& frontiers | Frontiers in Oncology

@ Check for updates

OPEN ACCESS

EDITED BY
Alla Reznik,
Lakehead University, Canada

REVIEWED BY
Abdelbaset Mohamed Elasbali,
Al Jouf University, Saudi Arabia
Zuheir Alshehabi,

Tishreen University, Syria

*CORRESPONDENCE
Marina Sekacheva
Sekacheva_m_i@staff.sechenov.ru

RECEIVED 02 August 2022
ACCEPTED 17 April 2023
PUBLISHED 03 May 2023

CITATION

Sekacheva M, Boroda A, Fatyanova A,
Rozhkov A and Bagmet N (2023) Clinical
validation of the novel CLIA-CA-

62 assay efficacy for early-stage

breast cancer detection.

Front. Oncol. 13:1009863.

doi: 10.3389/fonc.2023.1009863

COPYRIGHT
© 2023 Sekacheva, Boroda, Fatyanova,
Rozhkov and Bagmet. This is an open-

access article distributed under the terms of

the Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that
the original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Oncology

TvpPE Original Research
PUBLISHED 03 May 2023
Dol 10.3389/fonc.2023.1009863

Clinical validation of the
novel CLIA-CA-62 assay
efficacy for early-stage

breast cancer detection

Marina Sekacheva™, Alexander Boroda®, Anastasia Fatyanova®,
Alexander Rozhkov' and Nikolai Bagmet?

*World-Class Research Center "Digital Biodesign and Personalized Healthcare”, Sechenov First
Moscow State Medical University, Moscow, Russia, 2Department of Biliary, Hepatic, and Pancreatic
Surgery, B.V. Petrovsky Russian Scientific Center of Surgery, Moscow, Russia

Background: Without organized screening programs up to 60-70% of breast
cancers are diagnosed at advanced stages that have significantly lower five-year
survival rate and poorer outcomes, which is a serious global public health
problem. The purpose of the blind clinical study was the assessment of the
novel in-vitro diagnostic chemiluminescent CLIA-CA-62 assay for early-stage
breast cancer detection.

Methods: Blind serum samples of 196 BC patients with known TNM staging, 85%
with DCIS, Stage | & IIA, and 73 healthy control subjects were analyzed with the
CLIA-CA-62 and CA 15-3 ELISA assays. Results were also compared to the
pathology findings and to published data from mammography, MRI, ultrasound,
and multi-cancer early detection test (MCED).

Results: The CLIA-CA-62 overall sensitivity for BC was 92% (100% for DCIS) at
93% specificity and it decreased in invasive stages (Stage 1=97%, Stage 11=85% and
Stage 111=83%). For the CA 15-3 assay sensitivity was 27-46% at 80% specificity.
Sensitivity for mammography was 63-80% at 60% specificity, depending on the
stage and the parenchymal density.

Conclusion: These results demonstrate that CLIA-CA-62 immunoassay could
prove useful as a supplement to current mammography screening and other
imaging methods, thus increasing the diagnostic sensitivity in DCIS and Stage |
breast cancer detection.

KEYWORDS

CLIA, tumor, CA-62, CA 15-3, breast cancer, ductal carcinoma in-situ (DCIS),
screening, mammography
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1 Introduction

According to current global cancer statistics, female breast
cancer has become the most commonly diagnosed cancer globally
(more than 2 million estimated cases in 2022 worldwide) surpassing
lung cancer (1). The global annual percent change (APC) for BC
mortality increased by 0.23% (2). The global deaths from breast
cancer increased by 83.95% since 1990 (95% UL 70.07-96.74%),
with 685 000 new cases in 2022 (1). Asia takes a leading place for
cancer incidence, followed by Europe and North and South
America. For many low-and-middle-income countries from 40%
to 70% of breast cancer is detected at advanced stages associated
with lower five-year survival rates, which represents a serious global
health problem (3). The target population for breast cancer
awareness are women over 40 years of age, since breast cancer
incidence rate increases with age, hereditary breast, and ovarian
cancer syndrome, BRCA2 - germline mutations, and female sex
hormones fluctuations from 60 cases per 100,000 in women 30-40
years of age to an average of 430 cases per 100,000 in women 65-75
years of age (4).

The following methods are being used for breast cancer
diagnostics, such as bilateral and digital mammography, a
conventional ultrasound of the mammary glands for women
under 40 years of age, ultrasound elastography, and MRI
scanning with contrast. Regardless of all the drawbacks of breast
cancer mammography screening of women, such as missing some
advanced cancers and producing 3/4 of “suspicious mammograms”
associated with benign breast diseases, - mammography continues
to be the only proven screening test to decrease mortality from
breast cancer (5). At present, only a few countries with a high
development index have improved prevention measures and
implemented population-oriented breast cancer screening
programs as well as improved quality of cancer care, allowing the
detection of ~80% of early-stage breast cancer (1). The biggest
obstacle to the overall screening approach worldwide is the very
high cost of the organized screening programs, which have
significant budget implications, depending on the size of the
population and the healthcare system resources involved. For
instance, the overall costs for annual breast cancer screening of
1,000 women in the general population of Canada are
approximately $16.0 million as a lifetime expense (ages 40 to 74)
(6). As opposed to the North America and some Western European
countries practice, the majority of countries worldwide, including
Asia, Arabic, and some Eastern European countries use
mammographic screening as an opportunistic diagnostic method
since there are no population-based mammographic screening
programs (7). To resolve the growing breast cancer problem, it is
critical to find an economically viable solution for the prevention of
advanced breast malignant disease through early breast cancer
detection and optimal access to treatment.

According to the tumor, node, metastasis (TNM) staging
classification based on AJCC 8th edition Early-stage breast cancer
refers to a malignant neoplasm that has not spread beyond the
breast or the axillary lymph nodes (8). This includes Tis — Ductal
carcinoma in situ or Paget's disease of the breast with no associated
tumor mass, Stage I (T1aNOMO, T1IbNOMO, and T1cNOMO), Stage
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IIA (TONIMO, TINIMO), and Stage IIB (T2NOMO,
T2N1MO, T3NOMO).

For decades cancer biomarkers were extensively used to detect,
diagnose, or manage certain types of cancer within the standard of
care in many parts of the world. These biomarkers include different
types of glycoproteins or various genes known to be associated with
cancer, which are formed within the growth of a neoplasm (9). The
detection and identification of such cancer biomarkers in a patient’s
body fluids provide valuable data in regard to the diagnosis of
invasive breast cancers, providing prognostic information and
predicting response to a chosen therapy, and a selection of the
strategy for treating cancer, which leads to improved outcomes.
However, there is a limitation of using circulating biomarkers
related to their low sensitivity (10-30%) for detecting early stages
of breast cancer (10).

In recent years, our cancer research group has been studying
various combinations of biomarkers (CA-125, CA 15-3, CEA,
CYFRA 21.1, D-dimer, HE4 etc.) for their effective use in
screening for different types of cancers (11, 12), including breast
cancer (13). In this regard, we aimed to identify novel emerging
biomarkers for their successful use in combination with other well-
known cancer markers, which can significantly improve the
accuracy of cancer screening using a classification model. Thus, in
the last 5 years, our attention has been drawn to various pilot
clinical studies that were carried out by our colleagues using a novel
marker for epithelial carcinomas CA-62 and the results were
presented at various international symposiums.

The purpose of this study was the assessment of the diagnostic
characteristics of the novel FSSH-approved (Federal Service for
Surveillance in Healthcare of the Russian Federation) in vitro
diagnostic chemiluminescent immunoassay (IVD CLIA-CA-62)
for early-stage breast cancer detection as compared to healthy
controls. The same samples were analyzed with FSSH-CA 15-3
ELISA assay, and the results were compared to histopathologic
diagnosis used as a gold standard.

The significance of this study is related to the unique qualities of
the highly sensitive CA-62 marker, which allows detecting it in the
blood of patients with ductal carcinoma in situ (DCIS) and Stage I
breast cancer present in asymptomatic women. This study has the
potential to provide insight into the usefulness of the CA-62
biomarker as a first-line test to select subjects at high risk for
developing breast cancer (BC) who need further mammography,
potentially avoiding radiological exposure in low-risk BC
individuals who test negative.

CA 15-3 ELISA-BEST assay is based on the well-known cancer
marker CA 15-3, an O-glycoprotein member of the mucin family
commonly used for breast cancer control management (11, 14). It is
a protein product of the MUC-1 gene, which is shed into the
bloodstream from adenocarcinomas in a reduced glycosylated form.
Despite its low sensitivity for early stages of breast cancer detection,
CA 15-3 cancer antigen is extensively used for cancer treatment
monitoring in combination with clinical examination and various
imaging methods and for early detection of cancer recurrence
(14, 15).

Human CLIA-CA-62 immunoassay is based on the novel
marker for epithelial carcinomas CA-62, which is a carcinoma-
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specific mesenchymal marker, expressed on the epithelial cell
surface of the EMT-transformed undifferentiated stem cells from
the onset of cancer development. There are some previous
publications describing CA-62, a patented set of reagents CLIA-
CA-62 based on the biomarker CA-62 for early cancer detection
(16-18) and monitoring response to chemotherapy (19). A marker
for epithelial carcinomas CA-62 represents a family of low-weight
membrane transport N-glycoproteins that bind alpha-fetoprotein
(AFP) using a special combination of the branched polysaccharides,
which are located on the mesenchymal cells’ surface and function
by Clathrin-mediated endocytosis. Tumor cells release into the
blood two main soluble cytoplasmic fractions of N-glycoprotein
that are detected by the antibody used in the test. This allows to
quantitatively measure a serum level of CA-62 antigen using a
specific chemiluminescent assay CLIA-CA-62 intended to help with
the medical decision-making process and recommended for early
cancer detection in combination with clinical data and other
diagnostic procedures (16, 17).

Test performance of both assays was also compared to
histopathological findings and to published data for
mammography, conventional ultrasound, ultrasound
elastography, MRI, and also to blood-based multi-cancer early
detection test MCED (from GRAIL Inc.).

2 Materials and methods
2.1 Study design and participants

2.1.1 Patients

Patients with histopathology-confirmed breast cancer before the
treatment (N=57) and healthy control subjects (N=73) were enrolled in
an observational clinical study in 2018 at the Institute for Personalized
Medicine of the Sechenov First Moscow State Medical University
(“Sechenov University”), Moscow, Russia. Inclusion criteria for breast
cancer patients: women of any race and ethnicity between the ages of
25 and 80, who have been diagnosed with either DCIS or Stage I, Stage
IIA-B, or Stage III of primary breast tumor with or without lymph node
metastasis; histopathological confirmation of breast cancer, which was
used for definitive diagnosis of the breast disease. Exclusion criteria for
this study included factors such as age before 25 and above 80, more
advanced stage of disease (Stage IV), and previous treatment history.

Breast tissues were collected from resected breast tumors at the
time of mastectomy or lumpectomy, fixed in formaldehyde, and
embedded in paraffin. The tissues were cut into sections and stained
with hematoxylin/eosin. The diagnosis of a benign or malignant
breast tumor was confirmed by certified pathologists.
Histopathological classification and staging were performed
according to AJCC eighth edition (8).

Healthy control subjects were selected based from a large pool
of apparently healthy individuals on matching variables of interest
such as age (from 25 - 80), same gender, any race and ethnicity, free
of cancer, with normal biochemical and full blood count reference
intervals seen in a healthy reference population according to the
international standard ISO 15189:2012. Exclusion criteria for
healthy control subjects included several factors, such as another
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gender (men), age before 25 and after 80, presence of comorbidities
or verified breast benign disease or breast cancer.

2.1.2 Ethics approval and consent to participate

The study was approved by the Local Ethics Committee of
Sechenov First Moscow State Medical University. All patients were
given informed consent to participate in the study. In total 57
patients with histopathology-confirmed BC and 73 healthy control
subjects were included in the analysis. Serum samples were collected
at the Sechenov University Hospital after overnight fasting and
delivered to the Clinical laboratory.

2.1.3 Serum samples

The total of 269 blinded serum samples included 196 breast cancer
patients with known TNM classification (8, 20) and 73 healthy control
subjects. Sera from healthy control subjects (N=73) and pre-treatment
breast cancer sera (N=57) were collected at the Sechenov University
Hospital after overnight fasting and delivered to the Clinical laboratory,
processed and stored at —86°C until they were analyzed for CA-62 and
CA 15-3 markers. Another set of archived histopathology-confirmed
breast cancer sera (N=139) was obtained from the Biospecimen bank
ProMedDX LLC, MA, USA. The entire set of serum samples was
separated by centrifugation (1300 g, 10 minutes) in BD SST tubes with
silica clot activator, and separating polymer gel, heat-inactivated at 56°
C for 30 min using standard operating procedures for serum collection
(21, 22), and stored at —86°C until used. Serum samples were collected
under an IRB-approved protocol from Federal licensed/registered
facility following GMPs. The majority (85%) of cancer samples were
from patients with Stage I and Stage II cancers, as well as DCIS (T0).
The baseline characteristics of the studied serum samples are presented
in Table 1.

2.1.4 Study design

The entire blind set of serum samples (N=269) was analyzed
using an FSSH-approved IVD medical device CLIA-CA-62 based
on a competitive chemiluminescent assay and 177 BC cases together
with 73 healthy control subjects were tested by another FSSH-
approved IVD medical device ELISA-CA15-3 based on a sandwich
enzyme-based immunoassay. A controlled blind clinical study using
serum samples from histopathologically confirmed patients was
carried out at Sechenov University, Moscow. A clinical study
methodology is presented in Figure 1. The blinding was carried
out by experts from the external independent laboratory of the
Federal Service for Surveillance in Healthcare of the Russian
Federation. Such study design provides a high level of internal
validity and allows avoiding any bias, chance or confusion.

2.2 Human CLIA-CA-62 immunoassay

Measurements of CA-62 cancer antigen in patients’ sera were
performed using the in vitro diagnostic immunoassay from JVS
Diagnostics LLC, Moscow, Russia (Lot# CLIA-CA-62-200221),
according to the manufacturer’s instruction. IVD CLIA-CA-62
chemiluminescent immunoassay approved by the Federal Service
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TABLE 1 Baseline characteristics of the analyzed serum samples.

Breast cancer

10.3389/fonc.2023.1009863

Normal control subjects

(N'=196) (N=73)
Age, years
Mean (SD) 6lyears 55 years 61 years
Median 63years 54 years 62 years
Range 25 - 93 years 45 -70 years 25 - 93 years
Age group, n (%)
< 50 years 31 (15.8%) 21 (28.8%) 52 (19.3%)
50 - 60 years 36 (18.4%) 35 (47.9%) 71 (26.4%)
61 - 65 years 34 (17.4%) 9 (12.3%) 43 (16.0%)
>65 - 69 years 32 (16.3%) 6 (8.2%) 38 (14.1%)
>70 - 79 years 49 (25.0%) 2 (2.7%) 51 (19.0%)
>80 years 14 (7.1%) 0 (0%) 14 (5.2%)

Race, n (%)

Caucasian 167 (85.2%) 73 (100%) 240 (89.2%)
Asian 29 (14.8%) 0 (0%) 29 (10.8%)
Clinical cancer stage, with TNM classification n (%)

Stage 0 (DCIS, pTONOMO) 14 (7.1%)

Stage I A, B- (pT1NOMO) 98 (50.0%)

Stage IIA - (pT1-2N0O-1MO, 56 (28.6%)

Stage II B - (pT2-3N0-1MO0 17 (8,67%) none

Stage TIT A — (pT2-3N1M0) 4 (2.04%)

Stage III B - (pT1-4N2MO) 7 (3.57%)

Stage IV — (pT0-NxM1) 0 (0%)

Region, n (%)

USA 139 (70.9%) 0 (0%) 139 (51.7%)
Russian Federation 57 (29%) 73 (100%) 130 (49.3%)

Method of cancer diagnosis, n (%)

139 (70.9%)
57 (29%)

Identified by screening test
Identified by clinical presentation

for Surveillance in Healthcare of the Russian Federation (FSSH) is
intended for the quantitative measurement of carcinoma-specific
antigen CA-62 in human blood serum. A set of reagents CLIA-CA-
62 is a one-step solid-phase competitive chemiluminescent
immunoassay, in which a competition takes place between the
carcinoma-specific antigen CA-62 contained in the test sample and
the labeled cancer antigen CA-62-Acridinium (Acridinium NHS-
ester) for binding to monoclonal antibodies (Mabs) to glycoprotein
CA-62, immobilized on the solid phase (96-well plate) (18). The
human CLIA-CA-62 test kit contains all the required sets of
reagents to analyze 48 samples in duplicates, including the CA-62
standard calibrators. During 2-hour incubation, a solution
containing a diluted serum sample (1:5), 50 pl of Positive control
sample, 50 ul of Standard Calibrators CA-62, and 50 pl of the
labeled cancer antigen 400 ng/ml solution were added to the wells
with immobilized antibodies, thereafter the sorbent was washed
away from unbound components. A series of standard calibrators
CA-62 were tested simultaneously with the specimens to plot a
Logit-Log calibration curve for the quantitative determination of
the glycoprotein CA-62 in measurement units (U/ml) of the
unknown samples. The measurable luminescent signals from the
immune complexes {anti-CA62-Mab-(CA-62-Acridinium ester)}
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0 (0%)
73 (100%)

139 (51.7%)
130 (49.3%)

formed on the solid phase were then recorded immediately after
the injection of the activating buffer solution (integration time 0.3
sec) in the wells, which induces the photon emission, detected by a
flash chemiluminescence reader. The intensity of the luminescent
signal is inversely proportional to the concentration of the
measured analyte in the specimen. Samples with CA-62 units
higher than the largest CA-62 calibrator were diluted accordingly
with a working buffer followed by the determination of the exact
concentration by multiplying on the dilution factor.

Measurements were made following the manufacturer’s
instructions. Sensitivity of the assay: 35 U/ml; the assays had
linearity of 91 and 105% over the measurement range of 1250
-10000 U/ml. The total analysis time was 4 hours. Detection
method: flash chemiluminescence using Tecan Spark (Tecan
Trading AG, Switzerland, EU). The cut-off value (5000 U/ml)
used was recommended by the manufacturer based on CA-62
levels in sera from 353 healthy individuals 18 — 65 years old. All
the test samples were done in duplicates using Standard calibrators
CA-62 and Positive control samples as reference standards included
in the set of reagents. 95% of the sera from healthy control subjects
were above the limit of detection (LOD). The intra-assay coefficient
of variation was < 10%, over the range of concentrations.
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FIGURE 1
A clinical study methodology.

2.3 The sandwich CA 15-3 ELISA

Measurements of CA 15-3 cancer antigen in studied serum
samples were performed using a solid-phase sandwich CA 15-3
ELISA-BEST (FSSH-approved IVD medical device from Vector-
BEST, Novosibirsk, Russia, Lot#T-8472) in accordance with the
manufacturer’s instruction. The CA 15-3-ELISA-BEST is designed
to quantitatively measure the amount of cancer antigen CA 15-3
bound between a matched antibody pair in human serum. It uses
two types of monoclonal antibodies specific to different CA 15-3
epitopes. Capture CA 15-3 specific monoclonal antibodies have
been pre-coated in the wells of the supplied microplate. Samples,
CA 15-3 standards, positive controls, and substrate solution for the
secondary peroxidase HRP- labeled antibody are then added into
the corresponding wells, allowed to react with the HRP-antibody-
CA-15.3 complex to produce a measurable optical signal to be
recorded with a colorimetric microplate reader. The sandwich is
formed by the addition of the secondary antibody. In this case, the
intensity of this signal is directly proportional to the concentration
of CA 15-3 antigen present in the original specimen. This approach
to sandwich ELISA allows the formation of the antibody-analyte
sandwich complex in a single step. Time-to-result: 3.5 Hrs.
Sensitivity of the assay: 0.5 U/ml, diagnostic range: 10 U/ml - 250
U/ml, detection method: colorimetric. For the optical density
measurements was used a Tecan Spark (Tecan, Switzerland, EU).
The assay had linearity ranges from 97 to 98% over the range of
concentrations from 5 to 65 U/ml. 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 old. All the test
samples were done in duplicates using Standard calibrators CA 15-3
and Positive control sample as reference standards included in the
set of reagents. The intra-assay coefficient of variation was < 8.2%.

2.4 Statistical analysis
The distribution of CA-62 and CA 15-3 in sera from healthy and

breast cancer patients was tested for normality using the D’Agostino-
Pearson omnibus test. The Pearson correlation coefficient (r) was used
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to determine the correlation between CA-62 and CA 15-3 serum levels.
Since CA-62 values a 1000 times higher than the CA 15-3, the original
values for both cancer markers in different subgroups were log-
transformed (logl0) before the analysis for obtaining the same
equivalent scales, which allow getting a graphical correlation with y
= a*Lg(x) + b. For the evaluation of the difference between cancer and
healthy control groups the Mann-Whitney U test was used. In order to
evaluate the diagnostic characteristics of each cancer antigen we
calculated the sensitivity and specificity, test accuracy, PPV, and
NPV, and compared the cancer samples to normal control subjects
using the receiver operating characteristic (ROC) analysis for the two
markers. The level of significance was set at p < 0.001. Statistical
analyses were performed using the MedCalc statistical software
(version 19.7.4, MedCalc Software Ltd, Belgium, EU). The weighted
kappa k-coefficients were used for evaluation of the diagnostic test
results against a gold standard, which is, in our case, the results of the
histopathological findings.

3 Results

Serum samples from 73 healthy control subjects (women) and
196 patients with histopathologically confirmed breast cancer were
analyzed for CA-62 cancer marker and 177/196 (due to
insignificant sample’s volume) of breast cancer samples with 73
healthy control subjects for CA-15-3 serum levels, as described in
the Materials and methods section. The values obtained are shown
in Table 2. Significantly higher serum CA-62 levels were found in
sera from breast cancer patients compared to healthy control
women, and the glycoprotein concentration ranged from 1178 to
28598 U/ml (mean + SD=12312 + 5326) (Figure 2). The median
CA-62 values were very high in all stages of breast cancer: ductal
carcinoma in situ DCIS (12133 U/ml), Stage I (13045 U/ml), Stage
IT (9824 U/ml) and Stage III (17247 U/ml) as compared to healthy
control subjects (2821 U/ml). Interestingly enough, the CA-62
detection level decreases with the tumor stage and demonstrates a
very significant production of the marker for epithelial carcinomas
from the onset of carcinogenesis, when cancer stem cells are
poorly differentiated.
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TABLE 2 Diagnostic methods comparison: CA 15-3 ELISA, CA-62 CLIA, mammography, MRI, UE, and MCED in relation to clinical and pathologic data
of breast cancer patients.

S5 2, Mammograph
CA-62,U/ml  U/ml ol MRI FASTE®! UE .
2 2 vs DM, : o " — cfDNA based Multi-cancer
Parameter Patient no Patient Patients % with Patients % with Patients % with early detection test MCEDEY!
(% > 5000) no ositive results positive results positive results y
% >30 P

Stage 14/14 (100%)  2/11 (18%) 36 vs 41% 80% N/A N/A
DCIS (0)

38/88
Stage [ 95/98 (97%) / 34% vs 46.6% 16.8%

(43%)

37/68
Stage 11 61/73 (85%) (54%) 80% - 90% 40.4%
Stage I1I 9/11 (83%) 5/10 (50%) 80% vs 92% 77%
Stage IV 92% 90.1%

82/177
Total 180/196(92%) (4/6 %) 63 vs 90% 64.8% 80% 51.5%

0.
Sensitivity % 92% 2% 63-90% vs 97% 77 - 80% 81% 51.5%
Specificity % 93% 92% 60% vs 64.5% 64.2% 78.5% 99.5%
AUC 0.955 0.77 78% vs 89% 0.79 0.867 44.4%
PPV 97.8% 93% 80% vs 90.9% N/A 75% 99.4%
NPV 81% 37% 75% vs 89.3% N/A 85% N/A
Test
92.2% 58% 83% vs 89% 75.5% 80.5% N/A

Accuracy%

*Published data based on accomplished screening programs.
*Using 0.7 breast cancer prevalence (USA and Western Europe) for population-based screening.

The CA 15-3 values in the breast cancer sera showed a broad
range, from 0 to 330.4 U/ml with a median of 25.8 U/ml (mean +
SD= 35 + 35.6) with its minimum (20.5 U/ml) at Stage I and its
maximum (38.2 U/ml) at Stage III. A LOD value of 5 U/ml for the
CA 15-3 ELISA immunoassay was used. The entire set of sera from
healthy women had CA 15-3 antigen levels above the detection limit
(5 U/ml) and 97% of them had detectable CA 15-3 levels in the
range of 5 to 65 U/ml (the estimated mean + SD = 0.2 + 0.05). Less
than half of women (46%) with confirmed breast cancer had
elevated levels of CA 15-3 as compared to healthy control

subjects. D’Agostino-Pearson omnibus normality test for CA-62
levels in healthy women as well as in breast cancer patients showed
Gaussian normal distributions, whereas cancer antigen CA 15-3
levels were not normally distributed for breast cancer patients as
compared to healthy control subjects. Both CA-62 and CA 15-3
glycoprotein levels in healthy as well as in breast cancer patients did
not have any significant correlation with the age of the individuals
at 95% Confidence interval (r = 0.129, p = 0.07 for CA-62 and r =
0.11, p = 0.16). No correlation was found between the serum CA-62
and CA 15-3 levels in the healthy control group and in breast cancer
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FIGURE 2

CA-62 normal distribution in breast cancer samples. (A) CA-62 levels in sera from healthy controls and from all breast cancer groups (B) Error bars
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patients (r = 0.11, p < 0.0003). Overall, a significant correlation was
found between the CLIA-CA-62 assay and the histopathological
findings (r = 0.942, p < 0.0002) using linear regression for the entire
set of breast cancer and r = 0.97, p < 0.0001 for Stage L

The overall performance of the competitive CLIA-CA-62 and
CA 15-3 ELISA assays in sera from breast cancer patients with
stages I-III and the ductal carcinomas in situ was evaluated by
constructing ROC curves. The results of the ROC-curve analysis for
Stage I and DCIS for both CA-62 and CA 15-3 are shown in Table 2
and Figure 3A and the ROC-curves for all stages are presented in
Figure 3B. ROC curve analysis for the entire set of breast cancer
samples using the CA-62 cancer marker demonstrated a very high
AUC = 0.955 with p < 0.001. The CLIA-CA-62 assay for DCIS and
Stage I breast cancer showed an AUC of 0.989 with p < 0.0001 using
a cut-off value of 5000 U/ml recommended by the manufacturer of
the assay; Sensitivity was 97% at 95% specificity (Figure 3A) with
the median and an average equal to 12133 and 13062,
correspondingly. By contrast, the CA 15-3 ELISA assay yielded an
AUC = 0.779, p < 0.001 for the entire set of samples, and using a
cut-off value of 30 U/ml, the Sensitivity was 46% at 93% Specificity,
which corresponds well with previously published studies. The
ROC-curve analysis of CA 15-3 ELISA assay for DCIS and Stage
I breast cancer showed an AUC of 0.76, p < 0.0001 with a Sensitivity
of 40% at the same 93% Specificity (Table 2; Figure 3). The
comparison of the results between the two cancer markers
revealed that the Sensitivity of the CLIA CA-62 chemiluminescent
assay was approximately double that of CA 15-3 ELISA for early
stages of breast cancer, and over three times as high in DCIS (27%
vs. 100%). The accuracy of the test (the proportion of the correct
test results in a total number of cases) among all examined patients
using the CLIA-CA-62 assay is 97% for detecting Stage I breast
cancer compared to 92% for the entire set, whereas for sandwich CA

Sensitivity

100-Specificity

CA-62 CA-15.3
Positive group 99 (57,56%)
Negative group 73 (42,44%)
Area under the ROC curve (AUC) 0,992 0,764
Standard Error 0,00441 0,0356
95% Confidence interval 0,964 to 0,999 0,693 to 0,825
z statistic 6,338
Significance level P (Area=0.5) P <0,0001

FIGURE 3
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15-3 ELISA it is only 40% (46% for the entire set). The positive
predictive value (PPV) and negative predictive value (NPV) were
used to describe the performance of the diagnostic test. Further
analysis compared the CA 15-3 and serum CA-62 glycoprotein
values with published results for other methods of cancer
diagnostics such as mammography, ultrasound, and MRI. The
Positive predictive value (PPV) for CLIA-CA-62 is 97.8% as
compared to 93% for CA 15-3, 78% - 90% for mammography
and 75% for MRI and ultrasound. At the same time, test accuracy is
the highest at 92.2% for CLIA-CA-62 as compared to 58% for CA
15-3 ELISA, and 75-85% for mammography, ultrasound, and MRI.

4 Discussion

This study is unique in terms of the sensitivity demonstrated for
the detection of the very early stages of breast cancer in
asymptomatic women.

The aim of this study was not a differential diagnosis between
breast cancer and breast benign disease using a biomarker CA-62 or
an evaluation of the relationship between the level of CA-62 and
different molecular subtypes. The main goal was to independently
evaluate the diagnostic characteristics of the novel CLIA-CA-62
assay for early stages of breast cancer detection as compared to
other CA 15-3 ELISA based on well-known cancer marker CA 15-3
and its prospective use thereof. However, the obtained results have
demonstrated a potential in the future to carry out a prospective
clinical study of the relationship between the CA-62 serum level and
the tumor grade, as well as the molecular subtypes of breast
cancer patients.

Measuring serum levels of cancer markers CA-62 and CA 15-3
in 269 samples has established that CA-62 antigen was increased in

Sensitivity

—— CAA45.3u/mi
-~ CA62 uim|

Of] I L 1 1 I

0 20 40 60 80 100
100-Specificity
CA-62 CA-15.3
Positive group 177 (70,80%)
Negative group 73 (29,20%)

Area under the ROC curve (AUC)
Standard Error
95% Confidence interval

0,953 0,779
0,0125 0,0303
0,919 to 0,976 0,722 to 0,829

z statistic 5,458

Significance level P (Area=0.5) P < 0,0001

The ROC-curve comparison of the CLIA-CA-62 and CA 15-3 ELISA IVD assays for DCIS and Stage | breast cancer patients in comparison with
healthy controls (A) and the ROC-curves comparison of the CLIA-CA-62 and CA 15-3 ELISA assays for all stages of breast cancer (B).
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180/196 (92%) (p < 0.0001) of breast cancer patients in the DCIS,
Stage I, Stage II, and Stage III, whereas elevated CA 15-3 values were
found only in 46% (82/177). Both cancer markers in the healthy
control subjects’ group (N=73) had serum levels below the upper
limit of the reference range (67/73 for CA-62 and 164/177 for CA
15-3). Cut-off values for CA 15-3 ELISA assay were > 30 U/ml, and
> 5000 U/ml for CLIA-CA-62 upon which the sensitivity,
specificity, AUC, and CI were calculated. Interestingly enough,
patients with Stage I of breast cancer and non-invasive ductal
carcinoma in situ DCIS have demonstrated from 97 to 100%
detection using the novel CLIA-CA-62 assay, when curability is
the highest, while the mucin-based CA 15-3 ELISA assay was not
(27% detection only for DCIS). The same trend was observed for the
entire set of breast cancer samples. Previous studies on cancer
biomarkers for breast cancer (15) have demonstrated that their low
sensitivity and specificity prevent from the use of serum markers
such as the MUC-1 mucin glycoproteins (CA 15.3, BR 27.29) and
carcinoembryonic antigen (CEA) for the diagnosis of early breast
cancer. At the same time, serial measurement of these markers can
result in the early detection of recurrent disease as well as reflect the
efficacy of therapy.

The reason for such unusually high Sensitivity for early stages of
BC detection found in this blind study could be that N-glycoprotein
CA-62 is a mesenchymal light N-oligosaccharide, which is shed into
the bloodstream far beyond the other cancer maker production. In
general, epithelial tumors in a process of malignant transformation
gradually lose their differentiation due to the destruction of the
connections with the tumor microenvironment, which is
controlling the degree of cell differentiation loss, up to the
epithelial-mesenchymal transition with the formation of the
tumor stem cells and re-expression of the embryonic antigens.
During EMT epithelial cells lose their epithelial characteristics, and
their polarity and gain some properties of the mesenchymal cells,
such as spindle shape, anterior-posterior polarization, and strong
migratory potential and mesenchymal markers. As a result, various
epithelial cells possessing different morphological and phylogenetic
classifications are transformed into the same pluripotent cancer
stem cells. From the onset of carcinogenesis heavily branched N-
glycoproteins are expressed in large quantities on the cell
membrane of such “transformed” stem cells and act as a
carcinoma-specific N-glycoprotein MEC/CA-62 detected by the
CLIA-CA-62 chemiluminescent assay.

Authors (16, 17) revealed that a CA-62 marker associated with
epithelial tumors can be significantly expressed and detected to varying
degrees in the tissues of malignant tumors (such as breast, prostate,
lung, uterus, stomach, kidney, colon, and ovaries), as well as in various
human biological fluids (including blood and saliva). At the same time,
healthy control subjects do not demonstrate increased expression of the
CA-62 marker. However, some breast benign specimens (<10%) 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 (18). Patients having a strong
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 a substantial reason for simultaneous detection of other
existing cancer.
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As compared to low-weight CA-62 N-glycoprotein, a majority
of other cancer markers including CA 15-3 represents heavyweight
O-mucins (up to 800 kDa), are getting produced when the cancer
cells differentiation reaches maturity and are released into the blood
after the tumor cells destruction. In this case, the level of released
into the blood accumulated tumor-specific and tumor-associated
markers is proportional to the tumor growth. That could be a
reason for the low detection level of CA 15-3 in the serum of
patients with non-invasive or micro-invasive breast lesions as
compared to amounts seen in sera from patients with advanced
cancers (9, 15). The accepted overall established sensitivity of the
CA 15-3 assay for breast cancer detection is in the 20 to 50% range,
which is in agreement with the findings reported herein (Se = 27 -
56%) with lower values for DCIS (27%) and Stage I (42%), and
higher values for Stage II (54%) and Stage III (50%) (23, 24).

According to the ASCO guidelines, CA 15-3 and CEA can be
used only together with physical examination and imaging (23, 24),
but mammography has a limited sensitivity of 63-90% due to many
possible influences such as unclear lesions, poor aligning, dense
parenchyma, calcifications, distortions, and misinterpretations (25).
Hence, the probability that a patient with breast cancer will be
detected by mammography alone is only 70-90%, and therefore the
probability that it will be missed is 10 — 30%. Some multicenter trials
established that up to 40% (30% at Stage I) of breast cancer cases are
“missed cancers” due to detection and interpretation errors. At the
same time, mammographic screening detects 50 per 100,000 (0.5%)
invasive breast cancers in women while generating 2200 per 100,000
women (2.2%) false positive results from 90-99% of true negatives
(26, 27).

Traditional bilateral mammography is being improved by using
contrast-enhanced digital mammography (CEDM) which allows
visualizing neovascularization associated with angiogenesis. Other
greatly demanded and valuable screening methods are breast
ultrasound and ultrasound elastography (UE), which shows
superior advantages in differentiating benign and malignant
breast tumors as compared to conventional ultrasound (28). On
the other hand, breast MRI has some advantages over
mammography since it does not use radiation, and is faster and
exceptionally safe. MRI images reflect the tumor’s molecular and
genetic characteristics. Unlike mammography, which generates
images based on the density of the tissue, MRI has higher
sensitivity by creating a “blood flow map” which allows
visualizing tumor neovascularity, associated with some metabolic
modifications that correlate with the proliferation and metastatic
potential of the tumor (29, 30).

The published results for various methods of cancer diagnostics
such as mammography (MMG), magnetic resonance imaging (MRI),
an ultrasound and ultrasound elastography (UE), and DNA-based
Multi-cancer early detection test MCED (31) were compared with
results obtained for 196 patients with breast cancer using
immunological methods CLIA-CA-62 assay and CA 15-3 ELISA. A
weighted kappa-test (k) was performed to evaluate the diagnostic
consistency of the mammography, CA 15-3 ELISA and CLIA-CA-62
assays with the results of histopathology. The sensitivity and specificity
values for the combination of the instrumental methods of diagnostics,
such as UE & MRI were 95.8% and 92.8%, correspondingly, which are
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comparable to the values obtained with the CLIA-CA-62 assay. Kappa
coefficients are being interpreted as indices of the test quality in
evidence-based medicine (32). In this case, the values of the weighed
kappa-coefficient demonstrate a significant difference between the two
diagnostic methods: 0.63 (UE&MRI) vs 0.80 (CLIA-CA-62). The
comparison of the kappa coefficient (0.8) for the CLIA-CA-62 test
with published elsewhere (28) kappa coefficients for UE, MRI,
UE&MRI (0.512, 0.527 and 0.630, respectively, p<0.001), for
mammography (0.52), and CA 15-3 ELISA (0.22) with significance
level p<0.0001 indicate that the CLIA-CA-62 test classifies patients
more reliably due to the lesser likelihood of a random coincidence of
the test results with the histopathological findings.

Taken together, the results obtained in this independent double-
blind study clearly demonstrate that the novel CLIA-CA-62
chemiluminescent assay has significant diagnostic advantages in
detecting early stages of breast cancer as compared to other imaging
diagnostic methods as well as to the other cancer markers including CA
15-3. The values of sensitivity, specificity, and accuracy of the CLIA-
CA-62 IVD assay were 92%, 93%, and 92.2%, which is approximately
1.5 times higher as compared to various visual methods of diagnostics
such as MRI, mammography, ultrasound etc. It is especially worth
emphasizing the significant difference in detection of DCIS and Stage I
& II. When using the CLIA-CA-62 assay, the detection rate was over
97%, whereas the other methods show a range of values from 27% for
the CA15-3 assay (23, 24), to 55% for multi-cancer early detection test
MCED (31) to 80% for FAST MRI (29).

The comparison of different breast cancer diagnostic methods allows
concluding that only a combination of several methods is superior to the
single use of either method for the detection of Stage I breast cancer. Data
from Table 2 confirms that a combination of the CLIA-CA-62 and other
methods of diagnostics including mammography could significantly
improve the detection of non-invasive DCIS and Stage I breast cancer
both having a high survival rate.

In the future, it seems appropriate to conduct a clinical approbation
on a breast cancer screening of a group of women patients to develop a
working algorithm for reliable detection of early-stage breast cancer
using the CLIA-CA-62 immunoassay as a pre-screening tool before or
in conjunction with breast mammography. It could be beneficial for
current breast cancer screening algorithms and particularly for early-
stage breast cancer detection. Another clinical study aiming the use of
the CLIA-CA-62 immunoassay for differential diagnosis in women
above 40 years old with BI-RADS 2, 3, and 4 mammograms, with
moderate to high suspicion of breast cancer correlating
mammographic and the CLIA-CA-62 data with pathologic findings
might help with the interpretation of the pathologic findings and with
the differentiation between benign lesions and malignant neoplasms.

Conclusions

1. The CLIA-CA-62 assay demonstrated 100% sensitivity at
93% specificity for DCIS and 97.8% for Stage I breast cancer
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as compared to another known cancer marker for breast
cancer, such as CA 15-3 (Se = 46%, Sp = 93%) and
mammography (Se = 63-80% and 60% Specificity
depending on the stage of cancer and parenchyma density).

2. Cancer marker CA-62 has a few unique qualities that
distinguish it from other well-known cancer markers: it is
present at a very high level in the blood of patients (>97%)
with asymptomatic ductal carcinoma in situ and Stage I
breast cancer and it doesn’t increase along with the cancer
progression and differentiation. Since the carcinoma-
specific marker CA-62 appears on the surface of the
transformed mesenchymal epithelial cancer cells in the
course of carcinogenesis, it is gradually fading away,
when tissue differentiation reaches maturity.

3. There is a significant level of agreement (k=0.8) between the
CLIA-CA-62 assay results based on the marker for epithelial
carcinomas CA-62 with histopathological findings for the
entire set of breast cancer, including Stage L.

4. Despite the fact that the CA-62 is a marker for epithelial
carcinomas and is not specific for breast cancer, the results
obtained in this blind study suggest that the CLIA-CA-62
assay could be a useful tool to supplement existing
mammography screening as well as other diagnostic
imaging methods, which could improve the diagnostic
sensitivity in DCIS and Stage I breast cancer detection
thus improving clinical outcomes. Patients having a strong
elevation in serum CA-62 level might have another type of
carcinoma, which does not make it false positive for BC but
rather benefits the simultaneous detection of some other
existing cancer.

5. This evaluation of the CLIA-CA-62 chemiluminescent
assay for early stages of breast cancer detection strongly
suggests it can provide independent and complementary
information for the doctors in decision-making and can be
considered a useful tool for the primary detection of breast
cancer in asymptomatic women. It would be beneficial to
use serum CA-62 level in conjunction with the clinical
information and other diagnostic procedures.
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