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Abstract

The CLIA-CA-62 assay is an in vitro diagnostic device registered in Russia and Kazakhstan for
measuring a marker specific to epithelial carcinomas. This pilot project aimed to assess CA-62 utility
for primary cancer screening in an asymptomatic cohort in Kazakhstan. The trial was interrupted in
January 2022 for reasons unrelated to the scientific program before clinical outcomes could be
obtained. Available baseline data were therefore used to characterize the CA-62 value distribution
and perform a scenario-based assessment of estimated assay specificity at a reference value of 5,000
U/mL. The analysis included 1,214 quantitative CA-62 measurements from asymptomatic healthcare
workers aged 45-70 years, collected during annual preventive examinations between September and
October 2021. The distribution was markedly right-skewed, with 92.5% of samples in the normal zone
(median: 3,371 U/mL; IQR: 1,965-4,415 U/mL,; 95th percentile: 6,309 U/mL). At the 5,000 U/mL cutoff,
7.5% of results (91/1,214) were elevated. Scenario-based modeling assuming cancer prevalence of 0.5~
2.5% and assay sensitivity of 65-95% yielded an estimated specificity of 92.79-94.75%. These findings
provide an analytical foundation for prospective verification of CA-62 in primary screening settings.

Keywords: CA-62; screening; asymptomatic cohort; epithelial cancers; estimated specificity; open
data

1. Introduction

Early detection of malignant neoplasms remains one of the major unresolved challenges in
clinical oncology. According to the Global Cancer Observatory (IARC/WHO), approximately 20
million new cancer cases and 9.7 million cancer deaths occurred worldwide in 2022 [1]. Five-year
survival at stage I exceeds 80-90% for most solid epithelial tumors, whereas for most cancers at stage
IV it remains below 20% [2]. At the same time, more than 70% of non-small cell lung cancers and over
90% of pancreatic cancers are diagnosed at advanced stages, when there are very few alternatives for
curative treatment [2].

Established screening modalities, including mammography, PSA testing, colonoscopy, and low-
dose chest CT scan, have well-recognized limitations, including organ specificity, invasiveness, high
false-positive rates, and limited trough output [3,4]. Circulating tumor DNA-based approaches are
promising; however, their sensitivity at stages I-Il remains constrained by the low release of tumor
material into the bloodstream at early stages [5]. One conceptual approach is the detection of markers
linked to common characteristics of malignant transformation, such as loss of epithelial
differentiation, rather than individual mutations or organ-specific proteins.
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CA-62 is a glycosylated cell-surface antigen associated with an N-glycoside epitope
characteristic of poorly differentiated epithelial cells. The biological rationale for this marker is based
on the concept of poor differentiation as a common feature of malignant transformation across
tumors of epithelial origin, regardless of organ site [6]. Previous experimental studies related to the
development of CA-62 marker suggested that common epithelial antigenic features may be shared
across different tumor tissues [15]. At the time the Kazakhstan pilot project was initiated, the CA-62
test kit had been registered as an in vitro diagnostic medical device in both the Russian Federation
(Registration Certificate No. 2020/9880) and the Republic of Kazakhstan (RK-IVD-5 No. 019561).

Previous Retrospective blinded validation studies have reported high diagnostic performance
of CA-62 in early-stage breast cancer (sensitivity, 97-100%; specificity, 97%; AUC, 0.989) [7], non-small
cell lung cancer in combination with CEA and CYFRA 21-1 (sensitivity, 93%; specificity, 100%; AUC,
0.990) [8], renal cell carcinoma (sensitivity, 89%; specificity, 97%; AUC, 0.94) [9], and prostate cancer
[10]. A separate publication on treatment monitoring in breast cancer using CA-62 marker also
supported the potential value of the marker for cancer monitoring [11].

Population-based data on the distribution of CA-62 in real asymptomatic cohorts, however, has
remained largely unavailable. This has limited the ability to estimate expected specificity and the
frequency of false-positive results under screening conditions, both of which are key parameters in
evaluating the feasibility of broader assay implementation [3,12].

In 2021, a pilot screening trial using CA-62 was initiated in Nur-Sultan, Kazakhstan, among
medical personnel who were required to undertake annual mandatory preventive examinations. The
original study design specified referrals of individuals with results above 5,000 U/mL for
confirmatory evaluation. In January 2022, the study was interrupted before the planned clinical
outcomes could be obtained, for reasons unrelated to the scientific program. Under these
circumstances, analysis of the accumulated primary dataset became the most scientifically
appropriate objective.

The present study had two objectives: first, to define the baseline CA-62 value distribution in
this asymptomatic group and make the de-identified primary dataset accessible to the public; the
second objective is to perform a scenario-based assessment of the estimated specificity of the assay at
the reference value of 5,000 U/mL on the basis of the observed proportion of positive results.

2. Materials and Methods

2.1. Study Design

A pilot clinical prospective cohort study on screening among the generally healthy population
of healthcare workers of Nur-Sultan (RK) aged 45 to 70 years based on the quantitative measurement
of the CA-62 level to identify groups of high risk with early stages of epithelial cancer of various
primary localizations and the referral of identified patients to a specialized medical institution for
confirmation of the diagnosis.

2.2. Participants

The pilot project included asymptomatic healthcare workers aged 45-70 years who underwent
mandatory annual medical examinations at healthcare institutions in Nur-Sultan, Kazakhstan,
between September and December 2021. This cohort was selected for the evaluation of the screening
algorithm in a population under regular preventive observation, thereby reducing the likelihood of
including individuals with clinical symptoms or previously undetected advanced cancers. Standard
contraindications to vending the venipuncture were the only exclusion criteria. All local
organizational, participant-facing, and personal-data-related aspects of the pilot cohort study in
Kazakhstan, including participant selection, obtaining informed consent, sample collection, sample
coding, and local data handling, were managed by MEC Lab LLP (Nur-Sultan). The samples and
associated study data used for the present analysis were obtained by MEC Lab LLP during the local
conduct of the pilot project and were provided to JVS Diagnostics LLC in coded form without
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personal identifiers. JVS Diagnostics LLC performed independent measurements on the material
provided. JVS Diagnostics LLC covered the cost of these measurements.

2.3. Methods

Quantitative measurement of CA-62 was performed using a competitive chemiluminescent
immunoassay (CLIA-CA-62, JVS Diagnostics LLC) in a centralized authorized laboratory. In this
assay format, acridinium-labeled CA-62 conjugate competes with endogenous antigen for binding to
immobilized antibodies; chemiluminescence intensity is inversely proportional to the antigen
concentration in the sample. Results were expressed in arbitrary units (U/mL) within an inverse-
logarithmic calibration framework. The assay coefficient of variation was below 10% across the
working range of 1,250-10,000 U/mL. The reference value of 5,000 U/mL represents an operational
analytical level established during development of the competitive assay at 95% specificity in healthy
donor samples and should not be interpreted as an absolute physicochemical concentration of a
molecular analyte.

2.4. Statistical Analysis

Descriptive statistics included the minimum, maximum, median, quartiles, and selected
percentiles of the distribution. The proportion of positive results was defined as the proportion of
measurements exceeding 5,000 U/mL. Since CA-62 values are expressed in arbitrary units using an
inverse-logarithmic calibration system, and the classification near the operational cutoff can be
affected by assay-related analytical variability, a confidence interval was not calculated for the
observed proportion exceeding the cutoff.

2.5. Scenario-Based Modeling of Specificity

Based on the observed positive proportion (r = 91/1,214 = 0.075), estimated specificity was
calculated using the following formula, derived algebraically from Bayesian relations:
Sp=1-(r-Sexp)/(1-p)
where r is the observed proportion of results above 5,000 U/mL, p is the assumed prevalence of cancer
in the cohort (0.5-2.5%), and Se is the assumed assay sensitivity (65-95%). A 5 x 7 scenario matrix was
calculated without imputation of missing data and without outlier removal. PPV and NPV were also
calculated for illustrative purposes.

2.6. Public Data Release

A de-identified primary dataset containing a record identifier, JVS sample code, specimen type,
and CA-62 value in U/mL is being deposited in a public repository with assignment of a permanent
DOIL. Internal participant codes and clinical fields are not included in the publicly released dataset.

3. Results

Of the 1,220 source records, 1,214 contained a quantitative CA-62 measurement and were
included in the final analytical dataset. Records without quantitative value were excluded.

The distribution of CA-62 values at baseline was markedly right-skewed (Figure 1). The
principal descriptive statistics are shown in Table 1.

Table 1. Descriptive statistics of the CA-62 distribution (n =1,214).

Parameter Value
Number of observations (n) 1,214
Minimum, U/mL 10.0
Maximum, U/mL 10,462.3
Median, U/mL 3,371.2
Q1 (25th percentile), U/mL 1,965.1
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Q3 (75th percentile), U/mL 4,415.0
95th percentile, U/mL 6,309.4
Results >5,000 U/mL, % 7.5% (91/1,214)
Number of observations (n) 1,214
Minimum, U/mL 10.0
100 — 8 2%
g | [ g
il 1 s
= 5
& dof= —] s @
1] |“|||‘||| I‘ I |
0 . .IIIII ll'l--.- - ] 0 0%
11 L1 iiiii1 O I

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 5000 8500 9000 9500 10000 10500
CA-62, Uml|

Figure 1. Sample distribution and relative frequency (%) based on CA-62 measurements. Blue dots — normal

distribution pattern.

Most values were clustered on the left between 1,000 and 5,000 U/mL (92.5%), whereas above
5,000 U/mL the density of the distribution declined sharply, forming a limited right tail. Notably, the
visible inflection in the distribution coincided with the historically established reference value of the
assay. This observation should not be interpreted as retrospective cutoff value selection on the basis
of the present data; rather, it reflects internal consistency between the population-level dataset and
an analytical cutoff established previously using independent data. At the reference value of 5,000
U/mL, 91 of 1,214 results (7.5%) exceeded the cutoff.

Across the full modeled range of sensitivity (65-95%) and prevalence (0.5-2.5%), estimated
specificity remained within 92.79-94.75%. The corresponding PPV ranged from 4.3% to 31.7%,
whereas NPV remained high at 99.1-99.97% across all scenarios considered. (Table 2)

Table 2. Scenario-based modeling of the estimated specificity (Sp, %) of CA-62 at the reference value of 5,000

U/mL.
Assumed cancer Se=65% Se=70% Se=75% Se=80% Se=85% Se=90% Se=95%
prevalence, p, %
0.5 92.79 92.82 92.84 92.87 92.89 92.92 92.94
1.0 93.08 93.14 93.19 93.24 93.29 93.34 93.39
1.5 93.38 93.46 93.53 93.61 93.68 93.76 93.84
2.0 93.68 93.78 93.88 93.98 94.09 94.19 94.29

* Note. Calculated as Sp=1- (r-p x Se) / (1 - p), where r = 7.5% is the observed proportion of CA-62 results

above 5,000 U/mL in the baseline cohort; p = assumed cancer prevalence; Se = assumed assay sensitivity.

4. Discussion

The principal result of the present prospective cohort study is the first publicly available
population-based distribution of CA-62 values obtained in a real asymptomatic occupational cohort.
Despite early interruption of the project, the resulting primary dataset provided two levels of
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information: a descriptive characterization of the distribution and a scenario-based estimate of
specificity linking the population-based data to previously reported clinical properties of the marker.

The observed proportion of positive results (7.5%) was somewhat higher than the expected 4-
5% that might be inferred from a 95% specificity estimate obtained in healthy donor reference
samples. This discrepancy is consistent with what may be expected when moving from controlled
validation settings to real-world clinical practice: healthcare workers aged 45-70 years do not
constitute a strictly healthy reference population and may have chronic inflammatory or other
proliferative conditions that could influence CA-62 marker’s levels [7,10]. In addition, minor batch-
related variability within the dataset cannot be excluded. Across the assumed ranges of sensitivity
and prevalence, scenario-based modeling suggested that estimated specificity would remain above
92%, broadly consistent with previously published validation series.

The consistently high NPV (>99% in all scenarios) is a clinically relevant implication of these
calculations. In the context of screening asymptomatic populations, a high modeled negative
predictive value suggests that a negative CA-62 result may be associated with a low probability of
active malignancy under the stated assumptions. This feature could make CA-62 attractive as a
potential first-line filter before resorting to more costly imaging techniques, a concept that has already
been explored in the literature on cancer screening strategies [12,13].

The composition of the cohort is also methodologically relevant. Routine preventive check-ups
reduce, but do not eliminate, the probability (the chance?) that undetected cancers have existed in the
population. For this reason, the healthcare-workers cohort should be considered as an approximate
screening group with moderate oncological risk rather than as a reference group of completely
healthy individuals.

It should be emphasized that the present study does not establish observed specificity in this
cohort and does not represent a complete validation of a screening strategy. The scenario-based
modeling is illustrative and rests on assumptions regarding sensitivity and prevalence that may not
fully hold under real-world circumstances. A valid prospective assessment will require full outcome
verification.

Making the primary dataset publicly available guarantees that the calculations reported here can
be independently reproduced and creates a foundation for future meta-analyses as comparable
population data emerge. The FAIR principles—findability, accessibility, interoperability, and
reusability —are increasingly adopted in biomarker research [14], and this publication adheres to that
framework.

5. Conclusions

The baseline CA-62 measurements from 1,214 asymptomatic healthcare workers cohort aged 45—
70 in the Kazakhstan pilot screening (Oct-Dec 2021) are scientifically valuable on their own. These
CA-62 values displayed a clearly right-skewed pattern of sample distribution, with the majority of
patients (92.5%) clustered on the left “normal values” and a sharp drop in frequency beyond
previously defined operational reference cutoff value of 5,000 U/mL. By applying the baseline CA-62
value distribution to this asymptomatic cohort, we identified a subset of patients (7.5%) with elevated
marker levels, likely representing high-risk individuals with underlying pathological conditions such
as cancer, as it was found previously [7-10].

A scenario-based modeling across sensitivity values of 65-95% and assumed cancer prevalence
of 0.5-2.5% yielded estimated specificity of 92.79-94.75% together with consistently high NPV (>99%).
Public release of the primary dataset ensures independent reproducibility of the results and provides
an analytical basis for subsequent prospective verification of CA-62 in primary screening applications
in asymptomatic populations.

6. Limitations
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Early interruption of the study made it impossible to link CA-62 values with clinical outcomes
in this healthcare-workers cohort. Demographic data and medical history were not available in the
transmitted files. Possible batch-related variability limits generalizability. Scenario-based modeling
is based on assumptions regarding clinical parameters and does not substitute for prospective
validation.
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