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ABSTRACT

Background: With the development of genetic research in oncology, it has become possible to track and iden-
tify early and preclinical forms of hereditary oncological diseases, which allows timely and effective preventive
and therapeutic measures in relation to relatives at risk.

Aim of the study: Assessment of genetically determined neoplasms in the region and the development of organ-
izational forms and methods for early diagnosis.

Material and methods: 10,727 residents of the Belarus-Poland border region were examined. Clinical and
medical history data of 2,054 patients with tumors of the breast (1406), ovaries (239), and colon (409) were
analyzed. As a result of the questionnaire, three main observation groups were formed: “high risk of hereditary

» «

cancer”, “hereditary cancer suspected”, and “no risk of hereditary cancer”.

Results: Register and hospital screenings were the most informative types of screening. Of the 149 HBC patients
who underwent molecular genetic testing, BRCA1 gene mutations were found in 5.37%, 5382insC in all cases.
Seven mutations were detected in 77 individuals with a diagnosis of HOC and in 6 cases 5382insC and in 2 -
4145delA. Signs of hereditary ovarian cancer and suspicion of it were found in 1.12%, including people who were
found to have a high risk of hereditary ovarian cancer. By their effectiveness, register and hospital screenings
significantly exceeded the population, p<0.01. 1.67% of women suffering from this disease met the high clin-
ical risk criteria for hereditary ovarian cancer. A high clinical risk of hereditary tumor genesis was established
in 0.73% of cases among patients with a diagnosis of colon cancer.

Conclusions: The results of assessing the clinical risk of hereditary cancer according to population screening indi-
cates that approximately 1.2% of the population has an increased clinical risk of developing hereditary breast, ovar-
ian, and colon cancer.

KEYWORDS: oncology, hereditary cancer, clinical risk, screening, risk, mutation, breast cancer, ovary cancer,
colon cancer

BACKGROUND services amongst cancer patients is what led to

In connection with the development of genetic
research in oncology, it has become possible to track
and identify early and preclinical forms of hereditary
oncological diseases, allowing timely and effective pre-
ventive and therapeutic measures in relation to rela-
tives at risk. About 10% of diagnosed neoplasms are
hereditarily determined and in the so-called “cancer
families” up to 45% of relatives are affected by vari-
ous forms of cancer [1-3].

The improper use of medical care for the timely
detection and prevention of malignant neoplasms
along with the lack of a scientifically based approach
in the interaction of oncological and medico-genetic

this study [4,5].

Only half of blood relatives are carriers of muta-
tions of a particular gene. However, the peculiarity of
these genes is that they do not manifest themselves in
any way before the onset of the tumor. Therefore, it is
impossible to know in advance which family member
is the carrier of the mutant gene and is predisposed to
the development of cancer [6-9]. All members of such
families have to be included in the high-risk group and
subjected to expensive diagnostic tests. As a result, you
may encounter alarge number of healthy relatives with
carcinophobia. This casts doubt on the need for unnec-
essary cardinal interventions, such as the currently used
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prophylactic removal of the mammary glands in car-
riers of BRCA1 and BRCA2 [10-14]. At the same time,
mammography self-monitoring and other diagnostic
methods remain a prerequisite for early detection of
cancer in the population [15].

After our experience with this contingent of the
population, we recommend raising awareness and pro-
viding doctors, of both the oncological profile and the
outpatient health department, about the role of the
hereditary factor in the development of tumors of dif-
ferent localizations.

As we expand our knowledge about the problems of
hereditary cancer, the medical community and health
authorities are convinced of the need to introduce
molecular genetic methods, into clinical practice. In
particular for diagnosing hereditary predisposition to
certain types of cancer and other forms of malignant
neoplasms associated with the pathological BRCA1/2
genotype through the creation of hereditary tumor
diagnostic centers. The main tasks are:

- hospital, population, and “register” screenings:
compiling and studying pedigrees and identify-
ing clinical signs of the presence of hereditary
tumors among the population of the region;

— creation of a database for storing pedigrees
obtained during population and hospital screen-
ings and their analysis in order to calculate the
risk of possible development of tumors in rela-
tives of patients with cancer;

- dispensary registration: the organization and
conduct of dispensary registration of relatives
of cancer patients (first degree of kinship) for
whom a high risk of tumors has been calculated
(high risk group for the development of tumors);

- laboratory diagnostics: carrying out molecular
genetic, immunological, and immunohistochem-
ical studies in the case of a high probability of
a hereditary predisposition;

- instrumental diagnostics: for the early diagnosis
of tumors in groups of relatives with an increased
oncological risk;

- educational and methodical work: with the aim
of promoting knowledge and prevention.

Early detection of tumors is a very real goal, the
achievement of which is seen in the screening of rel-
atives of patients and “active monitoring” of patients
with identified hereditary mutations. Patients who
meet the criteria for hereditary cancer must be exam-
ined for mutations in the genes for the repair of tumor
DNA [16-21].

Alternative methods of instrumental research can
be magnetic resonance and computed spiral tomography
for tumors of the mammary gland and ovaries and auto-
fluorescence endoscopy and photodynamic diagnosis in
combination with magnetic resonance imaging (MRI) for
hereditary forms of colorectal cancer. Molecular genetic,
immunological, and immunohistochemical methods are
of great interest in the search for reliable criteria for
the early diagnosis of cancer and its hereditary forms.

AIM OF THE STUDY

The assessment of genetically determined neo-
plasms in the region and the development of organi-
zational forms and methods for their early diagnosis.

MATERIAL AND METHODS

Participants

A survey of 10,727 residents of the Belarus-Poland
border region was conducted. The clinical and medical
history of 2,054 patients with breast (1,406), ovarian
(239 cases), and colon (409 cases) tumors was ana-

lyzed.
Study design

The study was conducted while the patient was seek-
ing medical help in the clinic, during the treatment
period in the hospital, or during preventive exami-
nations. The survey contained questions to clarify
the presence of cases of oncological pathology in the
patient’s family and the degree of kinship in the fam-
ily [22]. As a result of the questionnaire, three main
observation groups were formed: the group “at high risk
of hereditary cancer”, “hereditary cancer suspected”,
and “no risk of hereditary cancer”. The distribution of
probands was carried out according to three nosolog-
ical forms of hereditary cancer tumors: breast (HBC),
ovary (HOC), and colorectal cancer (HCC) (Tab. 1).

The main advantage of the system was its adapta-
bility to the cancer register with the possibility of using
register databases. The basis for identifying hereditary
forms of oncological diseases is the screening method
for examining the population; the results of which can
be represented as:

- hospital screening: the study of the pedigree and
the identification of clinical signs of the pres-
ence of hereditary tumors in people who seek
medical help;

- screening of the register: based on the analysis
of the data of the oncological register of patients
whose tumors are highly likely to be associated
with a hereditary predisposition, and surveys of
their family members and relatives of the first
and second level of kinship;

- population screening: questionnaire and gene-
alogy of randomly selected individuals (visits
to the clinic, to local doctors, home calls, etc.)

Statistical methods

The data obtained was analyzed statistically using
Statistica v.10 software (Chi-squared test, Kruskal-Wal-
lis test). The assumed level of significance was p<0.05.

RESULTS

Of the 10,727 questionnaires, 762 individuals were
selected based on the clinical risk of hereditary cancer.
47 respondents (0.44 + 0.06%) had signs of high risk of
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hereditary cancer and 715 (6.67 + 0.24%) were assigned
to the group “hereditary cancer suspected” (Tab. 2).
In 226 patients, 149 with a diagnosis of HBC and
77 with a diagnosis of HOC, venous blood was taken
for molecular genetic (PCR method) studies for the
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presence of BRCA1 gene mutations (Exon 5382insC
and 4145delA) [22].

The distribution of probands depending on the clin-
ical risk of cancer and the type of screening study are
presented in Tab. 3.

Table 1. Surveillance Groups (“high risk”, “hereditary cancer suspected”).

Clinical
Risk Group HBC or HOC HCC
B Tl'.lree or more flrst—degr?e relatives suffe.r from HETC and/or HOG; | _ HCC or its associated tumors were diagnosed in 3 or more
. . - History of breast cancer in men present in the family; . s 1.
High Risk . ) . . relatives of the 1st degree of kinship;
- HBC or HOC at any age in Ashkenazi Jewish women (Jewish, X
— At least one relative under the age of 50 years
European)
- The presence of synchronous or metachronal colorectal cancer
and associated tumors at any age;
- HBC or HOC developed in a patient under the age of 40; N The presence of Pat.h ologlcal SIS ?f ljugh mlcrosatellllte 1ns.tab11-
. . . ity (lymphocyte infiltration, Crohn’s-like lymphocytic reaction,
Hereditary |- Two first-degree relatives suffer from HBC and/or HOG; .
. ) . o molecular growth pattern), established at 60 years of age;
Cancer - HBC or HOC in one patient present in family history; . .
. . 1. . X . — HCC and associated tumors (cancer of the endometrium,
Suspected - Asingle case of HOC in a family history if the patient is from the R . .
s Ashkenazi Jewish stomach, ovaries, pancreas, etc.) diagnosed in at least one
ge relative of the 1st degree of kinship under 50 years of age;
- HCC or associated tumors diagnosed at any age in two relatives
of 1st or 2nd degree of affinity

Table 2. Results of screening studies to identify among the population persons with clinical signs of hereditary forms of malignant neoplasms.

Nosological Form of Hereditary Cancer
Total
Clinical Risk Group HBC HOC HCC
n % n %o n % n %
High Risk 32 0.30 7 0.065 8 0.07 47 0.44
Hereditary Cancer Suspected 461 4.60 113 1.05 141 1.31 715 6.67
Combination of Two Target Groups 493 4.60 120 112 149 1.39 762 7.10
No Risk of these Forms of Cancer 10,190 95.0 9,219 88.06 9446 88.06 9965 92.90
Total 10,727 10,727 10,727 10,727

Table 3. Clinical risk assessment of hereditary breast cancer (HBC), hereditary ovarian cancer (HOC) and hereditary colorectal cancer (HCC)

according to screening studies.

Type of Screening Study
Clinical Risk Type of Register Hospital Population Total
Group Cancer
n % n % n % n %
HBC 0.64+0.21 10 4.59+1.42 13 0.14+0.04 32 0.3:0.05
High Risk HOC 1.67+0.83 3 3.13+1.78 0 0 7 0.07+0.03
HCC 0.73+0.42 2 2.41+1.48 3 0.033+0.02 8 0.08:0.03
HBC 347 | 24.68+1.15 65 29.81+3.1 49 0.54+0.08 461 4.3:0.2
Hereditary Cancer HOC 82 | 34.31x3.07 24 25.0+4.42 7 0.077+0.03 113 1.05:0.1
Suspected
HCC 103 | 25.19:2.15 20 24.1:4.7 18 0.2+0.05 141 1.47+0.12
HBC 356 | 25.32:1.16 75 34.4+3.22 62 0.68+0.09 493 4.6:0.2
Combination of Two [ 86 36.0£3.1 27 28.13+4.59 7 0.077+0.03 120 1.12+0.1
Target Groups
HCC 106 | 25.92:2.17 22 26.51+4.84 21 0.23+0.05 149 1.55+0.13
HBC | 1050 | 74.68:1.16 143 65.6+3.22 8997+ 98.83+0.11 10190 95.0+0.21
No Risk HOC 153 64.02+3.1 69 71.87+4.59 8997+ 98.83:0.11 9219 85.9+0.34
HCC 303 | 74.08:2.17 61 73.49+4.84 9082 99.77+0.05 9446 98.4+0.13
HBC | 1406 100 218 100 9103* 100 10727 100
Total HOC 239 100 9 100 9103** 100 10727 100
HCC 409 100 83 100 9103 100 9595 100
Note:

*included 36 cases of hereditary forms of cancer of a different localization and eight cases of “family congestion” which is classified as five or more episodes of
cancer of different localization in three generations of the same family
**included 91 cases of hereditary forms of cancer of a different localization and eight cases of “family congestion”

Fokk

included 36 cases of hereditary forms of cancer of a different localization and eight cases of “family congestion”
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The most informative types of screening were regis-
ter screening (25.32+1.16% of probands showed a high
risk of HBC or suspected hereditary breast cancer) and
hospital (34.4+3.22% of probands). In the population
screening, only 0.68+0.11% of the respondents had
a high risk of a hereditary breast tumor and/or suspi-
cion of its development.

Of the 149 HBC patients who underwent molecular
genetic testing, BRCA1 gene mutations were found in
eight (5.37%), 5382insC in all cases. Among 77 exam-
ined with a diagnosis of HOC, mutations were detected
in 7 people (9.09%), in 6 cases 5382insC, and in 2 -
4145delA (in 1 patient both mutations were found).

Out of 10,727 probands, signs of hereditary ovarian
cancer and suspicion of it were found in only 120 peo-
ple (1.12+0.1%), including 7 people who were found to
have a high risk of hereditary ovarian cancer. By their
effectiveness, register screening and hospital screening
significantly (p<0.01) exceeded the population screen-
ing. 1.67% of women suffering from this disease met
the high clinical risk criteria for hereditary ovarian
cancer in the region’s population. Among patients with
a diagnosis of colon cancer, a high clinical risk of hered-
itary tumor genesis was established in 0.73% of cases.

When analyzing the relationship between the muta-
tion frequency and the clinical risk group for heredi-
tary cancer, it was found that, patients with a high risk
of HBC and/or HOC, BRCA1 mutations were detected
with the same frequency as in individuals with no clin-
ical risk (Tab. 4).

Table 4. The results of molecular genetic analysis of patients with
different clinical risks of hereditary ovarian and/or breast cancer.

Identified
Clinical Risk Group Studies | Patients with | %
Mutations
High risk of hereleary breast 08 9 714
cancer and/or ovarian cancer
Suspected h.eredltary breast cancer 90 5 555
and/or ovarian cancer
No l'lSk. of hereditary breast cancer 108 8 741
or ovarian cancer
Total 226 15 6.76

Alow mutation rate was observed in the group with
suspected hereditary HBC and/or HOC.

DiSCUSSION

The lack of a scientifically based approach in the
interaction of oncological and medico-genetic services
along with the lack of scientific work in this direction
led to this study [4,5].

With the development of genetic research in oncol-
ogy, it has become possible to track and identify early
and preclinical forms of hereditary oncological diseases,
which allows timely and effective preventive and ther-
apeutic measures in relation to relatives at risk [1,2].
In “cancer families” up to 45% of relatives are affected
by various forms of cancer [3]. 10% of diagnosed neo-
plasms are hereditarily determined.

Only half of blood relatives are carriers of mutations
of a particular gene and the peculiarity of these genes is
that they do not manifest themselves in any way before
the onset of the tumor [6-8]. All members of such fam-
ilies have to be included in the high-risk group and sub-
jected to expensive diagnostic tests. As a result, you may
encounter alarge number of healthy relatives with carci-
nophobia [9]. This casts doubt on the need for unneces-
sarily cardinal interventions, such as the currently used
prophylactic removal of the mammary glands in carri-
ers of BRCA1 and BRCA2 [10-14].

The expansion of knowledge about the problem of
hereditary cancer convinces the medical community
and health authorities of the need to introduce molec-
ular genetic methods for diagnosing hereditary pre-
disposition to certain types of cancer and other forms
of malignant neoplasms associated with the patholog-
ical BRCA1/2 genotype through the creation of hered-
itary tumor diagnostic centers into clinical practice.

Early detection of tumors is a very real goal. This
achievement is seen in the screening of relatives of
patients and “active monitoring” of patients with identi-
fied hereditary mutations. Patients who meet the criteria
for hereditary cancer must be examined for mutations
in the genes for the repair of tumor DNA [16-21].

As a result of the studies, three main observation
groups were formed: “at high risk of hereditary cancer”
- “high risk”, “hereditary cancer suspected”, and “no
risk of hereditary cancer”. The distribution of probands
was carried out according to three nosological forms of
hereditary cancer tumors: breast (HBC), ovarian (HOC),
and colorectal cancer (HCC).

The ability to obtain objective information about
each proband and its family members from existing
information databases and systems (a cancer regis-
try, if available in the region), is crucial in identifying
hereditary forms of the tumor, along with knowledge
of the combination of the clinical and morphological
characteristics of this syndrome and the information
system of hereditary tumors (Patent of National Center
for Intellectual Property of Belarus) [23].

In general, the results obtained are consistent with
the data of European researchers, who established
during hospital screening that 1.7% of patients diag-
nosed with breast cancer and 3.7% with a diagnosis of
ovarian cancer meet the criteria for being assigned to
the high clinical risk group as inherited breast cancer
[2,24]. The frequency of hereditary colorectal cancer is
0.8% among the respondents while the suspicion of it
is 1.47%. These results coincide quite accurately with
the frequency of detection of mutations of the BRCA1
gene in cancer patients in Latvia, 3.7% for breast cancer
and 10.7% for ovarian cancer [25]. With these results,
it makes sense to propose the creation of special regis-
ters of hereditary tumors. This is possible both within
the framework of territorial or hospital cancer regis-
tries with the introduction of the appropriate graphs,
and within the framework of centers for the diagnosis
of hereditary forms of cancer [26].
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CONCLUSIONS

The results of assessing the clinical risk of hered-
itary cancer according to population screening indi-
cate that approximately 1.2% of the population has an
increased clinical risk of developing hereditary breast,
ovarian, and colon cancer. During hospital screenings
of patients whose diseases were first detected over the
past two years, signs of a high clinical risk of heredi-
tary cancer were detected in 4.5%.

Suspicion of the hereditary nature of cancer with the
highest frequency (more than a third of the examined)
was determined in the group of people with established
ovarian cancer. Among those suffering from breast can-
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