
from apparent healthy women and was found to perform
better than CA125 alone with statistical significance [19]. In
the current study, the ovarian cancer cases were mostly late-
stage or metastatic disease. However, compared with using
the markers in a consensus panel, the ANN was able to
achieve the same improvement in sensitivity (equivalently,
negative predictive value) without a significant loss in
specificity among noncancer high-risk women. Women at
high risk for ovarian cancer are more likely to be under
active surveillance for early signs of cancer. A noninvasive
serum test with a high negative predictive value would be
clinically useful for such a purpose. It would be therefore of
interest in future studies to validate the ANN's ability to
detect early-stage ovarian cancer among high-risk women.
Due to the elevated cancer prevalence in such high-risk
populations, the use of a multivariate predictive index such
as this ANN might be a viable approach before it can be
established in more general populations.
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