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Abstract.
BACKGROUND: Combination of different cancer markers is often used for predicting tumor growth, for the response to cancer
therapy, and for increase in the positive diagnosis ratio in the malignant tumors.
OBJECTIVE: Evaluation of the diagnostic efficacy of CA 15-3 and CA-62 cancer markers combination for early stages of breast
cancer (BC) detection.
METHODS: This blind study was performed on 2 clinically validated Sets that included serum measurements of CA 15-3 ELISA
and CLIA-CA-62 assays in 488 serum samples with TNM classification. A study included 300 BC patients (254 at Stages I and
II, 20 with ductal carcinoma in situ (DCIS), and 26 Stages III and IV patients), 47 patients with breast benign diseases, and 141
healthy controls.
RESULTS: Sensitivity for DCIS & Stage I breast cancer detection was 75% at 100% Specificity (AUC = 0.895) using a following
combination of two antigens: 10 < CA15-3 < 46 U/ml and CA-62 > 6300 U/ml, which allows eliminating false positive results.
CONCLUSIONS: The results obtained in a blind study demonstrate that a combination of CA15-3 with CA-62 yields 75%
Sensitivity at 100% Specificity for DCIS and Stage I breast cancer detection, which has a potential to be integrated into existing
screening programs.
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1. Introduction

Global cancer statistics confirms that in the last
decade female breast cancer has become the most
prevalent cancer in women, with more than 2 million
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9663188683; E-mail: janneta_tcherkassova@oncomarker.ru.

cases worldwide corresponding to 11.7 cancer inci-
dence [9]. At the same time the global epidemiological
reports [20] indicate that the breast cancer mortality rate
has increased significantly in the last decade demon-
strating an annual overall increase by 0.23%. Major-
ity of the global breast cancer patients are diagnosed
in the USA, Canada, Mexico, South America, Nordic
countries, France, Switzerland, Israel, and the Nether-
lands [26]. In Russia, around 50,000 new BC cases are
diagnosed every year, and approximately 30% of them
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are detected at advanced stages of cancer, which causes
high net mortality rate. Cumulative risk of the breast
cancer development is equal to 5.4% for a woman’s life-
time, and the incidence rate of breast cancer increases
with age from less than 0.5% at 40 years of age to 2.86%
at 60 years of age. Some other factors, such as heredi-
tary breast and ovarian syndrome caused by BRCA1 &
BRCA2 mutations, age-related changes in the female
sex hormones levels up to 10 times increase the risk of
breast cancer in this risk group than the baseline [9,25].

Women with breast cancer diagnosed at Stage I
have 98 percent or higher survival rate in the first five
years [2,9]. Obviously that non-invasive ductal carci-
noma in situ (Stage 0) and early stages of breast cancer
have better outcomes than more advanced stages of can-
cer. Over the course of the last two decades, a number of
achievements have taken place in breast cancer research
that significantly improved the chances for patient’s
survival. Some significant advances in breast cancer
screening methods, breakthroughs in cancer treatments,
most recent achievements in molecular biology and
molecularly targeted therapies provided better under-
standing of breast cancer development, enabling the
design of the novel highly effective and safe treatment
strategies. Breast cancer screening techniques include
various tests such as mammography, magnetic reso-
nance imaging, and ultrasound with or without elastog-
raphy [2]. Currently there are a few ongoing clinical
observational or prevention clinical trials for breast can-
cer such as BRCA-P (BCT 1801/ABCSG 50) or BCT
2001 (Breast MRI Evaluation) aimed to create the new
methods to detect, precisely diagnose breast cancer, and
reduce the risk of the disease for patients today and in
the future.

The development of screening techniques for early
detection of breast cancer is challenging due to high
prevalence of the disease and the differentiation of be-
nign and malignant breast tumors. The biggest draw-
back of the overall screening is related to the very
high cost of the screening programs, which have sig-
nificant budget implications, depending on the size of
the population and the healthcare system resources in-
volved [22]. Currently the most commonly used screen-
ing test for breast cancer in women without any symp-
toms is mammography, however it allows detecting
only some fraction (from 20 to 60%) of Stage I breast
cancer overlooking a majority of cases due to calcifi-
cations, imprecise aligning, biases, parenchyma den-
sity, and misinterpretations [4,13,21,28]. As it turns out,
a successful combination of various imaging methods
such as mammography & MRI allows providing bet-

ter detection of early stages of breast cancer (BC) as
compared to single method’s use.

Besides imaging methods of diagnostics developed
over the past few decades, some immunoassays based
on blood serum biomarkers provide a non-invasive
promising approach for improving detection and moni-
toring of breast cancer [30]. For instance, a well-known
cancer marker CA 15-3, an O-glycoprotein of the mucin
family is commonly used for breast cancer control ma-
nagement [2,28]. Despite its low sensitivity for early
stages of breast cancer detection, CA 15-3 cancer anti-
gen is extensively used for cancer treatment monitoring
in combination with clinical examination and various
imaging methods and for early detection of cancer re-
currence [1,6]. As opposite to the mucin CA 15-3, a
marker for epithelial carcinomas CA-62 have demon-
strated its diverse clinical potential for early detection
of epithelial cancers of the breast, prostate, lung, and
colon for screening, cancer treatment monitoring, and
cancer recurrence detection [11]. Heavily glycosylated
N-glycoprotein CA-62 is a mesenchymal marker that is
expressed in large quantities from the onset of cancero-
genesis, starting from the abnormal cells production by
non-invasive carcinomas in situ, which is the unique
quality of this biomarker.

In this paper, we present the results of the clini-
cal blind study to discuss the combined use of two
glycoproteins CA 15-3 and CA-62 for Stage I breast
cancer detection using an elevated cutoff value to eli-
minate false positives among healthy women. Overall,
we assessed a combined use of CA 15-3 and CA-62
cancer markers for Stage I breast cancer detection and
DCIS, as well as sensitivity (Sen), specificity (Sp), po-
sitive predictive value (PPV), negative predictive value
(NPV), area under the curve (AUC), and test accuracy
for early stages of breast cancer detection.

2. Materials and methods

2.1. Serum samples

All cancer serum samples were taken before the treat-
ment administration. Tumor staging was performed ac-
cording to the tumor, lymph node, metastasis (TNM)
classification by AJCC 8th Edition [14]. The TNM Sys-
tem for describing the anatomical extent of a neoplasm
is based on 3 components: T – the size or direct extent
of the primary tumor, N – the degree of cancer spread
to regional lymph nodes, and M – the presence of dis-
tant metastases. Histopathological classification of the
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Table 1
Baseline characteristics of the patients

All sets
Breast cancer
N = 300

Breast benign
N = 47

Healthy
N = 141

Total
N = 488

Set 1 (blind) N = 257 N = 0 N = 69 N = 326
Set 2 (blind) N = 43 N = 47 N = 72 N = 162
Age, years

Mean 64 years 46 years 55 years 59 years
Median 66 years 46 years 54 years 61 years
Range 24–93 24–72 20–85 20–93

Age group, n (%)
< 50 years 49 (16,3%) 31 (66%) 46 (32,6%) 126 (25,8%)
from 50 to 60 years 48 (16%) 12 (25,5%) 51 (36,2%) 111 (22,7%)
from 60 to 70 years 103 (34,3%) 3 (6,4%) 34 (24,1%) 140 (28,7%)
from 70 to 80 years 81 (27%) 1 (2,1%) 8 (5,7%) 90 (18,4%)
> 80 years 19 (6,3%) 0 (0%) 2 (1,4%) 21 (4,3%)

Race, n (%)
Caucasian 264 (88%) 47 (100%) 141 (100%) 452 (92,6%)
Asian 36 (12%) 0 (0%) 0 (0%) 36 (7,4%)

Clinical cancer stage, n (%)
DCIS (0) 20 (6,7 %) N/A N/A N/A
Stage I 157 (52,3 %)
Stage II 97 (32,3 %)
Stage III 13 (4,3 %)
Stage IV 13 (4,3 %)

Benign breast diseases, n (%)
Fibroadenoma 23 (49%) N/A N/A N/A
Fibroid-cystic disease 10 (21%)
Mastitis 4 (8,5%)
Papilloma of the milk gland 3 (6%)
Other (calcification, inflammation, keratosis, breast cyst, 6 (12%)
galactorrhea etc.)

Region, n (%)
USA 243 (81%) 47 (100%) 72 (51.1%) 362 (74.2%)
Russian federation 57 (19.0%) 0 (0%) 69 (48.9%) 126 (25.8%)

breast tumors was used as the gold standard in breast
cancer diagnosis. The entire set of serum samples, in-
cluding Set 1 and Set 2 was separated by centrifugation
(1300 g, 10 minutes) in BD SST tubes with silica clot
activator and separating gel, heat inactivated at 56◦C for
30 min using standard operating procedures for serum
collection [10,19] and stored at −86◦C until used. The
median age of healthy individuals was 56 years of age
(range 44–85 years) and 66 years of age for breast can-
cer patients (range 24–93).

Total of 488 blind serum samples from 300 histologi-
cally confirmed breast cancer patients with known TNM
classification, 47 patients with benign breast diseases
and 141 healthy individuals were included in this study.
The study included 2 validated sets. Blind validated
Set 1 included 326 serum samples including healthy
controls (N = 69), Stage I (N = 141), Stage II (N =
83), and Stage III (N = 13) breast cancer patients, as
well as patients with ductal carcinoma in situ (DCIS,
N = 20). Another blind validation set 2 contained 162
archived specimens including healthy controls (N =
72), breast benign patients (N = 47), Stage I (N = 16),

Stage II (N = 14), and Stage IV (N = 13) breast can-
cer patients was obtained from the Bio Specimen bank
Precision For Medicine, Inc (USA). Majority of cancer
samples (98%) from Sets 1 and 2 were from patients
with early invasive stages of breast cancer (Stages I
and II; N = 254) and non-invasive ductal carcinoma in
situ (DCIS; N = 20). Majority (81%) of breast cancer
patients was identified by screening test and 19% was
identified by clinical presentation.

Blood from healthy control subjects (N = 69) of
a Set 1 as well as part of pre-treatment breast cancer
serum specimens (N = 57) were collected and pro-
cessed according to the standard approved protocol at
the Sechenov First Moscow State Medical University
(“Sechenov University”), Moscow, Russia, for another
prospective study, processed and stored at −86◦C un-
til used. Another part of breast cancer serum samples
(N = 200) included in Set 1 and Set 2, as well as
healthy controls (N = 72) and breast benign (N = 47)
samples were obtained from the Bio Specimen bank
Precision For Medicine, Inc (USA). The baseline char-
acteristics of the patients are presented in Table 1.
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2.2. Ethics approval and consent to participate

The study was approved by the Ethics Committee of
the Sechenov First Moscow State Medical University.
All patients were given an informed consent to partici-
pate in the study. In total 57 patients with histologically-
confirmed BC and 69 healthy subjects from the prospec-
tive study were included in the analysis. Serum sam-
ples were collected at the Sechenov University Hospi-
tal after overnight fasting and delivered to the Clinical
laboratory. The rest of serum samples were collected
as consented donor samples from Federal licensed/re-
gistered facility following GMPs. The protocol for the
study was approved by the local IRB. The informed
consent for archived samples from the bio bank was not
required by IRB.

2.3. Statistical analysis

The distribution of CA-62 and CA 15-3 levels in sera
from healthy, breast benign, and breast cancer patients
were tested for normality using the histograms. The
determination coefficient (r) was used to evaluate the
correlation between cancer antigen’s CA-62 and CA
15-3 serum levels. Since CA-62 values differ by 1000
times from CA 15-3 values, the original measurements
for each cancer antigen in different sample cohorts were
log transformed (log10) before the analysis for obtain-
ing the same equivalent scales. The ROC curves for
the comparison and the distribution of both tumor mar-
kers CA-62 and CA 15-3 for different stages of breast
cancer and non-cancer samples were plotted using mul-
tiple variables graph tool with default settings of the
MedCalc statistical software (version 19.7.4, MedCalc
Software Ltd, Belgium, EU). A combination of two
antigens was presented both in graphical and statistical
formats. To plot the ROC curve for the combination of
CA-62 and CA 15-3 cancer markers using defined pa-
rameters the following technique was developed: a con-
version of two independent parameters, such as CA-62
and CA 15-3 values to one arbitrary value correspond-
ing to the principles-based developed testing approach.
The method is described in detail in the Results.

Diagnostic characteristics of CA 15-3 ELISA, CLIA-
CA-62 assay, and their combination were evaluated
based on sensitivity and specificity, test accuracy, PPV,
NPV, and the ROC-curves AUC for different IVD me-
thods were compared. The level of significance was
set at p < 0.001. To classify a specimen as positive
or negative, were used recommended cutoff values for
single cancer antigens and a new combination of cutoff

values for each antigen was determined that resulted in
100% specificity.

2.4. The sandwich CA 15-3 ELISA immunoassay

CA 15-3 solid-phase one-step sandwich ELISA (Fed-
eral Service for Surveillance in Healthcare of Russia
(FSSH) – approved in vitro diagnostic (IVD) medical
device from Vector-BEST, Novosibirsk, Russia, Serial
No # T-8472) is designed for the quantitative measure-
ment of the cancer antigen CA 15-3 bound between two
types of monoclonal antibodies specific to different epi-
topes of CA 15-3 cancer antigen in human serum. Cap-
ture CA 15-3 specific monoclonal antibodies (Mabs)
were immobilized in the wells of the microplate pro-
vided in the kit. CA 15-3 calibration standards, serum
samples. Positive control, and a working solution of the
secondary anti-CA 15-3-HRP Mab are then added to the
wells that react with the antibodies to form the immune
complex of the HRP-enzyme with Mab-CA-15-3 that
generates measurable optical signal to be recorded by
ELISA colorimetric reader. A linear calibration curve
CA 15-3 is plotted for the quantitative measurement
of the analyte concentration in unknown specimens.
The intensity of the optical density (O.D) is directly
proportional to the concentration of CA 15-3 antigen
present in the analyzed specimens. Time-to-result: 3.5
Hrs. Sensitivity of the assay: 0.5 U/ml, a diagnostic
range: 10–250 U/ml, a detection method: colorimet-
ric. The cut-off value (30 U/ml) was recommended by
the manufacturer based on CA 15-3 levels in sera from
healthy females (N = 97) of 18–50 years of age.

2.5. Human CLIA-CA-62 immunoassay

The Human CLIA-CA-62 assay (FSSH – approved
IVD medical device from JVS Diagnostics LLC,
Moscow, Russia, Serial No # CLIA-CA-62-200221)
is designed for the quantitative measurement of the
carcinoma-specific antigen CA-62 in human blood
serum for the detection of various epithelial carcino-
mas in the adult population, regardless of their gen-
der and race. A set of reagents is based on a com-
petitive solid-phase chemiluminescent immunoassay,
where the competition for active binding sites of spe-
cific anti-CA-62 Mab, captured on the wells of the pro-
vided microplate carried out between the cancer anti-
gen present in the analyzed sample and the luminescent
CA-62 conjugate. Serum samples, CA-62 standards,
Positive control, and CA-62 conjugate solution are then
added simultaneously to the wells that react with the
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capture antibodies to form the {anti-CA-62-Mab-(CA-
62-Acridinium ether)} complex which produces light
emission to be recorded by flash chemiluminescence
reader. The intensity of the luminescent light emission
is inversely proportional to the concentration of the an-
alyte in the sample. A marker for epithelial carcinomas
CA-62 is N-glycoprotein that is significantly elevated
in patient’s serum with primary epithelial carcinomas
such as breast, prostate, lung, ovaries, and colon, in-
cluding those with stage I disease. A series of Stan-
dard calibrators CA-62 are tested simultaneously with
the samples for plotting a Logit-Log calibration curve
for the quantitative determination of the glycoprotein
CA-62 in measurement units (U/ml) in unknown sam-
ples. CLIA-CA-62 designed as an assisting method of
in vitro diagnostics that is intended to help a doctor
with clinical decision-making. It is recommended by
the manufacturer for early cancer detection in combina-
tion with clinical information and other diagnostic pro-
cedures. Measurements were made following manufac-
turer’s instructions. Sensitivity of the assay: 35 U/ml;
Measurement range: 50–10,000 U/ml. The total analy-
sis time is 3.5–4 hours. The cut-off value (5000 U/ml)
was recommended by the manufacturer based on CA-
62 levels in sera from 513 healthy individuals of 18–72
years of age.

3. Results

3.1. Measurement of CA 15-3 and CA-62 serum levels
in breast cancer, breast benign patients, and
healthy controls

The entire set of serum samples was analyzed us-
ing in vitro diagnostic FSSH – approved IVD medical
devices, such as sandwich CA 15-3 ELISA assay and
a competitive chemiluminescent immunoassay CLIA-
CA-62 for CA-62 glycoprotein concentration measure-
ment. Table 2 shows the descriptive statistics of CA
15-3 and CA-62 values in the serum of various stages
of breast cancer, benign breast diseases, and healthy
controls. CA 15-3 values correlated with the literature
data [12,14] for the early and advanced stages of breast
cancer. Measuring serum levels of cancer markers CA-
62 and CA 15-3 in 488 serum samples (300 samples
from patients with histopathological confirmation of
breast cancer, 47 samples from breast benign patients
and 141 samples from apparently healthy women) have
established that CA-62 antigen was found to be ele-
vated (12286 U/ml) in 279/300 (93%) breast cancer

patient’s samples (111/300 (37%) elevated serum level
for CA 15-3 marker) as compared to its level in healthy
women (2679 U/ml) and women with breast benign
diseases (4465 U/ml). As opposed to CA 15-3, serum
values for CA-62 glycoprotein have demonstrated the
highest mean value for DCIS (Stage 0) (12223 U/ml)
and Stage I (11856 U/ml) of breast cancer, that were
decreasing with more advanced stages: Stage II (10092
U/ml), and Stages III and IV (9850 U/ml). Using rec-
ommended cutoff values for CA 15-3 ELISA and the
CLIA-CA-62 assay the sensitivity was calculated for
all stages of breast cancer, including Stage 0 (DCIS).
The results obtained are presented in Table 3. It is worth
mentioning that whereas the sensitivity of CA 15-3 is
lower for early stages (20%–37%) as compared to ad-
vanced stages of breast cancer (46%), a sensitivity for
the marker for epithelial carcinomas CA-62 is very high
in all stages, with its maximum at pre-invasive DCIS
(Sen = 95%) and Stage I (Sen = 97%) breast cancer
that is decreasing with more advanced BC stages: Sen
= 88% for Stage II, and Sen = 85% for stage III.

Despite the CA-62 marker’s close mean and median
values, the difference in the sensitivity of CA-62 for
various stages is significant. The p-values for each stage
demonstrate that a correlation was significant (p <
0.001) at 95%-alpha level. However, it does not explain
the difference in sensitivity for Stage I vs Stage II vs
Stage III and IV. Two-tailed p-values for the sensitivity
comparison of different stages of the CA-62 test are:
p = 0.0002 (Stage II vs DCIS & Stage I), p = 0.0138
(Stage III and IV vs Stage I), p = 0.8842 (Stage III
and IV vs Stage II). For CA 15-3 all the values are not
significant (p > 0.05): p = 0.1321 (Stage II vs DCIS
& Stage I), p = 0.2087 (Stage III and IV vs Stage I),
p = 0.7908 (Stage III and IV vs Stage II). Therefore,
for the assessment of the tests performance we used
the Receiver operating characteristic (ROC) analysis
(Fig. 1), which is widely accepted as the most complete
way for quantification and reporting accuracy in two-
group classification. ROC-curve analysis allows achiev-
ing comprehensive means for comparing different tests
by providing information about all possible pairs of
achievable sensitivity and specificity values. Figure 1
demonstrates the difference in the assay performance
in Stages I, II, III and IV.

3.2. ROC curve analysis

The comparison of ROC curves for both tumor mar-
kers CA-62 and CA 15-3 for different stages of breast
cancer and non-cancer samples (breast benign and
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Table 3
Sensitivity of CA 15-3 ELISA and CLIA-CA-62 assays for different stages of breast cancer using recommended cutoff values

Assay Cutoff Specificity Sensitivity
All stages DCIS Stage I Stage II Stage III Stage IV

CA 15-3 ELISA 30 Units/ml 95% 111/300 (37%) 4/20 (20%) 56/157 (36%) 40/97 (41%) 6/13 (46%) 5/13 (38%)
AUC, p-value 0.720 0.720 0.722 0.812 0.843 0.862

0.0002 0.0002 < 0.0001 < 0.0001 < 0.0001 < 0.0001
CLIA-CA-62 5000 Units/ml 95% 279/300 (93%) 19/20 (95%) 153/157 (97%) 85/97 (88%) 11/13 (85%) 11/13 (85%)
AUC, p-value 0.976 0.976 0.992 0.944 0.925 0.967

< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

Fig. 1. Combined ROC curves of CA 15-3 (a) and CA-62 (b) cancer markers for each stage.

healthy control subjects) were plotted using graph tool
with default settings of the MedCalc statistical software.
To classify a sample as positive or negative, originally
were used recommended cutoff values for single cancer
antigens and later was determined a new combination
of cutoff values for each antigen that resulted in 100%
specificity. Figure 1 shows the CA 15-3 (a) and CA-62
(b) ROC curves for Stage 0 (DCIS), Stage I, Stage II,
and Stages III and IV. The overall performance of the
CA 15-3 ELISA was lower (AUC = 0.72) and rather
expected for early stages of breast cancer (Sen = 37%)
and for more advanced stages (Sen = 46%). The ca-
pacity to discriminate breast cancer from non-cancer
controls was more noticeable for CLIA-CA-62 assay
with AUC = 0.96, especially for non-invasive Stage 0
(DCIS) and Stage I (AUC = 0.976 for CA-62 vs AUC
= 0.759 for CA 15-3) (Table 4).

To plot the ROC curve for the combination of CA-62
and CA 15-3 cancer markers using defined parame-
ters was implemented the following mathematical tech-
nique: a conversion of two independent parameters,
such as CA-62 and CA 15-3 values, to one arbitrary
value corresponding to the principles-based developed
testing approach in accordance with the following ma-
thematical transformations:

(a) Samples with 10 < CA15-3 < 30 were assigned
the actual values of more sensitive CA-62;

(b) Samples with CA 15-3 > 30 U/ml were assigned
the values equal to:

CA 15-3
30

∗ 6300 [U/ml]

(c) Samples with CA 15-3 < 10 U/ml were assigned
the values equal to:

CA 15-3
10

∗ 6300 [U/ml]
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Table 4
Comparison of ROC curves

Marker AUC SE1 95% CI2 Difference between areas
DCIS & Stage I (a) CA-62 0.996 0.00198 0.982–1.000 0.233

CA 15-3 0.763 0.0261 0.713–0.809
Stage II (b) CA-62 0.944 0.0182 0.907–0.970 0.12

CA 15-3 0.824 0.0275 0.769–0.870
Stage III (c) CA-62 0.966 0.0208 0.926–0.988 0.102

CA 15-3 0.863 0.0365 0.802–0.912

1. Standard Error, DeLong et al., 1988. 2. 95% Confidence Interval, Binomial exact.

Table 5
The diagnostic characteristics of the biomarkers

Sensitivity, % Specificity, % PPV NPV Test accuracy
Test CA 15-3 Cutoff 30 units 118/300 (39.3%) 96.8 0.95 0.50 0.61
Combination CA 15-3 > 30 U/ml; or 10 < CA 15-3 < 30 U/ml 239/300 (79.7%) 96.8 0.98 0.75 0.86

& CA-62 > 6300 U/ml
Combination CA 15-3 > 46 U/ml; or 10 < CA 15-3 < 46 U/ml 226/300 (75.3%) 100.0 1.00 0.72 0.85

& CA-62 > 6300 U/ml

Therefore, samples were considered as “positive”
if: CA15-3 > 30 U/ml, 10 < CA15-3 < 30 U/ml and
CA-62 > 6300 U/ml, and “negative” otherwise. This
approach allows the samples to have only one param-
eter to be considered. The ROC curves were plotted
in accordance with the TNM classification. Diagnostic
characteristics of CA15-3 ELISA, CLIA-CA-62 assay,
and a combination of CA15-3 & CA-62 tumor markers
were evaluated based on their sensitivity and specificity,
test accuracy, PPV, NPV, and (ROC) curves were com-
pared for different IVD methods. The level of signifi-
cance was set at P < 0.001. These data are presented
in Table 5 and Fig. 2. The ROC curve analysis confirms
our hypothesis that a combination of biomarkers se-
lected produces better results for DCIS & Stage I detec-
tion than CA 15-3 cancer marker alone (AUC 0.895 vs
0.752) and other previously proposed panel of markers
containing PENK, pro-SP, hGH and CA15-3 (AUC =
0.785) [13].

3.3. Combination of serum values of CA 15-3 and
CA-62 cancer antigens

Given the incidence rate of breast cancer and the lim-
ited sensitivity (60–90%) of the mammography com-
monly used for breast cancer detection caused by many
possible influences, such screening approach produces
a large number of “false positive” results for women
with “suspicious mammograms”, which are incorrectly
categorized as positive for the presence of disease. Pear-
son correlation analysis demonstrated low correlation
coefficient between CA 15-3 and CA-62 values for the
entire set of samples (r = 0.2132, p < 0.001), which

Fig. 2. ROC-curve for Stage I with DCIS using a combination of CA
15-3 and CA-62.

indicates an absence of the linear regression between
two variables. However, plotted correlation between
CA 15-3 and CA-62 serum values revealed that the ma-
jority of cancer samples are “scattered” in one quadrant,
located above 10 U/ml of the mucin CA 15-3 and above
6300 U/ml of CA-62 glycoprotein. That allowed us to
set up a hypothesis suggesting that a combination of
the two biomarkers selected could potentially improve
early-stage breast cancer detection by considerable in-
crease in sensitivity at 100% specificity. To maximally
increase the detection of Stage I breast cancer, we have
decreased a cutoff value for CA 15-3 cancer antigen to
10 U/ml and at the same time increased an established
CA-62 cutoff value to 6300 U/ml in order to reach
100% Specificity that allows eliminating false positives
results. As expected, such high specificity cutoff value
reduces the sensitivity of CA-62 cancer marker alone,
but at the same time brings the overall Sensitivity of
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Fig. 3. A correlation between CA 15-3 and CA-62 cancer markers. A 100% Specificity cutoff value for CA 15-3 and CA-62 required a log scale on
the x-values.

the biomarker’s combination to clinically useful values
(Sen = 75%).

We have determined the optimal combination for two
biomarkers (Ca 15-3 & CA-62), which considers sam-
ples as “positive” if 10 < CA 15-3 < 30 U/ml and CA-
62 > 6300 U/ml or CA 15-3 > 30 U/ml, and “negative”
otherwise with 79.7% sensitivity at 96.8% specificity.
The combination of CA-62 with CA 15-3 {10 < CA
15-3 < 46 U/ml and CA-62 > 6300 U/ml or CA 15-3 >
46 U/ml} at a 100% Specificity increased the sensitivity
of the DCIS, Stage I and II breast cancer detection from
39% to 75% that were “invisible” by CA 15-3 assay
alone (Fig. 3, Table 5). Table 5 demonstrates the diag-
nostic characteristics of the biomarkers selected for the
entire studied set of breast cancer samples. Increasing
the specificity of the biomarker’s combination to 100%
allows eliminating the false positive results occurrence,
which usually harms screening programs.

4. Discussion

In this paper we present the results of the blind study
to discuss a combined use of two glycoproteins CA
15-3 and CA-62 for Stage I breast cancer detection us-
ing a very high cutoff value for both markers to elim-
inate false positives among healthy women. A com-
bination of the IVD chemiluminescent CLIA-CA-62
and colorimetric CA 15-3 ELISA assays appears to of-
fer prospective cost-effective solution for novel breast
cancer primary screening strategy prior mammography.

Breast cancer is a silent killer, with very minor symp-
toms that are associated with yet invasive late-stages
of the disease. The incidence rate of breast cancer is
around 90 per 100,000 women in Western Europe and
North America and around 57 per 100,000 women
in Eastern Europe. With such frequency a successful
screening strategy must provide a sensitivity of at least
75% at close to a 100% specificity to significantly de-
crease a probability of detecting false positive results. A
number of screening approaches using cancer biomar-
kers and their panels were used in the past such as a
screening study in the UK Collaborative Trial [15,24].

Currently the mammographic screening is the most
common approach to breast cancer detection worldwide
and it is the only one test clinically proven to decrease
mortality rates [2]. Besides the obvious advantage of the
mammography which allows detecting the malignant
tumors less than 5 mm (26.9 % of BC cases) including
some carcinomas in situ (DCIS), it has some significant
drawbacks. For example, the mammographic screening
of women is producing a significant amount (3/4) of
“suspicious mammograms” (2.2%; 2200 per 100,000
women) that are not associated with breast cancer and
considered as false positive results, decreasing a diag-
nostics efficacy of this screening strategy [20]. As it
was demonstrated by authors [4,23] based on the re-
sults of the multicenter clinical trials, about 40% of BC
cases are “missed” early-stage as a result of the detec-
tion and misinterpretation errors (dense parenchyma,
calcifications, distortions, poor aligning etc). Therefore,
the mammography detects only 63–90% of breast can-
cers in patients at screening that gives a probability of
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10 to 37% that the breast cancer will not be detected.
According to the WHO screening recommendations [5]
the overpriced economic costs to the health care sys-
tem in regards to screening programs are related to a
large number of false positive results that causes over-
diagnosis, over-treatment, false positives, and strain on
health systems. The quality of the screening test is de-
scribed in terms of Sensitivity and Specificity. It is de-
sirable that the screening test has a high PPV. On an-
other hand, high NPV, a posteriori probability given a
negative test result, reflects, first of all, the probability
for someone to truly be healthy, in case of a negative
test result, but not a reduction in costs. This leads to
late cancer detection, which can be offset by regular
screening with high sensitivity and specificity.

Therefore, there is a need in a new cost-effective ap-
proach that will result in a high positive predictive value
(PPV) and a minimum rate of false positive results. It
could be an improvement of the current mammographic
approach using an additional instrumental method for
visual detection of the vascularization associated with
malignant tumors or a combination of the mammogra-
phy with sensitive in-vitro diagnostic methods.

The results reported in this paper strongly suggest
that the CLIA-CA-62 chemiluminescent assay is able
to detect a significant increase in the CA-62 serum
level of breast cancer patients in the DCIS, Stage I,
Stage II, and Stages III and IV as compared to healthy
women and women with benign breast lesions. The
established overall sensitivity of CA 15-3 assay for
breast cancer detection is in the range from 20 to 50%,
which correlates with our findings (Sen = 20–46%)
with lower values for DCIS (20%) and Stage I (36%)
and higher values for Stage II (41%) and Stages III and
IV (46%). CA 15-3 has low sensitivity for detection
the early stages of breast cancer, however it is widely
used for cancer treatment monitoring of patients with
advanced stages of breast cancer [16,18].

Unique quality of the marker for epithelial carcino-
mas CA-62 consists in its significant expression from
the onset of cancerogenesis with its maximum produc-
tion at non-invasive carcinoma in situ DCIS and Stage I
breast cancer (Sen = 95–97%), which decreases with
the tumor progression: localized Stage II (Sen = 88%)
and regional or distant Stages III and IV (Sen = 85%).
Consider an absence of correlation between serum lev-
els of CA 15-3 and CA-62 glycoproteins, a combination
of two markers approach was proposed to determine
whether it could potentially improve the sensitivity and
the specificity of Stage I breast cancer detection. The
results of the plotted values for CA 15-3 and CA-62

cancer markers demonstrated that the majority of can-
cer samples are “scattered” in one quadrant, located
above 10 U/ml of the CA 15-3 marker and above 6300
U/ml for CA-62. Standard cut-off values for CA 15-3
ELISA > 30 U/ml, and for CLIA CA-62 > 5000 U/ml
were used to determine the sensitivity and specificity,
AUC area under curve, CI confidence interval for the
individual assays. It is worth mentioning that the ma-
jority of the benign patients studied with CA-62 marker
have demonstrated its baseline or slightly elevated level
as compared to the high values for breast cancer spe-
cific cancer marker CA 15-3. Some of the breast be-
nign specimens have demonstrated a slight increase in
CA-62 level that might indicate a transitional stage of
the tumor becoming malignant, which indeed was con-
firmed lately for some benign patients. The sensitivity,
specificity, PPV, and accuracy of the CLIA-CA-62 IVD
assay alone were 93%, 95%, 0,98, and 90%, which is
approximately 1.5 times higher as compare to visual
methods of diagnostics such as ultrasound, MRI, and
mammography [2]. It is especially worth emphasizing
the superior detection rate (97%) of the CLIA-CA-62
IVD assay from other cancer markers performance and
their panels that are currently available for the detection
of DCIS and Stage I of BC. Other methods of diagnos-
tics for early-stage breast cancer have sensitivity from
27% for CA 15-3 assay alone [16,18] or 55% for multi-
cancer early detection test MCED [6] to 50% for mam-
mography and 80% for MRI [8]. As it was demonstrated
by [3] a screening of the pre-diagnosis 239 BC samples
and cancer-free controls using 9 candidate biomarkers
including CA 15-3, HSP90A and PAI-1, a combina-
tion models outperformed single markers, none of the
candidates or their combinations were found useful for
screening. Authors of another screening study [15] have
assessed the suitability of a biomarker panel (PENK,
pro-SP, hGH and CA15-3) to improve early detection
and individual risk assessment in breast cancer patients
on 204 BC patients and 68 healthy controls. Their re-
sults for a biomarker panel were more promising: PENK
and hGH concentrations were significantly lower and
pro-SP values were higher in BC patients as compared
with normal controls, whereas AUC increased from
0.628 for CA15-3 alone to 0.754 when was used a com-
bination model of all three biomarkers.

Comparison of different breast cancer diagnostic
methods allows making a suggestion that only a com-
bination of several methods is superior to the single
use of either method for Stage I breast cancer detection
providing a significant improvement in the DCIS and
Stage I detection having high survival rate.
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Our results validate that a combination of CA 15-3
with CA-62 biomarker could be potentially useful for
precise differential diagnosis in breast cancer (DDx). A
combination of two different N- and O-glycoproteins
could significantly improve overall diagnostic results
due to their specific features allowing successful diffe-
rentiating benign from malignant breast tumors. Clini-
cal value of CA 15-3 as a biomarker in breast cancer is
very significant for management of BC patients, such
as treatment monitoring and early detection of cancer
recurrence [16].

CA 15-3 is a secretory heavily O-glycosylated
protein with high molecular weight that belongs to
the MUCIN family, which secrets into the blood
stream from the polysaccharide surface of the epithelial
cells [16]. In cancer cells some structural changes of
CA 15-3 occurred due to abnormal modifications in
the glycosylation pattern to less glycosylated and more
mobile form, inducing metabolic re-programming asso-
ciated with tumor cell proliferative activity, resistance
to hypoxia and stimulation of angiogenesis. Hyper ex-
pression of the mucin CA 15-3 occurs as the result of
the Tumor necrosis factor (TNF) and Interleukin IL-
8 production [25]. Increased expression of the mucin
(CA 15-3) causes a suppression of the Tall-like recep-
tors signaling and a decrease of the IL-8 expression.
Therefore, understanding of the mucin expression role
in cancer cells survival has an important impact on the
development of the novel therapeutic, screening, and
cancer treatment monitoring approaches for the suc-
cessful treatment of breast cancer patients. A majority
of other cancer markers including CA 15-3 represent
heavy weight O-mucins (up to 800 kDa) that can get
released into the blood only after tumor cells lysis. In
this case, tumor cell death releases into the blood all
the accumulated tumor-specific, tumor-associated and
genetic markers which levels are directly proportional
to the tumor growth.

As opposed to mucins, a marker for epithelial car-
cinomas CA-62 belongs to a family of membrane N-
glycoproteins that bind alpha-fetoprotein (AFP) using
a special combination of oligosaccharides located on
the surface of the antigen and function by receptor-
mediated endocytosis [11]. N-glycoprotein CA-62 is a
mesenchymal marker produced as a result of the ma-
lignant cells transformation by epithelial-mesenchymal
transition (EMT) in which epithelial cells lose their
characteristics (cell to cell junctions, their polarity,
some epithelial markers) and acquire mobile cell shape
and mesenchymal features. As a result, various epi-
thelial cells possessing different morphological and

phylogenetic classifications are transformed into the
same pluripotent stem cells. Heavily branched N-
glycoprotein is expressed in large quantities on the cell
membrane of such degenerated mesenchymal stem cells
from the onset of cancerogenesis, and is getting released
into the blood stream from the cell membrane on the
very early stages of cancer, including carcinomas in situ
and detected by the CLIA-CA-62 chemiluminescent
assay.

Previous studies have shown that malignant epithelial
cells demonstrate significant expression of glycoprotein
antigens CA-62 in all studied localizations of epithe-
lial carcinomas (such as breast, prostate, lung, uterus,
stomach, kidney, colon, and ovaries) [11]. At the same
time, healthy controls do not demonstrate increased
expression of CA-62 markers. However some breast
benign specimens have demonstrated a slight increase
in CA-62 level that might indicate a transitional stage
of the tumor becoming malignant, which was actually
confirmed lately for some benign patients. Patients with
significant elevation in serum CA-62 level might have
another type of carcinoma, which does not make it false
positive for breast cancer detection, but rather benefi-
cial for simultaneous detection of some other existing
primary cancer.

Taken together the results of the biomarkers (CA 15-
3 and CA-62) combination may possibly be considered
as indicator for early stages of BC and demonstrate their
potential implementation into breast cancer screening
programs. A proposed screening algorithm is presented
in Fig. 4. Briefly, patients with CA-62 > 5000 U/ml
will have to be monitored using a combination of can-
cer markers every 3 months within a year for the dis-
ease confirmation or its absence. Those patients with
CA-62 level > 6300 U/ml and 10 < CA 15-3 < 46
U/ml will be required to have additional instrumental
visual diagnostic examination for the diagnosis con-
firmation. Therefore, a combination of CA 15-3 and
CA-62 biomarkers could decrease an overall screening
cost making such screening approach an economically
viable solution.

Thus, the results obtained demonstrate that a com-
bined use of serum CA 15-3 and CA-62 values pro-
vides high level of specificity (100%) and sensitivity
(75%) suitable for the clinical detection of early stages
of breast cancer, which could provide an effective tool
for prior mammography breast cancer screening within
generally healthy women above 35 years of age. This
approach could also increase the diagnostic sensitivity
in DCIS and Stage I breast cancer detection.

The indisputable advantage of using CA-62 cancer
antigen for a biomarker’s combination consists in its
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Fig. 4. Proposed screening algorithm for target population over 30 years old using a combination CA-62 and CA 15-3.

very high sensitivity (Sen = 97%) for early stages of
cancer detection; however, it isn’t breast cancer specific,
which requires additional clarification. A combination
of such sensitive carcinoma-specific antigen with breast
cancer associated antigen, such as CA 15-3 could serve
as a smart approach to screening for breast cancer.

In the context of this blind study, a biomarker’s com-
bination approach could prospectively be integrated into
existing screening programs. The results obtained in
the study confirm that by combining serum values of
CA 15-3 and CA-62 it is possible to obtain a useful
non-invasive screening test that will detect two-thirds
of Stage I breast cancer without any false positives
among healthy women. Such algorithm could supple-
ment existing mammography screening as well as other
diagnostic imaging methods. For the implementation
of such biomarkers combination in the screening of BC
our findings need to be confirmed in a clinical approba-
tion.

5. Conclusions

The evidence from this study presents remarkable
results in regards to the biomarker’s combination for
Stage 0 and Stage I breast cancer detection (Sen =
75% at 100% Specificity), which is suitable for the
clinical detection of early stages of breast cancer. The
diagnostic efficacy of CA 15-3 cancer marker alone
(Sen = 20–39%) can be significantly enhanced (75.3–
79.7%) by applying a second very sensitive biomarker

CA-62 to a reduced 10 U/ml CA 15-3 cutoff value for
the detection of DCIS, Stage I and II breast cancer
at 95%–100% Specificity. A 100% Specificity value
in the studied BC cohort samples was obtained at the
following combination of two antigens: 10 < CA15-
3 < 46 U/ml and CA-62 > 6300 U/ml, which allows
eliminating false positive results. An assessment of the
results obtained using a combination of biomarkers (CA
15-3 and CA-62) demonstrate that such approach to
BC detection has a potential in the nearest future to be
integrated into existing screening programs.
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