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Hodgkin’s lymphoma: epidemiological features,
the current epidemiological situation
in the regions of Kazakhstan
Relevance: The diseases of the lymphoid and hematopoietic systems, including lymphomas, are among the top ten in the
overall structure of oncopathologies. In Kazakhstan, they rank 4th accounting for about 5% of the total number of cancers; at
that, hemoblastoses rank 8th in the structure of mortality.
Hodgkin’s lymphoma (HL) is one of the most common malignant lymphoid tumors. HL makes up no more than 0.5% of the
total cancer burden worldwide; however, its unusual biology, epidemiology, and response to treatment attract close attention.
The epidemiology of malignant lymphomas varies within and between geographic regions.
Purpose of the study: to reflect the specifics of HL epidemiology in Kazakhstan.
Results: In 2018, 4611 patients were on file with malignant lymphoma. The absolute incidence of lymphoma was 794 cases
per year (4.3‰), with an increase of 7.1% vs. 2017.
The epidemiology of malignant lymphomas varied within and between geographic regions. The highest incidence of lymphoma was registered in Akmola, Karaganda, Qostanai, Pavlodar, East Kazakhstan, West Kazakhstan, and North Kazakhstan
regions, and Nur-Sultan. It was partially associated with the ethnic structure of the population and might be associated with
access to diagnostics.
The average national mortality rate was 1.8%000. The highest mortality rate from malignant lymphomas was registered in
Pavlodar, East Kazakhstan, North Kazakhstan, Qostanai, and Karaganda regions.
Conclusion: Сertain regional dependence is traced both in incidence and, as a result, in mortality from lymphomas.
Keywords: Hodgkin’s lymphoma, epidemiology, incidence, mortality, region, neoplasm.

Introduction: Hodgkin’s lymphoma (HL) is a malignant
neoplasm from lymphoid tissue of B-cell origin. Its morphological substrate is composed of giant multinuclear
Berezovsky-Reed-Sternberg cells and mononuclear Hodgkin cells. These types of cells are located in a kind of cell
cluster – a “granuloma” formed by a mixture of tumor and
non-tumor reactive cells such as lymphocytes, neutrophils,
and plasma cells, sometimes surrounded by collagen fibers.
The Berezovsky-Reed-Sternberg cells are derived from the
B-cells of germinal centers of lymphatic tissue. They make
up only about 1% of the entire tumor mass.
HL is a rare neoplasm. Its frequency varies greatly depending on age, gender, ethnicity, geographical location,
and socio-economic status.
Although HLs make approximately 0.67% of the total
cancer incidence, they account for about 30% of all lymphoma cases. It is important to note that every sixth oncologic
diagnosis at the age of 15 to 24 is HL [1].
LH incidence is higher in more developed regions of
the world, and lower in Asia; it is higher in men than in
women. In the United States in 2013, about 9 300 new LH
cases were registered; the annual incidence was 2.8 per
100,000 people [2].
A distinctive feature of HL epidemiology is its age variability at diagnosis. In industrialized countries, this is represented by a well-known bimodal curve having two peaks:
the biggest one refers to young people (15–34 years old),
and the second one observed at a later age (over 50 years
old). These peaks represent mainly different subtypes of the
disease: the nodular sclerosis variant is predominant at earlier peak age, and the mixed cell variant prevails at a later
peak age [3].

Despite the relatively low incidence and low risk
throughout life, HL accounts for 15% of all cancer cases in
young people and has a significant impact on their quality of life.
Various epidemiological studies of HL conducted these
days shall provide a better understanding of the nature of
this disease and allow revealing the geographical, ethnic,
socio-demographic, and economic factors influencing the
development of this pathology.
Purpose of this work was to reflect the epidemiological
features of HL in Kazakhstan.
Materials and methods: Global epidemiology of HL was
analyzed based on data from the International Agency for
Research on Cancer (IARC), GLOBOCAN 2012 [4], and the European Mediterranean Mediterranean Research Group [13].
Data on HL mortality and temporal trends for the covered
Mediterranean countries were obtained from the World
Health Organization (WHO) online mortality database [5].
The statistical data of the oncological service of the Republic of Kazakhstan for recent years was used to analyze the incidence, mortality, late detection, distribution by regions of
Kazakhstan, and the dynamics of HL incidence. From now
on we refer to the classic version of HL.
Results and Discussion
Hodgkin lymphoma epidemiology, global data
The WHO classification of lymphoid neoplasms is still
evolving to account various variants of lymphoproliferative
diseases which include not only HL, non-Hodgkin lymphomas (NHL) but also plasma cell neoplasms and lymphoid
leukemias [6]. In 2012, nearly 566,000 new cases of lymphoma were registered worldwide, and about 305,000 deaths
from this disease were reported [7]. Each variant of lymph-
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oproliferative disease in principle does not matter much in
the overall picture of the incidence of malignant neoplasms,
but in the aggregate lymphomas rank 7th among oncopathologies detected all over the world [7].
According to GLOBOCAN, more than 385,000 new NHL
cases and almost 66,000 HL cases were registered in 2012,
and about 200,000 deaths from NHL and more than 25,000
deaths from HL [8]. New cases of NHL are equally often detected in regions with high, medium, and low incomes;
however, the mortality rate was higher in middle-income
and low-income countries (62%). In the same year, the vast
majority of new cases and deaths from HL (56% and 75%,
respectively) were registered in low-income regions. Projections show that both incidence and mortality rates for NHL
and HL will increase by 2035, possibly due to improved diagnostic methods, industrialization, population aging, and
an increase in HIV infection in some regions [8–9].
In 2012, HL cases accounted for no more than 0.5% of
the total cancer burden worldwide; however, unusual biology and epidemiology and the response of HL to treatment
attract close attention [8]. The overall frequency of HL varies considerably in the whole world. The pathogenesis of
this geographical discrepancy is unknown; however, environmental and lifestyle factors were theorized as potential
factors.
Unlike NHL, which shows an exponential increase in
age-related incidence, age-related incidence indices of HL
are bimodal, with the first peak in the European, American,
Latin American and Australian populations occurring between the ages of 15 and 34, and the second after 60 years.
In middle-income countries, the incidence of HL is high in
early childhood and among the oldest age groups. A high
incidence in childhood is associated with an increased risk
of a young adult HL variant which indicates a delay in contact with the common infectious agent, whereas children
living in less favorable conditions have a high incidence of
lymphomas.
Progress in treatment, the improvement of diagnostic
capabilities, and the access to medical care made HL largely
curable in many parts of the world. Reported mortality has
declined by more than 75% in North America, Western Europe, and Japan [9]. A noticeable decrease in HL mortality

was also observed in most countries of Latin America, except for Cuba, Costa Rica, Mexico, and Venezuela.
In 1971, an international survey on HL showed that the
distribution of bimodal age in the Western world correlated
with the level of socio-economic development of the population. In developing countries, the HL incidence was relatively high in boys but low y young adult men, while in the
developed regions, the incidence of HL was low in children,
but high – in young people. Other evidence suggested that
a mixed cell or lymphocyte subtype prevailed in developing
regions, and a nodular sclerosis subtype dominated in developed regions. The ecological correlation between the socioeconomic level and the HL incidence has shown the opposite role of the child’s environment in relation to the risk of
HL in children and young people. One model suggested that
HL was a rare consequence of a common infection, the risk
of which increased when the age of infection was delayed,
for example, through the improvement of living conditions.
Evidence confirming that the socioeconomic environment of childhood affects the risk of HL at a young age
has been provided in several studies. For example, in a
study that took into account such criteria as the level of socio-economic security in childhood, type of housing, mother’s education and paternal social class, an association of an
increased risk of HL incidence with a low level of socio-economic security was found, and this trend was traced more in
young adults than in childhood [10].
Thus, these results confirm the multifactorial model of
the pathogenesis of HL. This model accounts for both genetic factors and environmental risk factors [11].
The epidemiological situation on lymphomas in the Republic of Kazakhstan (RK)
The existing cancer registry of Kazakhstan provides information on the leading epidemiological indicators related
to lymphoproliferative diseases. Unfortunately, it does not
yet offer complete information on single variants of lymphoma but knowing that HL makes about 30% of all lymphomas, we can get an idea of the HL epidemiology in the
Republic of Kazakhstan. In 2018, 4,611 patients were on file
with malignant lymphomas. The annual incidence was 794
cases per year (4.3‰), with the growth rate of 7.1% to the
previous year.

Figure 1 – Incidence of lymphomas in the regions of Kazakhstan, 2018 (‰)
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The highest incidence (above the Republican average of
8.1 per 100 000 population) was registered in Akmola, Karaganda, Qostanai, Pavlodar, East Kazakhstan, West Kazakhstan, and North Kazakhstan regions and the city of Nur-Sultan. That might be partly due to the ethnic composition of
the population; perhaps there was a connection with the access to diagnostics.
Some prevalence of men over women is observed in the
structure of incidence, approximately 2.3 per 100 000 male

population to 2.1 per 100 000 female population.
Of great importance is the possibility of morphological
verification. Histological and immunological test methods
have become a standard for diagnosing lymphoproliferative diseases in the past decade. According to the Diagnostic and Treatment Protocols of the Republic of Kazakhstan,
these methods are mandatory for lymphoma verification.
What is the situation with the morphological diagnostics of
lymphomas in the Republic of Kazakhstan?

Figure 2 – Morphological verification of lymphomas in the regions of Kazakhstan, 2018 (%)

96% of all lymphomas pass morphological verification in
Kazakhstan, with the lowest levels in Almaty and Karaganda regions.

The stage of the disease at detection is of great importance in terms of prognosis. What is the share of early detection in Kazakhstan?

Figure 3 – The proportion of lymphoma stages 1 and 2 in the regions of Kazakhstan, 2018 (%)

On average, in the Republic of Kazakhstan in 2018, the
percentage of early detection of lymphomas was 44.4%.
The highest percentage of stages I and II at detection
was recorded in Almaty, Akmola, Pavlodar, and Zhambyl
regions, the lowest – in the city of Shymkent, as well as in
Kyzylorda, Aktobe, and Turkestan regions.
As for the late detection (advanced stages of the
disease), the average national detection rate for stage IV
lymphomas in 2018 was 7.1%. At the same time, the highest

percentage of late detection was noted in Karaganda,
East Kazakhstan, Akmola and Turkestan regions, and the
least high – in the cities of Almaty and Shymkent, and the
Almaty region.
Currently, chemotherapy is the primary method
of therapy for lymphoproliferative diseases. 85-88%
of patients with newly diagnosed lymphoma receive
specialized treatment, and in 65% of cases, they receive
drug therapy (chemotherapy).
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Figure 4 – The proportion of lymphoma stage IV in the regions of Kazakhstan, 2018 (%)

One-year mortality in patients with lymphoma is quite
high – 22.4%, indicating a high aggressiveness of the tumor process. For reference, the annual mortality rate for
breast cancer is 4.5%, for endometrial cancer – 7.5%, for
prostate cancer – 8.1%.
The five-year survival of patients with lymphoma
amounted to 54.8% in 2017, and 55.4% in 2018.
Mortality from lymphoma has amounted to 8.4% in
2017, and 7.0% in 2018 (322 people died of lymphomas

in 2018). The mortality from lymphoma is reducing over
time.
In the general structure of cancer pathologies in the
Republic of Kazakhstan, the diseases of the lymphoid and
hematopoietic systems, including lymphomas, ranked 8th
in 2016, 6th in 2017, and 4th in 2018 making up to 5% of the
total number of cancer diseases. In the structure of mortality, hematological cancer ranked 6th in 2017, and 8th in
2018 [12].

Figure 5 – Mortality from lymphomas in the regions of Kazakhstan, 2018 (‰)

The average national mortality rate is 1.8 per 100 000
population. The highest mortality rate from malignant
lymphomas is noted in Pavlodar, East Kazakhstan, North
Kazakhstan, Qostanai, and Karaganda regions.
Conclusions
The epidemiology of malignant lymphomas varies within and between geographic regions. Several studies show
that the characteristics, incidence, and survival rates of different lymphoma subtypes for some racial groups differ
from others. A better understanding of these factors will be
required to identify the changing treatment barriers and improve outcomes for all patients. The incidence of lympho-

6

mas has a bimodal distribution with an increase in rates in
young people, as well as in patients 55 years and older.
In the general structure of cancer pathologies, the diseases of the lymphoid and hematopoietic systems, including lymphomas, are among the Top 10. In Kazakhstan, they
occupy the 4th rank position making up about 5% of the
total number of cancer diseases, while in the structure of
mortality, they hold the 8th place. The highest incidence of
lymphoma is noted in Akmola, Karaganda, Qostanai, Pavlodar, East Kazakhstan, West Kazakhstan, and North Kazakhstan regions, and the city of Nur-Sultan. This might
be partly due to the ethnic composition of the population;
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perhaps there is a connection with the availability of diagnostics. The highest mortality rates from malignant lymphomas are recorded in Pavlodar, East Kazakhstan, North
Kazakhstan, Qostanai, and Karaganda regions.
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Lung cancer epidemiology
in the Republic of Kazakhstan
Relevance: Lung cancer (LC) was a rare disease in the early 20th century. However, the development of the tobacco industry,
the increased environmental pollution, and increased longevity had contributed to the fact that LC became a world pandemic of
the 20th and 21st centuries.
The problem of LC epidemiology is relevant both in Kazakhstan and worldwide. The reasons for that are a significant LC prevalence, also among the working-age population, a rather high rate of late detection that complicates the efficient treatment, and
high mortality.
Worldwide, LC is one of the most common cancers with a high mortality rate. According to WHO, lung, breast, and intestinal
cancers make up the top three most common cancers. They are among the top five “killer cancers.”
Purpose of this study was to assess the dynamics of major indicators of the LC epidemiology in the regions of the Republic of
Kazakhstan in 2014-2018 to detect the main trends in these indicators and develop measures to improve early detection of cancer,
as well as to evaluate the effectiveness of regional oncology services.
Results: The trends in LC incidence, mortality, early detection, late detection, and 5-year survival in the regions of Kazakhstan
were revealed, and an indirect assessment was made of the effectiveness of the regional oncological services to improve these
indicators. According to the results of the evaluation of significant trends of indicators, it was decided to launch a pilot program
for early detection of LC using low-dose computed lung tomography at the Kazakh Research Institute of Oncology and Radiology.
Conclusion: LC incidence and mortality in Kazakhstan remains an urgent problem. At that, in some regions, these indicators
exceed the average republican values. Therefore, the early detection of LC is the principal organizational measure of public healthcare that can improve survival rates.
Keywords: lung cancer (LC), epidemiology, early detection.

Introduction. The updated version of the world cancer
database GLOBOCAN 2018 reports that the global cancer

burden has increased up to 18.1 million cases and 9.6 million deaths from cancer [1].

Figure 1 – Five cancer types most commonly diagnosed in the world in 2018
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The International Agency for Cancer Research (IARC)
informs that every fifth man and every sixth woman in
the world are diagnosed with cancer during their lifetime.
Probably, this is facilitated by a number of factors, in particular, the growing and aging population of the planet,
and the increased exposure to socioeconomic risk factors
for cancer. For growing economies, there is a treat of transition from cancer associated with poverty or infection to
cancer, associated with a lifestyle more typical of industrialized countries.
In 2018, cancer incidence in the countries with a high
Human Development Index (HDI) was 2-3 times higher
than in the countries with low or medium HDI. The leading
cancers have also changed all over the world in comparison with 2012 [1].
The World Health Organization (WHO) reports that
LC ranks 1st both among the new cases of cancer, and the
causes of death from cancer (Figure 1). In 2018, 2 094 million of LC cases were registered in the world amounting to
11.6% of all cancer cases (vs. 1.8 mln. (13%) in 2012).
Materials and Methods. The object of the study was
information from the global cancer database GLOBOCAN
2018, information from statistical collections of Russia
and the Republic of Kazakhstan (RK), as well as the articles by Russian and Kazakhstan authors. The data analysis
for the RK took into account the administrative-territorial division into 16 regions and three cities of republican
significance: Nur-Sultan, Almaty, and Shymkent. The traditional methods of statistical processing of the material
were applied. The extensive, intensive, standardized, and
age-specific incidence and mortality rates per 100 thousand population were calculated using methods recommended by the IARC. The standardized world population

of WHO was used as a standard for calculating standardized indicators.
Results and Discussion.
LC incidence worldwide and in the Republic of Kazakhstan
(per 100 000 population)
Lung cancer is considered the most common form of
malignant neoplasms in most economically developed
countries of the world. In many regions of the UK, especially in Scotland, lung cancer accounts for about one-third of
all forms of cancer. At the same time, in Brazil in men it accounts for only 7%, in Iceland - 8%, in Sweden – 10% [2].
The survival rates differ depending on the type of cancer cells and the stage at detection. In average, only 12.6%
of patients diagnosed with LC are still alive five years after
the diagnosis [3].
In Russia, LC ranks 3rd after breast cancer and colon
cancer in the overall incidence structure without gender.
About 55 thousand new cases of LC are registered every
year. In gender-specific incidence in Russia, LC ranks 1st in
men and 6th in women.
High LC incidence (more than 30 cases per 100 000 population) is registered in the Baltic republics and Ukraine,
the lowest incidence (less than 10.0) is in the Central Asian
republics.
In Kazakhstan, LC today ranks 2nd after breast cancer in
the overall cancer structure in both sexes. In gender-specific incidence in Kazakhstan, LC ranks 1st in men and 7th in
women.
In the analyzed period (2014–2018), the LC incidence of
lung cancer in both sexes in Kazakhstan was unstable. The
decrease in incidence was followed by its growth the following year, but with a general slight decrease of -3.9% at
the end of the observation period (Table 1).

Table 1 – The incidence of lung cancer in the Republic of Kazakhstan, by region, 2014-2018, per 100 000 population*

Kostanay

Shymkent
city

Almaty city

Nur-Sultan
city

SKR -8.9
SKR – 9.9
SKR – 8.8
SKR – 9.1
6.9 11.3

14.9
19.1
15.6
18.3
18.5

16.9
19.7
18.0
14.6
13.7

-1

-15

5.07

32.6

1.1

21.8 -0.02 -13.7

-22

17.0
18.6
14.2
14.3
14.1

17.6
19.4
16.8
20.1
19.6

-4.1

17.6

-17

11.7 -14.1

Turkestan

Kyzylorda

11.1 36.59 45.0
14.4 36.2 43.3
12.3 34.7 41.5
10.9 31.0 43.7
13.5 36.6 38.8

18.0
18.6
19.3
23.5
21.2

North
Kazakhstan

Karaganda

34.5
32.2
31.9
30.9
34.9

36.4
37.4
33.0
33.8
34.9

Pavlodar

West
Kazakhstan

12.1
15.3
12.7
15.0
16.0

2014
2015
2016
2017
2018
Dynamics
for 5
years, %

Mangystau

Zhambyl

27.7
26.8
29.3
28.5
29.1

Atyrau

27.0
28.7
25.5
27.1
22.8

Almaty

16.4
17.1
13.8
17.4
16.2

Aktobe

35.1
37.0
34.6
35.6
30.2

Year

Akmola

East
Kazakhstan

Regions of the Republic of Kazakhstan (RK)

27

24

RK

21.3
22.5
20.4
21.0
20.5

-18.9 -3.9

Note: *The color highlights the regions with the highest LC incidence

LC incidence rates greatly differed by regions of the
country: from the maximum level in the North Kazakhstan region to the minimum in the South Kazakhstan region (since 2018 divided into the Turkestan region and the
city of Shymkent).
In 2018, incidence rates above the average republican
level (20.5 per 100 000 population) were reported in 8 regions. In table 1, a color highlights 5 regions with the high-

est rates: East Kazakhstan (30.2), Akmola (34.9), Kostanay
(34.9), Pavlodar (36.6) and the North Kazakhstan region
(38.8 – the highest rate). In previous years (2014-2017), the
situation in those regions was almost the same.
Low LC incidence was reported in Atyrau (19.6), Zhambyl (16.2), Kyzylorda (16.0), Almaty (14.1), Mangystau (13.5),
Turkestan (6.9 – the lowest rate) regions, and the cities of
Almaty (18.5), Nur-Sultan (13.7), and Shymkent (11.3).
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The dynamics of LC incidence in the analyzed period
(2014-2018) has varied by region (Figure 2). A decrease in
incidence in 2018 relative to the level of 2014 was reported
in 9 regions, an increase - in 8 regions. Thus, the LC incidence
has significantly decreased in Nur-Sultan (-18.9%) and Turkestan region (-22% – the biggest decrease vs. 2014 figures in
the South Kazakhstan region), Almaty region (-17%), West

Kazakhstan (-15%), East Kazakhstan (-14.1%), and North Kazakhstan (-13.7%) regions. In three regions (Akmola, Zhambyl, and Pavlodar), a slight decrease was reported, in the remaining 8 an increase was reported, the most significant in
Kyzylorda region (+ 32.6%), cities of Shymkent (+ 27%) and
Almaty (+ 24%), as well as in Mangystau (+ 21.8%), Aktyubinsk (+ 17.6%), and Atyrau (+ 11.7%) regions.

Figure 2 – Lung cancer incidence in the Republic of Kazakhstan, by regions, 2014-2018, per 100 000 population

LC incidence rate depends on many factors and is
usually higher in industrialized than in rural areas. This indicator is also affected by age and gender, the prevalence
of smoking, and the level of social well-being. Also, the
incidence rate to a certain extent depends on the availability and quality of diagnostic assistance, the organization of cancer screening. The incidence is higher in the
regions with better conditions for detecting the disease,
proper formation of risk groups for periodic health examination, and high coverage of the population by medical
examinations.
The mortality from LC in the world and the Republic of Kazakhstan (per 100 000 population)
The mortality from LC is dependent on its incidence, the
timeliness of detection, and the quality of dynamic monitoring and treatment. LC mortality is continuously growing all over the world. WHO reports that in 2018, LC has
occupied the first place among the other causes of death
from cancer, with 2.1 million deaths per year. The highest
LC mortality is registered in England, Finland, Austria, the
Netherlands, and Belgium - 40-70 cases per 100 000 pop-
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ulation. In CIS, LC mortality follows up the mortality from
stomach cancer in men and the mortality from uterine
cancer in women.
In the Republic of Kazakhstan, the national LC mortality has decreased by 17% since 2014, from 15.8 to 13.1 per
100 000 population. This rate was steadily decreasing year
by year, which evidenced the systemic approach and effectiveness of the measures taken (Table 2).
In 2018, the highest mortality was registered in 5 regions highlighted in table 2: Karaganda (16.9), Akmola (19.6), Pavlodar (22.0) and North Kazakhstan (20.6),
and East Kazakhstan (24.9 – the highest level) regions.
These regions also had a high LC incidence rate. The
mortality level above the Republican average was also
noted in West Kazakhstan (14.7) and Kostanay (15.3)
regions.
In 10 regions, the mortality rate was reported below
the national average, with the lowest rate (5.4 per 100 000
population) in Turkestan region.
A positive dynamics was reported in 16 regions, with
the only increase in the city of Shymkent (+ 41.4% vs. the
rate in South Kazakhstan region in 2014).
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Table 2 – The lung cancer mortality in the Republic of Kazakhstan, by region, 2014-2018, per 100 000 population*

Almaty

Atyrau

East
Kazakhstan

Zhambyl

West
Kazakhstan

Karaganda

Kyzylorda

Kostanay

Mangystau

Pavlodar

North
Kazakhstan

Turkestan

27.3
27.1
23.9
21.1
19.6

11.4
12.1
11.3
11.7
11.0

13.5
11.2
8.2
9.2
8.6

13.6
15.1
16.1
16.1
11.1

29.8
27.2
26.2
25.5
24.9

12.9
13.8
14.0
12.5
12.4

15.3
15.5
16.1
15.9
14.7

20.9
16.6
18.0
17.4
16.9

12.6
13.6
9.5
7.5
9.4

15.4
15.4
15.5
16.3
15.3

6.9
9.7
8.2
6.1
6.1

27.8
27.1
23.8
22.3
22.0

30.0
27.3
23.8
22.9
20.6

SKR – 6.2
SKR – 7.6
SKR – 6.3
SKR – 7.2
5.4
8.8

-28

-3.9

-37

-18

-16.5 -4.4

-4.1

-19

-25

-0.9

-12

-21

-31.3

-13

13.0

13.0
11.3
11.6
12.0
12.8

15.8
15.1
14.0
13.7
20.5

41.4 -20.3

-17

-3.9

Shymkent
city

Nur-Sultan
city

Aktobe

2014
2015
2016
2017
2018
Dynamics
for 5
years, %

Almaty city

Year

Akmola

Regions of the Republic of Kazakhstan (RK)
RK

Note: *The color highlights the regions with the highest LC mortality

Early and late detection of lung cancer in Russia and the Republic of Kazakhstan
The early detection of cancer has a positive impact on
cancer mortality rate. It also characterizes the effectiveness
of the national primary health care service and is achieved
by means of preventive examinations of population, mainly the risk groups, the propaganda of the obligation to seek
medical help early in the presence of the first symptoms of
the disease, as well as the quality of cancer diagnostics.
According to the latest data published by the P.A. Her-

zen Moscow Scientific and Research Oncology Institute, in
2017 in Russia, about 40% of newly diagnosed malignant
neoplasms were detected at stage III-IV of cancer. Late detection decreases the likelihood of positive treatment outcome and is associated with quite high one-year mortality (22.5%; according to alternative estimates, it exceeds
26%). Almost 2 million patients (1,958,223), or 53.9% of all
patients with malignant neoplasms registered at oncological institutions, have been registered for 5 years or more
(for comparison, in 2016 this rate was 53.3%) [4].

Table 3 – Early detection (stage I-II) of lung cancer in the Republic of Kazakhstan, by region, 2014-2018, %

East
Kazakhstan

Zhambyl

West
Kazakhstan

Karaganda

Kyzylorda

Kostanay

Mangystau

Pavlodar

North
Kazakhstan

34.9
27.9
18.6
27.2
24.7

22.2
23.6
21.0
32.2
29.3

30.9
37.1
36.5
37.3
34.5

31.8
29.2
19.2
24.7
20.0

31.7
26.3
25.8
33.3
34.3

15.9
21.2
15.6
21.8
21.8

25.8
36.2
31.6
49.1
36.5

30.8
21.8
26.4
33.1
21.3

55.4
44.3
42.9
47.1
41.1

30.4
30.8
29.5
28.6
28.3

27.7
29.0
35.7
37.4
36.4

Dynamics
for 5
years, %

10

-17

-29

32

12

-37

8

37

42

-31

-26

-7

32

SKR – 12.6
SKR – 18.9
SKR – 14.8
SKR – 9.3
16.8 17.8
33

41

Nur-Sultan
city

Atyrau

37.2
34.5
32.3
41.7
30.9

Almaty city

Almaty

26.1
30.8
35.1
29.7
28.8

Shymkent
city

Aktobe

2014
2015
2016
2017
2018

Turkestan

Year

Akmola

Regions of the Republic of Kazakhstan (RK)

26.5

21.1
22.5
17.9
29.4
27.0

27.5
28.3
26.5
30.4
27.5

26

2

0

RK

Note: *The color highlights the regions with the highest rates of early detection of lung cancer

In Kazakhstan, the early detection rate (at stages I-II) was
unstable. The growth alternated with a decrease, but in total, for the period, the change without dynamics was 27.5%.
In 2018, the highest early detection rate was reported
in 6 regions: Aktobe (30.9%), West Kazakhstan (34.3%), East
Kazakhstan (34.5%), North Kazakhstan (36.4%), Kyzylorda
(36.5%), and Mangystau (41.1% – the best rate) regions. The
rate above the Republican average (27.5%) was also noted in
Pavlodar (28.3%), Akmola (28.8%), and Atyrau (29.3%) regions.
In the remaining 8 regions, early detection was lower
than the national average, with the worst situation in the
Turkestan region (16.8%).
In the analyzed period, the late detection of lung cancer
(stage IV) across Kazakhstan was almost stable and ranged

from 22.8% in 2015 to 23.7% in 2016. At the end of the period, it was equal to 23% (table 4).
The high rate of late detection of lung cancer in 2018
was reported in 5 regions: East Kazakhstan (26.7%), Karaganda (28.8%), Turkestan (31.4%) regions, the cities of Shymkent (26.2%), and Nur-Sultan (35.5% – the highest rate).
The average Republican rate of late detection (23%) was
exceeded in 4 more regions: Almaty (23.4%), Kostanay
(23.6%), Akmola (24.7%), and Pavlodar (25.3%) regions.
Lower rates of late detection were reported in 8 regions:
the city of Almaty (21.1%), Aktobe (19.4%), North Kazakhstan (19.2 %), Mangystau (18.9%), Atyrau (12.2%), Kyzylorda (11.1%), and West Kazakhstan (10% – the best result)
regions.
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Table 4 – Late detection (stage IV) of lung cancer in the Republic of Kazakhstan, by region, 2014-2018, %

Atyrau

East
Kazakhstan

Zhambyl

West
Kazakhstan

Karaganda

Kyzylorda

Kostanay

Mangystau

Pavlodar

North
Kazakhstan

Turkestan

16.6

19.8

10.1

30.9

11.0

11.2

34.4

19.1

28.1

13.8

24.1

21.3

SKR – 24.7

14.7 23.1

2015

33.5

23.0

18.9

15.5

24.6

14.6

17.0

26.7

13.8

30.7

14.8

25.6

23.3

SKR – 22.6

19.0 22.8

2016

24.9

21.7

28.7

20.0

28.2

22.6

20.6

25.1

8.2

27.2

11.7

25.1

19.1

SKR – 24.7

17.1 23.7

2017

26.8

20.3

23.5

17.4

31.5

17.9

6.7

27.3

9.5

22.2

17.1

25.4

15.1

SKR – 27.4

23.6 23.3

2018

24.7

19.4

23.6

12.2

26.7

16.1

10.0

28.8

11.1

23.6

18.9

25.3

19.2

31.4

26.2

21.1

Dynamics
for 5
years, %

-7

17

19

21

-13

46

-11

-16

-42

-16

37

5

-10

27

6

44

Nur-Sultan
city

Almaty

26.5

Almaty city

Aktobe

2014

Shymkent
city

Year

Akmola

Regions of the Republic of Kazakhstan (RK)
RK

35.5 23.0
42

-1

Note: *The color highlights the regions with the highest rates of late detection of lung cancer

In the dynamics of over the five years under study,
the late detection rate has decreased in 7 regions and increased in 10 regions.
5-year survival of LC patients
5-year survival of LC patients is an integrated indicator
of the availability and quality of cancer care provided to
the population, starting from the stage of primary health
care, and depends on the timeliness of pathology detection, the quality of diagnosis and the given treatment.
The lack of clinical manifestations of early LC often leads
to its late detection. Smoking worsens the course of the disease as it promotes cancer with severe KRAS mutation, which

has a very poor prognosis when treated with standard chemotherapy. Effective treatments for this type of mutation are
absent worldwide. The average life expectancy of such patients is 2-6 months from the start of clinical manifestations.
The only way to increase life expectancy for such patients is to
detect LC at an early stage, before clinical manifestations [5].
Table 5 presents the latest data on observed and relative survival in a European study conducted under the auspices of the IARC. In most countries, one-year survival was
20-30%; five-year survival was 6-15%. In Russia, survival
rates were available only in the Population Cancer Register of St. Petersburg. Observed survival rates across countries varied significantly.

Table 5 – Observed (o) and relative (r) survival rate of lung cancer patients in European countries* [6]
Countries
Austria
England
Germany
Denmark
Iceland
Spain
Italy
Netherlands
Poland
Russia (Saint Petersburg**)
Slovakia
Slovenia
Finland
France
Switzerland
Sweden
Scotland
Estonia

Men
3-year

1-year
o
34
21
30
23
35
30
32
38
27
38
32
30
39
40
38
30
21
29

r
35
22
32
24
37
31
33
40
28
40
33
31
40
41
40
32
23
30

5-year

o
14
7
10
7
16
13
11
14
9

r
15
9
12
8
18
14
13
16
10

o
9
5
8
5
10
11
8
10
6

r
11
7
10
6
12
13
10
12
7

12
10
13
15
15
10
7
8

14
11
15
17
17
12
8
9

10
6
9
11
10
7
5
5

12
8
11
13
12
9
6
7

1-year
o
32
21
33
25
38
31
30
42
27
38
32
26
39
42
38
33
22
32

r
33
22
34
26
39
31
31
43
28
40
34
27
41
43
39
33
22
33

Women
3-year
o
r
18
19
8
9
16
17
9
9
15
17
16
17
13
14
18
19
10
11

5-year
o
r
14
15
6
7
13
15
6
7
11
13
13
15
9
11
13
14
8
10

19
10
15
24
16
13
8
16

16
6
10
18
10
10
12
12

21
11
17
25
17
14
9
18

19
7
12
20
12
11
14
14

* Eurocare-II Study (1995-1989); ** Data from PCR for 1995.

In the Republic of Kazakhstan, the 5-year survival of patients, first registered for LC in 2012, was 6.9%. This rate
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varied by regions of the country, from 2.5% in West Kazakhstan to 11.5% in Kyzylorda (table 6).
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Table 6 – 5-year survival rate of patients with lung cancer by Kaplan-Meier among the patients first registered in Kazakhstan in 2012
Name of regions

Total number of patients Number of deaths of newly Absolute number of lung
newly diagnosed
diagnosed patients in 2012- cancer patients living for
in 2012
2018
5 years or more

5-year
survival
rate,%

Akmola

226

214

12

5.3%

Aktobe

156

141

15

9.6%

Almaty

287

266

21

7.3%

Atyrau

89

84

5

5.6%

EKR

451

431

20

4.4%

Zhambyl

147

140

7

4.8%

WKR

158

154

4

2.5%

Karaganda

397

378

19

4.8%

Kyzylorda

131

116

15

11.5%

Kostanay

300

279

21

7.0%

Mangistau

59

53

6

10.2%

Pavlodar

298

276

22

7.4%

NKR

230

208

22

9.6%

SKR

230

212

18

7.8%

Nur-Sultan city

140

128

12

8.6%

Almaty city
Republic of Kazakhstan

249

222

27

10.8%

3548

3302

246

6.9%

The result was higher than the national average in 10
out of 16 regions (before the split of the South Kazakhstan
region into the Turkestan region and the city of Shymkent):
Kyzylorda (11.5% – the best result), Mangystau (10.2%),
North Kazakhstan (9.6%), Aktobe (9.6%), South Kazakhstan
(7.8%), Pavlodar (7.4%), Almaty (7.3%), and Kostanay (7%)
regions, as well as in the cities of Nur-Sultan (10.8%) and Almaty (8.6%).
Low 5-year survival rate was reported in 6 regions: Atyrau
(5.6%), Akmola (5.3%), Zhambyl (4.8), Karaganda (4.8%), East
Kazakhstan (4.4%), and West Kazakhstan (2.5% – the worst
result) regions.
At that, a high 5-year survival rate of lung cancer patients in Kyzylorda region was achieved against the background of high early detection and low late detection of
cancer, which was completely logical.
Cancer control activities, including LC
In 2017, the World Health Assembly has adopted the
resolution “Cancer prevention and control in an integrated
approach” (WHA70.12), in which it called on governments
and WHO to accelerate actions aimed at achieving the goals
for reducing early cancer mortality set in the Global Plan of
Action and the United Nations Sustainable Development
Agenda until 2030.
Kazakhstan, in its actions to reduce cancer mortality, including LC, is guided by the Comprehensive Cancer Control Plan for 2018–2022 adopted by the statement of the
Government of the Republic of Kazakhstan No.395 dated
June 29, 2018. This Plan envisages a number of state-funded measures to improve and develop cancer services, revision of treatment standards, inter-institutional approach to
the prevention of all types of cancer.

In 2018, Kazakh Institute of Oncology and Radiology has
launched a pilot program for early diagnostics of lung cancer using low-dose computed tomography (LDCT). The institute has arranged a consultative “hub center” which interprets all LDCT images obtained under the pilot program.
Suspected patients are further examined locally. The technique of digitalization of computed tomographic studies allows receiving a “second opinion” from the specialists of the
“hub center” in a short time and without the patient’s participation. The pilot program covers East Kazakhstan and Pavlodar regions, where the LC incidence exceeds the national
average level. Today, the pilot program is being expanded
to cover more regions.
This program provides for a comprehensive study including all the processes, from screening and verification to
LC treatment. The exposure dose is comparable to the traditional chest X-ray and is less than 1 mSv.
In 2018, more than 1,000 patients were examined; 250
pathologies were found, of them, 15 were LC cases.
Conclusion: The LC incidence and mortality in Kazakhstan remain an acute problem; at that, in some regions,
these indicators exceed the national average. Such regions
require a wide use of modern methods of LC diagnosis and
treatment.
LC can be successfully treated when detected at an early stage. Therefore, adequate early detection is the principal organizational measure of public healthcare that can
improve survival rates. Timely sparing organ preservation
treatment allows preserving working capacity and improving the social rehabilitation of patients.
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The role of catheter jejunostomy in the
esophageal-intestinal anastomosis failure:
clinical case
Relevance: The total incidence of stomach cancer (SC) is decreasing; however, the incidence of cancer of the proximal section of the stomach and cardioesophageal cancer (CEC) is increasing. Together, these two cancers make 37%
of all SC localizations. At that, most of the patients with CEC are admitted to hospital at advanced stages of cancer.
Some researchers report that 80-85% of CEC cases are diagnosed at stages III-IV of the tumor process. Proximal stomach cancers are the 6th most common cause of death from cancer and the 9th most common cause of death worldwide.
Modern literature does not cover enough the conservative treatment in case of failure of esophageal-intestinal anastomosis in
CEC and SC involving the esophagus.
Despite improvements in the surgical method of treating cancer of the stomach and esophagus, postoperative complications are still quite frequent due to the high complexity and trauma of these operations. The failure of the esophageal-intestinal
anastomosis remains the most dangerous complication. According to the literature, it develops in 2-14% of patients. In a retrospective multicenter study, the anastomosis failure was the cause of death within 30 days after surgery in 30% of cases. Aurello
reports the overall mortality of 26.32%. Complete healing of the anastomosis can be achieved within 7-28 days in the group
receiving conservative treatment. A conservative approach should always be considered as a method of choice.
Purpose of the study is to assess the effectiveness of catheter jejunostomy as a method of conservative treatment of esophageal-intestinal anastomosis failure during operations for stomach cancer.
Results: The provided clinical case demonstrates that, in case of esophageal-intestinal anastomosis failure, the conservative treatment, including adequate drainage of the abdominal cavity, control of the total blood protein, maintaining stable homeostasis against adequate nutritional support via a catheter jejunostomy, allows achieving complete healing of the
esophageal-intestinal anastomosis.
Conclusion: The implemented catheter jejunostomy technique allows limiting the use of surgical treatment as a method of
choice in the failure of esophageal- intestinal anastomosis. Adequate nutritional support of patients allows maintaining the
homeostasis indicators within normal limits what ultimately leads to a healing of the occurring complication.
Keywords: stomach cancer, failure of esophageal-intestinal anastomosis, catheter jejunostomy.

Introduction. Recently, the total incidence of stomach
cancer (SC) is decreasing; however, the incidence of cancer
of the proximal section of the stomach and cardioesophageal cancer (CEC) is increasing. Together, these two cancers make 37% of all SC localizations. At that, most of the
patients with CEC are admitted to hospital at advanced
stages of cancer. Some researchers report that 80-85% of
CEC cases are diagnosed at stages III-IV of the tumor process. In the UK, 50% of patients have unresectable tumors
or distant metastases at primary diagnosis [2]. Proximal
stomach cancers are the 6th most common cause of death
from cancer, and the 9th most common cause of death
worldwide [3].
Despite improvements in the surgical method of treating stomach cancer and esophagus cancer, postoperative
complications are still quite frequent due to the high complexity and trauma of these operations. The failure of the
esophageal-intestinal anastomosis remains the most dangerous complication. According to the literature, it develops in 2-14% of patients [1].
In a retrospective multicenter study, the anastomosis
failure was the cause of death within 30 days after surgery
in 30% of cases [4]. The overall mortality reaches 26.32%
[5]. Complete healing of the anastomosis can be achieved

within 7-28 days in the group receiving conservative treatment. A conservative approach should always be considered as a method of choice [5].
Modern literature does not cover enough the conservative treatment in case of failure of esophageal-intestinal
anastomosis in CEC and SC involving the esophagus.
This category of patients is of undoubted scientific and
practical interest.
The article presents a case of successful conservative
therapy with catheter jejunostomy after the failure of the
esophageal-intestinal anastomosis.
Patient information. Patient B., 67 years old, was admitted to the Center of Thoracic Oncology of the Kazakh
Institute of Oncology and Radiology, JSC (KAZIOR) with
the diagnosis: “Cancer of the proximal stomach with the
abdominal esophagus spreading. Grade III. T3NxM0. Dysphagia grade III.”
Disease history: The patient reported general weakness and pain in the epigastrium since January 2017. He
noted problems with gastric transit of rough and thick
food, loss of weight (7-8 kg in 3 months). Esophagogastroduodenoscopy: “Cancer of the gastric cardia with the
transition to the lower third of the esophagus? Stenosis.
Histology – Gastric adenocarcinoma, G-II”. The patient was
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admitted to the Center of Thoracic Oncology of KAZIOR for
surgical treatment.
General state at admission: General state – relatively
satisfactory, stable. Consciousness – clear, adequacy – preserved. Arterial Tension: 120/80 mm Hg. Pulse: 80 bpm.
Temperature: 36.4°C. C. Breathing – vesicular, respiration
rate – 15/min, no rales. Heart tones – clear, the rhythm –
correct. The tongue – wet. The abdomen – soft, symmetrical, not swollen. The abdomen – soft, painless on palpation. No peritoneal signs. Urination – natural. Peristalsis
– active. Defecation – independent.
Examination at admission:

Radiographic contrast study of the esophagus and
stomach: The esophagus is unobstructed till the epiphrenic segment, where “stop contrast” is reported. The
entry of contrast in the underlying sections is not registered during the delayed examination after 30 minutes, 60
minutes, 180 minutes, persistent filamentous narrowing of
the esophagus is expressed. It is not possible to assess the
extent of the lesion, due to the lack of contrast in the lower segments.
Conclusion decision: X-ray image of organic decompensated esophageal stenosis, more characteristic for blastoma
(Figure 1).

Figure 1 – Initial image, cardioesophageal blastoma
Computed tomography at admission: CT-picture of
organic lesions of the abdominal esophagus and gastric
cardia. Involvement of the pancreas tail in the process is
not excluded. Lymphadenopathy of perigastric, intra-aortic, and para-aortic lymph nodes. Metastases?
Surgical treatment: Combined extended gastrectomy
with resection of the abdominal esophagus, LD-D2. Catheter jejunostomy.
Laboratory tests, Day 3 after surgery: Total protein –
57.4 g/l, WBC – 11.61;
Laboratory tests, Day 18 after surgery: Total protein –
69.6; WBC – 17.23;
Laboratory tests, Day 30 after surgery: Total protein –
62.2 g/L, WBC – 6.53;
Laboratory tests, Day 45 after surgery: Total protein –
65.8 g/L, WBC – 16.45;
Laboratory tests, Day 48 after surgery: WBC – 6.0.

Postoperative histology: Adenocarcinoma, GII of the
stomach with invasion into all layers of the wall and omentum invasion, with foci of comedo necrosis.
In the lymph nodes No. 1, 3,6,7,8,9,12, tumor metastases were not detected.
In the lymph nodes No. 2, the lymph nodes of the lesser omentum the metastasis is determined. Greater omentum is of normal structure.
On Day 6 after surgery, after the removal of the drainage tube, the intestinal discharge flows from the wound of
the abdominal cavity on the left. A radiographic contrast
study of the esophageal-intestinal anastomosis has been
recommended.
Radiographic contrast study of the esophageal-intestinal anastomosis: X-ray image of post-surgery status
(gastrectomy), failure of the anastomosis, violation of the
innervation of the small intestine (Figure 2).

Figure 2 – Day 6 after gastrectomy
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Considering the clinical and radiological data of the
failure of the esophageal-intestinal anastomosis, per os
nutrition was limited to the patient; nutritional support
was provided exclusively through catheter jejunostomy.
The drainage tube was washed with antiseptic solutions
(Furacilin, betadine) and re-installed through the old pas-

sage at the left side of the abdominal cavity.
A control radiographic contrast study of the esophageal-intestinal anastomosis, Day 21 after surgery: X-ray
image of post-surgery status (gastrectomy), failure of the
anastomosis, a violation of the innervation of the small intestine. There is a stable picture over time (Figure 3).

Figure 3 – Day 21 after gastrectomy
Control radiographic contrast study of the esophageal-intestinal anastomosis, Day 35 after surgery: X-ray
image of post-surgery status (gastrectomy), anastomositis,

the violation of innervation of the small intestine. There is
lower lobe pneumonia at the right. The cessation of the flow
of contrast beyond the anastomosis is registered over time.

Figure 4 – Day 36 after gastrectomy
The discharge flow through the drainage tube was not
noted over time; the drainage tube was removed on the
36th day after the operation. The patient’s condition has improved; the patient was discharged in a relatively satisfactory condition for outpatient monitoring and treatment.
Conclusions: The implemented catheter jejunostomy
technique allows limiting the use of surgical treatment as
a method of choice in the failure of esophageal- intestinal
anastomosis. Adequate nutritional support of patients allows maintaining the homeostasis indicators within normal limits what ultimately leads to a healing of the occurring complication.
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Pseudoangiomatous hyperplasia
of mammary stroma:
clinical cases
Relevance. Pseudoangiomatous stromal hyperplasia (PASH) is a rare benign breast pathology. Less than 300 cases of PASH
are described in the literature; in most cases, the disease appears as a histological finding during a biopsy performed on a different diagnosis. PASH is often associated with other benign breast changes, and these changes may dominate in the clinical
and radiological presentation. The BI-RADS scale classifies PASH as category 2 (benign changes). Differential diagnostics shall
include fibroadenoma, phylloid tumor, and diabetic mastopathy. PASH is not a precancerous condition and does not require
active surgical treatment or dynamic monitoring. After surgery, the risk of relapse occurs in 15-22% of cases.
PASH diagnostics is challenging due to the variety of radiological patterns and the absence of pathognomonic radiological signs.
Purpose of this study is to familiarize with this pathology and improve differential diagnosis.
This article presents clinical cases of three patients with pseudoangiomatous stromal hyperplasia of mammal glands with
different clinical and radiological patterns.
Conclusions. In the case of questionable results of radiation examination, biopsy followed by histological examination is
required to clarify the diagnosis.
Keywords: Pseudoangiomatous stromal hyperplasia, mammography, breast ultrasonography.

Introduction. Pseudoangiomatous stromal hyperplasia (PASH) is a rare benign breast pathology first described
in 1986 by Vuitch and coauthors in 9 patients with palpable neoplasms in the mammary gland [1]. The scientific literature in English offers a range of publications devoted to
this pathology and its diagnostics [2-5]. However, no publications on that topic could be found in Russian-language
literature.
This article presents the results of a radiation examination of three patients to demonstrate the differences
in clinical and radiological manifestations of histologically confirmed PASH.
The correct and timely PASH diagnostics at the preoperative stage allows for avoiding unnecessary invasive interventions. Despite the low prevalence of this pathology,
practical radiologists should be aware of the disease, know
its clinical symptoms, radiation semiotics, and tactics to
ensure optimum management of patients.
Description of cases.
Case 1 (Figures 1-4).
A female patient, 47 years old, presented complaints
on a neoplasm in her right breast, accidentally detected during the screening in 2012 and painfulness in the
place of neoplasm. The neoplasm was not palpable;
over the years, it slowly increased in size. Histological
diagnosis of a core-needle biopsy has shown a mammary fibroadenoma.
The oval neoplasm of average density, precise contour,
with dimensions 2.2x1.2 cm at a distance of 6 cm from the
nipple was detected on a mammography study of the lower inner quadrant of the right mammary gland.
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Figure 1 - Mammograms of the right mammary gland, frontal
and oblique views. Neoplasm in the lower inner quadrant, with
medium intensity, and precise contour.

Figure 2 - Ultrasound examination of the right mammary gland.
A hypoechoic mass with a fuzzy contour and heterogeneous
structure.

Ultrasound examination: a hypoechoic neoplasm with a
fuzzy contour, parallel to the skin, with a heterogeneous internal echo-structure and a marked distal acoustic shadow. The
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patient was recommended surgery due to neoplasm growth.
Postoperative histology conclusion: PASH with foci of
fibroadenomatous changes, without any signs of atypia.
Case 2 (Figures 3-5).
A female patient, 72 years old, without complaints. Screening mammography showed a locus of developing asymmetric tissue 4.5x2.0 cm in size, in the upper-outer quadrant of
the mammary gland, 6.3 cm away from the nipple.
Ultrasound examination: an irregular shape neoplasm
difficult to measure due to its ductal distribution. BI-RADS
4.Histological diagnosis after of core-needle biopsy: PASH
with a simple ductal hyperplasia.
The patient was recommended to continue the routine
mammography screening.

Figure 3 - Tomosynthesis (performed in 2019). In the upper-outer quadrant of the right mammary gland - the locus of focal
asymmetry

Picture of 2016.
Picture of 2017.
Picture of 2019.
Figure 4 - Mammograms of the right mammary gland taken in 2016, 2017 and 2019: the developing
asymmetry locus in the upper-outer quadrant

Figure 5 - Ultrasound examination of the right mammary gland:
a neoplasm, irregular shaped

Case 3 (Figures 6-7).
A female patient, 45 years old, presented complaints
on a neoplasm in the left mammary gland, accidentally detected during the screening mammography about 3
years ago, with the slow growth of the neoplasm. The biopsy showed a fibroadenoma. No other complaints were
recorded; the neoplasm was not clearly palpable.
The mammography of the upper-outer quadrant of the
left breast showed an oval neoplasm with partially indistinct contours, and low density sized 4.0x3.1 cm.
Ultrasound examination: a hypoechoic mass with precise contours, parallel to the skin, heterogeneous internal
echo-structure, size 4.1x4.1 cm.
The patient was recommended surgery due to neoplasm growth.
The postoperative conclusion of the histology exam-

ination was the following: PASH associated with fibroadenomatous changes, steatonecrosis, and apocrine metaplasia.

Figure 6 - Tomosynthesis: the neoplasm with partially indistinct
contours in the upper-outer quadrant of the left mammary gland
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Figure 7 - Ultrasound examination of the left mammary gland:
a hypoechoic neoplasm with precise contours and
heterogeneous structure

Discussion
Pseudoangiomatous stromal hyperplasia is a benign
condition of the mammary gland associated with a collagen proliferation. In most cases, that disease is an incidental histological finding during a biopsy performed because
of a different diagnosis.
Less than 300 cases of PASH were described in English-language scientific literature; the most extensive series of cases included 79 patients [6]. In one of the studies,
PASH was detected in histological samples of 23% of patients after sectoral resection for another reason [7].
That pathology is observed in both women and men;
in men, it is often associated with gynecomastia. In a
study, PASH as a comorbidity was detected in 24-47% of
men with gynecomastia [8].
The etiology and pathogenesis of PASH are not thoroughly studied; however, hormonal factors are known to
play a significant role in PASH development. PASH is more
common in women in the premenopausal and perimenopausal period [9].
PASH affects patient of different ages and has been reported in women of 14 to 67 years, with the highest prevalence at the age of 30-50 years [10, 11]. This pathology is
rare in patients after 50 years in the postmenopausal period without a hormone replacement therapy. This fact confirms the hormonal etiology of PASH.
Several studies reported the change in the size of neoplasms depending on the phase of the menstrual cycle
phase what reconfirmed its hormonal genesis [12]. Histological findings showed a positive sensitivity of stromal
cells to progesterone receptors and moderate stromal nuclear sensitivity to estrogen receptors, while the nuclei of
the stromal cells in control cases without PASH stained
none of the receptors [9].
Clinical and radiological manifestations
Clinically, PASH is usually manifested as moving palpable
neoplasm in a mammary gland with a tendency to growth [13].
PASH is often detected during a histological examination with no clinical symptoms [14].
On a mammogram, PASH may look like a round or oval
neoplasm which resembles a fibroadenoma, with a precise
contour of high Х-Ray density, more often with no signs of
microcalcifications [15].
During a mammary gland ultrasound examination,
PASH commonly manifests itself as a hypoechoic, oval,
or round neoplasm, with slightly heterogeneous internal
echo-structure [15].
The dimensions of the neoplasm may range from 1 to
23 cm [16].
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On MRI study of the mammary glands, the PASH pattern is not specific and varies from a neoplasm accumulating the contrast to a focal accumulation of contrast no developing a neoplasm, usually with benign parameters on
kinetic tests [17].
PASH is often associated with other benign breast
changes, and these changes may dominate in clinical and
radiological patterns.
Histology
The proliferation of stromal cells, more precisely, the
proliferation of collagen, forms slit-like channels which are
lined by myofibroblasts (spindle cells) and resemble vascular channels [18]. It should be taking into account that this
is not a true angiomatous proliferation, and these channels are not the blood vessels. In this regard, PASH may be
wrongly viewed as a vascular neoplasm.
A spindle tumor cells are positive to Vimentin, CD34,
BCL2, CD99, and α-smooth muscle actin, but negative to
CD31 and Factor VIII (endothelium-specific marker). Also,
the cells exhibit a hormonal sensitivity and often express
the progesterone and estrogen receptors [19].
Differential diagnosis
The clinical and radiological methods should be applied to differentiate PASH from other benign breast diseases such as fibroadenoma, phylloid tumor, and diabetic mastopathy [20].
Morphologically, PASH should be differentiated from
low-differentiated angiosarcoma and tumors containing
spindle cells such as phylloid tumors and desmoid [21].
Tactics
PASH is a benign breast disease. It is not a pre-cancerous condition or not the risk factor for breast cancer development [13]. The literature does not describe any cases of
synchronous PASH and breast cancer; however, it is theoretically possible.
The literature also does not describe malignant PASH
variants, except two cases of PASH with marked cytological
atypia, multinucleated cells and high mitotic activity in adolescent girls finally diagnosed with myofibroblastic sarcoma. These cases were described by Rosen in his “Breast Pathology” [22].
The BI-RADS scale classifies PASH as category 2 (benign
changes).
In the case of questionable results of radiation examination, biopsy followed by histological examination is required to clarify the diagnosis.
No active surgical tactics or dynamic observation is required for PASH management. The surgical resection may
be indicated in the following cases: the neoplasm growth,
the diffuse PASH with the mammary gland growth, and in
case of non-conformity between the histological diagnosis and the radiation pattern. After surgery, the relapse occurs in 15-22% of cases [15].
There are no generally accepted recommendations for
PASH conservative treatment. This disease is sensitive to
tamoxifen; however, the treatment outcome is supported only within the long-term anti-estrogen therapy [23].
The long-term intake of tamoxifen has many side effects
and cannot be recommended for young women in the
pre-menopausal period.
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Conclusion. The analysis of available literature has revealed no pathognomonic radiation signs of PASH, this
rare benign breast pathology. The most frequent radiological manifestation is a round neoplasm of a precise
contour with sonographic heterogeneous internal content. In a majority of cases, the solid nature of the neoplasm requires a histological verification using core-needle biopsy. The detection of PASH in pathological
specimens can verify the benign nature of the neoplasm
that requires no further dynamic observation.
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Results of surgical treatment and
immunochemotherapy of primary
non-Hodgkin’s lymphomas of the orbit
Relevance: Treatment of non-Hodgkin’s lymphomas (NHL) of the orbit is an acute problem in oncophthalmology. In recent
years, much importance in developing the tactics of treating lymphomas of the orbit is given to prognostic factors that influence the effectiveness of treatment and total survival of patients.
Purpose of the study was to assess the effectiveness of surgical treatment in combination with immune chemotherapy in
patients with lymphoma of the orbit depending on prognostic factors and to achieve a better quality of life of patients.
Results: The results of histological and IHC verification of diagnosis and combination treatment of 17 patients with malignant lymphomas of the orbit were analyzed. The treatment outcome was compared by stage of the disease and the methods of
treatment (surgery, immune chemotherapy). Surgery and immune chemotherapy of advanced stages of primary lymphomas
of the orbit proved to be more effective; the remission amounted to 80%. The quality of life by ECOG scale has improved from
3-4 before treatment to 1 after treatment. Also, the predictors influencing the treatment effectiveness were identified. The total
3-years survival of patients after combination treatment amounted to 98.6%.
Conclusion: All studied tumors had a high proliferative index (above 80%) what dictated the use of adjuvant immunochemotherapy in all cases of B-cell lymphoma. In all patients with advanced stages, the use of combination therapy (surgery +
immune PCT) allowed achieving a better effect compared with surgery alone, what has proven the adequacy of the chosen
treatment tactics.
Keywords: primary malignant lymphoma of the orbit, surgical treatment, chemotherapy, and therapy prognosis.

Introduction. Non-Hodgkin lymphomas (NHL) of the
eye orbit make up from 8 to 12% of all primary extranodal NHLs [1]. According to other authors, primary NHL of the
orbit account for 2 to 4% [2], 5 to 14% [3] of all extranodal lymphomas and 37.3% of all malignant orbit tumors [4].
The share of lymphomas in primary tumors of the orbit is
also controversial. Academician A.F. Brovkina et al. report
that they constitute more than half of primary orbit tumors
[4], the other sources – no more than 10% [5].
NHLs of the orbit belong to extranodal lymphomas.
They most often have a B-cell origin with a predominantly indolent course [1]. In the literature, extranodal
NHLs range from 24% to 40.7% of all NHLs [6]. Poddubnaya et al. [7] report that extranodal NHLs account for
24-48% of all NHLs, while NHL of the orbit, the eye, and
its sinus make 4.1 to 8% of all extranodal lymphomas
[6]. In all disseminated forms, the involvement of orbit
and conjunctive tissues is limited to 5.3% of patients [2].
Lymphomas make 37.3-40 % of all malignant neoplasms
of the orbit [4].
WHO has classified a new variant of lymphomas, including В-cell lymphomas from MALT-type marginal cells,
i.e., tumors developing from lymphoid tissue associated
with mucous membranes. Among primary NHL of visual
organs, the most frequent are indolent MALT lymphomas
that make up to 54.4% [2, 8] and tumors from the cells of
the mantle zone - up to 23.5% [7, 9, 10]. Diffuse large B-cell
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lymphoma (DLBCL) of the orbit ranks third in incidence
among other lymphomas.
Lately, prognostic factors affecting treatment efficacy
and patient survival are of particular importance when developing tactics for treating lymphomas of the orbit. The
disease prognosis for NHL of the orbit was estimated by
International Prognostic Index (IPI), which considers the
patient’s age (over 60 years old), general status by ECOG,
LDH in serum (over 450 IU / l), Ki 67 proliferative index, IHC
data, and Ann Arbor classification stage.
Purpose of the study was to assess the efficacy of combination therapy of patients with orbital lymphoma depending on prognostic factors.
Materials and Methods: We have analyzed the literature data and the results of our own study when conducting combination treatment in patients with lymphoma of
the orbit.
The inclusion criteria: primary patients above 18 years
with B-cell lymphoma, verified by histology and IHC tests,
regardless of proliferative activity (Ki 67) and tumor stage;
ECOG performance status – NMT 3. Other inclusion criteria
included: ANC ≥1,000/μL, PLT CNT ≥50,000/μL, serum creatinine and urea levels ≤1.5x ULN, ALT and AST ≤2.5x ULN.
Overall 3-year survival rate.
All surgery interventions were planned individually
based on the findings of radiological examinations. Ultrasonography before the operation was performed using ex-
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pert class “Logiq-7” ultrasonographer. We used multi-frequency transducers: linear with a frequency of 5-7.5 MHz
and convex with a frequency of 3.5-5 MHz. Additionally, to
assess the vascularization of the DDC, Power Doppler Mapping and SD in real-time, when the second tissue harmonic mode is activated.
All 17 patients received treatment and diagnostic orbitotomy with the removal of the orbit tumor and rapid histological examination of the surgical material. A rapid survey was conducted to exclude other morphological forms
of neoplasms, which could affect surgical tactics.
Killian’s transcutaneous orbitotomy was performed
in 11 (64.7%) patients, transpalpebral orbitotomy – in 3
(17.6%), external orbitotomy by bone-temporal access – in
2 (11.7%), and by Smith access – in 1 (5.8%) patient.
After surgery, the patients received polychemotherapy
(PCT) in different regimens depending on the prognostic
factors (stage of the process, IHC data, proliferative index,
etc.). The patients with B-cell lymphomas and CD 20 (+)
antigene expression received PCT in the R-CHOP regimen
(6 to 8 courses): Rituximab 375 mg/m2 on Day 1, IV, Cyclophosphamide 750 mg/m2, Doxorubicin 50 mg/m2, Vincristine 1.4 mg/m2, all i / v on Day 2, prednisolone 40 mg/m2
on Days 1-5. The patients with Т-cell NHL received PCT
in the CHOЕP regimen (Cyclophosphamide 750 mg/m2,
Doxorubicin 50 mg/m2, Vincristine 1.4 mg/m2 - all i / v on
Day 2, Etoposide 100 mg/m2 on Days 1-3 i.v., and Prednisone 40 mg/m2 i.v. on Days 1-5), 6 courses in total. Five patients with stage IV of the process underwent an orbitotomy and partial removal of the tumor and subsequent
immune PCT in the R-CHOP scheme up to 3-4 courses.
The effectiveness of treatment was assessed by the results of clinical, laboratory and instrumental studies (full
blood count (FBC), lactate dehydrogenase (LDH), alkaline
phosphates (ALP), radiation methods).
The primary points of assessment included: size and localization of the primary tumor according to radiology examination, FBC, blood chemistry (LDH and ALP), tumor biop-

sy IHC, myelogram, cytogenetic test results, immunological
studies and the patient’s activity by ECOG scale. The primary points were assessed by ophthalmoscopy, FBC, blood
chemistry (LDH and ALP), tumor needle biopsy, orbitotomy with subsequent histological examination of the tumor,
IHC-test to determine the CD 20 antigene expression.
The secondary endpoints of assessment included: tumor
regression rate (complete, partial regression) based on
the tumor size reduction data, intoxication symptoms relief, the improvement of results of radiology examination,
blood biochemistry (LDH and ALP), the myelogram data
after 4-6 PCT courses, as well as the EGOC performance
status and 3-year total survival of the patients.
Results and Discussion: We analyzed the results of a
combination treatment of 17 patients with NHL of the orbit, of them, 8 men and 9 women. The patients were aged
23 to 92, average age – 57 years. Distribution of disease
stage: stage III – 12 (70.5%), stage IV – 5 (29.4%). Unilateral
damage to the orbit – in 15 (88.2%) patients, bilateral – in
2 (11.7%) patients. In 12 (70.5%) patients, the process was
localized in the anterior parts of the orbit, in 5 (29.4%) –
in the middle and deep parts of the orbit with distribution
to the maxillary sinus. All patients had the EGOC performance status 3-4 before the treatment.
The clinical picture of the NHL of the orbit was characterized by different degrees of exophthalmos, the difficulty of reposition, ptosis of the upper eyelid, diplopia, displacement of the eyeball, restriction of its mobility.
Radiation examination (figure 1) showed the process
localization in the orbit, namely, nodular form of NHL and
allowed to determine the damage to the lacrimal gland.
Twelve patients (70.5%) with frontal localization of the process in the orbit underwent cytological verification of the
process. The cytological sign of lymphoma was the detection of the proliferation of abnormal lymphoid elements
in the resulting biopsy. Five (29.4%) patients with deep localization of the tumor underwent orbitotomy with subsequent histological and IHC examination.

Figure 1 – Patient A., 45 years (episodes before and after treatment)
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Figure 2 – Ultrasonography, Patient A., 67 years. Lymphoma of the orbit

The study of the incidence of morpho-immunological
variants of primary NHL has shown the prevalence of DLBCL (8 cases, 47.0%) and MALT lymphoma (4 cases, 23.5%).
Other cases included lymphomas from the mantle zone
(2 cases, 11.7%), follicular lymphoma (2 cases, 11.7%), and
Т-cell lymphoma (1 case, 5.8%).

Saakyan et al. [10] reported the number of primary
В-cell lymphomas of the orbit not to exceed 50% what is
fully consistent with our data.
In most cases (16 out of 17), the tumor had high proliferative activity: Ki 67 varied from 56 to 80%. Besides, IHC
examination has shown the CD20 antigene expression in
all but one patient.

Figure 3 - MRI of the orbit, the same patient А., 67 years. Lymphoma of the orbit

Lymphoproliferative diseases of the orbit suggest conservative surgery. It is essential not only to preserve the
vision but to avoid, as much as possible, such violations
of the organ of vision, as squint, ptosis, coarse postoperative scars. Individual planning of operations and use of microsurgical equipment, careful hemostasis when perform-
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ing orbital operations allowed to reduce the percentage
of postoperative complications in this category of patients
by 2-2.5 times compared to the results without individual
planning of operations.
After immune PCT, all patients had remission of the disease, confirmed by radiation examination (more than 80%).
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Only in one case, due to the residual tumor in the maxillary
sinus, the patient had to undergo additional remote gamma
therapy in the single boost dose 2 Gr to total boost dose 36
Gr after 4 PCT courses. One month after the radiation therapy radiation examination shows partial regression of the tumor in the maxillary sinuses. It is worth noting that before
treatment all the patients, especially those with stage IV of
the disease, had high LDH (560 to 645 U / L) and ALP (270 to
320 U / L) levels. After the conducted combination therapy,
the LDH and ALP levels approached normal values: LDH varied in the range of 259 - 332 U / L and ALP – 132 to 143 U
/ L. FBC values were also normalized after their treatment.
After surgery and immune PCT, the ECOG performance
status was equal to 1. All patients are currently in remission and under surveillance at the place of residence. Regardless of the effectiveness of treatment, 6-7 months later, they should pass PET-CT to evaluate the effectiveness of
treatment and predict further therapy.
Analysis of data obtained in the limited cohort of patients
with tumors of В-cell origin stages III-IV, leads to the following
conclusion: the scope of surgery and the PCT regimens depended mainly on the stage and localization of the process,
whereas the immune PCT was administered depending on
the cell origin of the tumor and the proliferative index. Nearly all tumors had a high proliferative index, which dictated
the use of adjuvant immune PCT in all cases of B-cell lymphoma. In all patients at terminal stages, the combination therapy (surgery + immune PCT) allowed to achieve a better effect
compared with the surgical method, which indicates the adequacy of the choice of treatment tactics.
It should be noted that the effectiveness of treatment
and the disease forecast did not significantly depend on
the patient age. The liver enzymes (LDH and ALP) were
back to normal levels after surgery and immune PCT what
indicates their prognostic value.
The quality of life of patients has improved after treatment; the ECOG performance status was equal to 1.
Conclusions:
1. The orbit of the eye is most often affected by В-cell
NHL. In our study, 16 out of 17 patients (94%) had В-cell
lymphoma vs. 8 (47%) patients with DLBCL.

2. Combination therapy (surgery + immune PCT) has
proven its high efficacy against advanced stages of the disease. Remission has exceeded 80%.
3. The proliferation index of tumors, the expression of
CD 20 (+) antigen, as well as the LDH and ALP levels have
a more significant effect on the prognosis of the disease
compared with other prognostic signs.
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Risk assessment of metachronous peritoneal
dissemination after radical surgery
for gastric cancer
Relevance: A high incidence of metachronous peritoneal dissemination (PD) and extremely unfavorable prognosis of gastric cancer (GC) in case of peritoneal carcinomatosis in comparison to the development of distant lymphohematogenous metastases [1] necessitate the prediction of metachronous PD in patients radically operated for GC to determine the high-risk cohort. The literature does not describe methods of evaluating the probability of PD in GC progression what justifies the feasibility
of research in this direction.
Purpose of the study was to increase the efficiency of the prediction of metachronous PD.
Results: The results of 1065 radically operated patients (of them, men – 60%, women – 40%; aged 23-89, in average, 63±12
years) showed that a high-risk factors of GC progression with metachronous PD was associated with a metastatic damage of
the regional lymphatic collector, with ulcerous-infiltrative and diffuse-infiltrative forms of GC progression, and with the spread
of the primary tumor deeper submucosal layer. The proposed prognostic model based on multifactorial analysis (Fine-Gray
model) can be used to evaluate the probability of metachronous MD development (concordance index – 0.81).
Conclusion: The proposed prognostic model using a nomogram or a formula ensures a differentiated approach to the
choice of adjuvant treatment, taking into account the actual probability of metachronous PD development. The model can
also be used in the planning of diagnostic and treatment measures aimed at maximum early detection and prevention of this
type of GC progression.
Keywords: gastric cancer, peritoneal dissemination (PD).

Introduction. A high incidence of metachronous peritoneal dissemination (PD) and extremely unfavorable
prognosis of gastric cancer (GC) in case of peritoneal carcinomatosis in comparison to the development of distant
lymphohematogenous metastases [1] necessitate the prediction of metachronous PD in patients radically operated for GC to determine the high-risk cohort. The latter will
enable to introduce a differentiated approach in the planning of therapeutic and diagnostic measures aimed at the
earliest possible detection and prevention of that GC pro-

gression form.
Materials and methods. The study includes 1065
patients, radically operated in N.N. Alexandrov National Cancer Center (Minsk, Republic of Belarus) in 2008–
2016. Of them, the breakdown by sex was the following:
men – 640 (60.1%), women – 425 (39.9%). The age of patients varied in an interval of 23-89 years old, on average,
63±12 years. The clinical and morphological patterns and
the degree of the tumor process prevalence are presented in Table 1.

Table 1 – Degree of the tumor process prevalence pTN
The tumor invasion
depth
рT1
рT2
рT3
рT4
Total patients

Degree of metastatic lesion of the regional lymph collector pN
рN0
рN1
рN2
рN3
204
22
5
0
146
44
12
4
78
44
30
13
153
95
86
129
581
205
133
146

By their histological structure, all distant tumors belonged to adenocarcinomas with various differentiation
levels. 114 patients had highly differentiated adenocarcinoma GI, 352 had moderate differentiation GII, 518 had
low differentiation GIII, and 81 had undifferentiated adenogenic cancer GIV. Diffuse-infiltrative and ulcerous-infiltrative were the most common forms for tumor growth (by
Borrmann) - 55% of all patients, 253 and 329 cases, respectively. The saucer-like growth pattern was registered in
451 cases, and the polypus form was detected in 32 cases.
The analysis of competing risks [2] was applied to evalu-
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Total number of
patients
231
206
165
463
1065

ate long-term treatment results. PD was the most common
variant of GC progression. It differed from other options
by both the development mechanism and approaches to
its prevention and treatment [3]. That was the reason why
we’ve chosen PD among the possible variants of distant
metastasis in GC, that is, distant lymphohematogenous
metastases (DLHM). The following events were considered
to be competing: 1) GC progression with PD development;
2) GC progression with DLHM development.
The Fine and Gray model was used for multivariate
analysis [4]. The confidence intervals (CI) of the relative
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risk (RR) were calculated based on the corresponding CI
regression coefficients. Among the possible risk factors
were considered the following: sex, age, depth of invasion
by the primary gastric stomach wall tumor (pT), degree of
metastatic lesion of the regional lymph collector (pN), the
volume of lymph node dissection (D1 or D2), and the nature of the performed surgery. The regression analysis was
used to determine the effect of applied treatment and the
tumor process characteristics in various variants of GC progression. The statistical data analysis was performed using
the statistical package R v. 3.1.1 (GPL license) and the packages survival [5], and cmprsk [6].
Results and discussion. The observation median was
48 months, the median to progression with PD development – 10.1 months, DLHM – 13.4 months. The single-factor analysis has revealed the following factors which had
a statistically significant effect on the both PD and DLHM
progression: the macroscopic form of primary tumor
growth (p <0.001), depth of the gastric wall invasion pT
(p <0.001), number of metastases in the regional lymph
nodes pN (p <0.001). The volume of performed LD (D1 or
D2) and nature of the operation (standard or combined,

gastrectomy or subtotal gastrectomy) statistically significantly affected only the PD development (p = 0.034 and p
<0.001, respectively). The age of patients (in age groups of
23–55, 56–65, 66–75 and over 75 years old), as well as sex,
did not affect the GC progression. The multifactor analysis using the competing risk model (Fine and Gray model) was conducted to determine the cumulative effect of
these factors on GC progression with metachronous PD
(Table 2).
In our study, as well as in the available literature, infiltrative forms of GC (infiltrative-ulcerative and diffuse-infiltrative) were associated with a high risk of PD development in remote terms after radical surgery [7]. A massive
metastatic lesion of the regional lymph collector was another adverse prognostic factor for PD development. 1
or 2 metastases in regional lymph nodes indicated a tendency to an elevated risk of carcinoma development (р =
0.092), while 3 and more metastases in the regional lymph
collector were associated with an elevated relative risk of
carcinomatosis in remote terms after radical surgery. The
statistical difference was significant: p = 0.030 at pN2, and
p < 0.001 at pN3 (Table 2).

Table 2 – Relative risk of gastric cancer progression with peritoneal dissemination development
Factors associated with adverse
outcome
Age
Sex male vs. female
Adenocarcinoma GII vs. GI
Adenocarcinoma GIII vs. GI
Adenocarcinoma GIV vs. GI
Diffuse-infiltrative vs. saucer-like +
polypus
Ulcerous-infiltrative vs. saucer-like +
polypus
pN1 vs. рN0
pN2 vs. pN0
pN3 vs. pN0
pT2 vs. pT1
pT3 vs. pT1
pT4 vs. pT1
Lymphadenectomy D1 vs. lymph node
dissection D2
Combined operations vs. subtotal
resection of stomach (distal and
proximal)
Gastrectomy vs. subtotal gastrectomy
(distal and proximal)

Preliminary model
β
p
0
0.15
-0.11
0.48
0.06
0.88
-0.02
0.32
0.52
0.96

Results of regression analysis
Final model
β
RR (95% CI)
–
–
–
–
–
–
–
–
–
–

p
–
–
–
–
–

0.75

0.001

0.90

2.4 (1,6–3,8)

< 0.001

1.20

< 0.001

1.25

3.5 (2,4–5,1)

< 0.001

0.38
0.48
0.94
2.42
3.49
3.67

0.08
0.02
< 0.001
0.002
< 0.001
< 0.001

0.35
0.47
0.96
2.50
3.56
3.79

1.4 (0,9–2,2)
1.6 (1,0–2,4)
2.6 (1.8–3.8)
12.1 (1.6–93.4)
35.2 (4.8–258.6)
44.4 (6.1–321.5)

0.092
0.030
< 0.001
0.017
< 0.001
< 0.001

-0.1

0.70

–

–

–

0.53

0.01

–

–

–

0.30

0.067

–

–

–

The obtained findings indicate the possibility for progression with PD development not only when the tumor
invades the stomach serous membrane but also at less advanced tumor process corresponding to pT2-3, that is when
the tumor overruns the submucosa membrane. At the same
time, the concomitant metastatic lesion of the regional
lymph collector elevates the risk for metachronous PD development. This highlights the feasibility and relevance of
the development of methods for PD progression projection
and prevention not only in patients with serous membrane
invasion but also in less advanced tumor process – pT2-3.

Based on the multivariate analysis findings presented
in Table 2, we have developed a model for prediction of
risk for PD development. The following model variables
were used for the mathematical description of the model:
x1 = 1, if the macroscopic form of primary tumor
growth is diffuse-infiltrative, and x1 = 0, if the macroscopic
growth form is ulcerous-infiltrative, polypus or saucer-like;
x2 = 1, if the macroscopic form of the primary tumor
growth is ulcerous-infiltrative, and x2 = 0 in the other case;
x3 = 1, if there are one or two metastases in the regional lymph nodes (pN1), and x3 = 0 in the other case;
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x4 = 1, if there are from three to six metastases in
the regional lymph nodes (pN2), and x4 = 0 in the other case;
x5 = 1, if there are seven or more metastases in the regional lymph nodes (pN3), and x5 = 0 in the other case;
x6 = 1, if there is the tumor invasion of the muscular
coat of the stomach (pT2), and x6 = 0 in the other case;
x7 = 1, if there is the tumor invasion of stomach wall
sub-serous layer (pT3), and x7 = 0 in the other case;
x8 = 1, if there is the tumor invasion of stomach serous
membrane (pT4a) or tumor invasion of neighboring structures (pT4b), and x8 = 0 in the other case.

The verification of assumption about the risks proportionality (presence or absence of correlation of ranked
Schoenfeld’ residues has been performed, which was not
violated - p = 0.203. The model was subjected to internal
validation [8] by bootstrapping with 1000 repetitions to
assess its suitability for prognosis. The validation included
calibration of the model to prevent re-training and error
and the assessment of the model’s discriminatory capacity.
Figure 1 shows the expected probability of progression
with PD development, and calibration graphs for 12, 24, and
36 months with the calculation of the average absolute calibration error and the 90th quantile of absolute calibration error.

Figure 1 – Calibration graphs of the prognostic model for peritoneal dissemination in 12 (A), 24 (B), and 36 months (C) (gray – the
ideal model, black – the follow-up data, blue – the corrected model)

According to Figure 1, the absolute calibration error
did not exceed 5% in the 1-year, 2-years, and 3-years model prognosis, which means a high prognostic accuracy of
the proposed model. The concordance index was 0.81. The
choice of the follow-up period of 1 to 3 years for prediction of the dissemination probability was justified by the
fact that the absolute number of cases of cancer progression after surgery was observed during the first 2 years after surgery, followed by a decline of death probability due
to the tumor process progression [9].
Based on a linear combination of predictors, the formula was proposed for estimation of PD risk development after the GC radical surgical treatment.
(1)
where PI – is a prognostic index (PI).

This formula reflects the relative risk logarithm change
depending on the values of the variables x1–x8.
PIs were calculated for patients within the study cohort
based on the formula above to assign them to risk groups.
Concurrently, the 33rd and 67th quantiles of PI variable
distribution were identified, based on which the following
boundary intervals of three risk groups were determined:
1) standard with PI<3.4; 2) intermediate with 3.4≤PI≤4.75;
3) high with PI>4.75.
The probability values presented in Table 3 were used
to estimate the probability of metachronous PD.
The data presented in Table 3 can be used in practice
for rough risk estimation of peritoneal carcinomatosis development.
For a more precise estimation of the likelihood of metachronous PD development based on a linear combination
of predictors, as the relative risk logarithm, the PD nomogram was developed (Figure 2).

Table 3 – Probability of peritoneal dissemination (PD) in 12, 24, 36 months of the follow-up period after radical surgery
in risk groups
Risk groups for PD

Probability of PD, % / Follow-up period
12 months

24 months

36 months

Standard risk

0.7 ± 0.3

1.0 ± 0.5

1.2 ± 0.6

Intermediate risk

6.8 ± 1.2

10.2 ± 1.8

12.4 ± 2.1

High risk

24.1 ± 2.8

34.5 ± 3.7

40.6 ± 4.4
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Figure 2 – Nomogram for prediction of the expected probability of the metachronous peritoneal dissemination development

The nomogram makes an account of independent
prognostic factors established by the multivariate analysis
(Table 2). Each factor in the nomogram is scored according
to its regression coefficient, which is the logarithm of the
relative risk. The total score defines the probability of the
disease progression with PD development 1-3 years after
radical surgery. The total score above 160 points indicates
a high probability of PD development; the total score from
115 to 159 points indicates intermediate probability; the
total score from 0 to 114 points indicates a low probability.
The high or intermediate probability of PD development is
the indication for intensive immunochemotherapy in one
the regimens described in the literature to prevent GC progression with PD development.
Conclusion. High risk of gastric cancer progression
with peritoneal dissemination occurs with any degree of
the regional lymph collector metastatic lesion: pN1 – RR
1.4 (95% CI 0.9–2.2), p = 0.092; pN2 – RR 1.6 (95% CI 1.0–
2.4), p = 0.030; pN3 – RR 2.6 (95% CI 1.8-3.8), p <0.001; in ulcerous-infiltrative – RR 3.5 (95% CI 2.4–5.1), p <0.001 and
diffuse-infiltrative forms of GC growth – RR 2.4 (95% CI 1.6–
3.8), p <0.001; in the primary tumor spread deeper than
submucous membrane: pT2 – 12.1 (95% CI 1.6–93.4), p =
0.017; pT3 – 35.2 (95% CI 4.8–258.6), p <0.001; pT4 – 44.4
(95% CI 6.1–321.5), р<0.001.
The proposed prognostic model using the nomogram
or the formula ensures a differentiated approach to the
choice of adjuvant treatment, taking into account the actual probability of metachronous PD development. This
model allows predicting the probability of metachronous
peritoneal dissemination development in patients radically treated for gastric cancer immediately after morphological clarification of the tumor process stage. This

model can also be used to plan adjuvant treatment on a
case-by-case basis to prevent peritoneal carcinomatosis
progression.
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Scientific and practical grounds for the model of
mobile outpatient assistance to incurable cancer
patients (short literature review)
Palliative care (PС) is active, comprehensive care for patients whose disease does not respond to therapy. Primary objectives
of PC include management of pain and other symptoms, assistance to patients in solving their psychological, social, and spiritual problems. PС is aimed to ensure the highest possible quality of life for both the patient and his family.
PС involves relieving patient suffering throughout his disease (along with radical treatment) and medical care in the last
months, days, and hours of life. It would be wrong to think that a dying patient needs only care. Many professional nuances
that help alleviate suffering can only be applied by trained specialists.
Mobile palliative outpatient care is one of the modern, humanistic methods of assistance to dying cancer patients and their
relatives.
Keywords: terminal cancer patients, palliative care, mobile team, quality of life.

The state social policy of Kazakhstan provides for health
promotion, increased care, improving the quality of life of
the population, and the availability of medical services.
The RK Code on Health of the Population of the Republic of Kazakhstan (of September 18, 2009) states the right
of each RK citizen for palliative care (PC) [1].
PC is a complex of medical interventions aimed at relieving pain and alleviating other severe manifestations of
the disease, as well as providing psychological, social and
spiritual assistance to the patient and his family in order to
improve the quality of life of the incurables [2, 3].
The World Health Organization (WHO) has been the
sole initiator of the provision of palliative care to patients
with incurable malignant tumors. In the 1970s, a small expert team under the aegis of WHO started to promote PC
in more than 40 countries headed by Switzerland, United
States, United Kingdom, Canada, Netherlands, Belgium,
France, and Australia. PC has become a specialized discipline, with its rights, academic and clinical positions, specialized research and literature, and integrated development program [4, 5].
20.4 mln. people all over the world need PC. Of them,
94% are adults, 69% are above 60 years, 25% are aged 15
to 59, and 6% are children (WHO data). 34% of those who
died from cancer needed PC at the end of life. 80% of people who need PC live in low-income countries [6].
WHO reports that malignant neoplasms have become
one of the major causes of death. GLOBOCAN reports that
in 2018, 18.1 mln. people were living with cancer vs. 9.6
million of deaths from cancers [7].
Today, many countries conduct large-scale scientific
research, establish large cancer centers that offer diagnostics, prevention, treatment, and specialized services aimed
at improving the quality of life of the incurables [8, 9].
According to many scientists, in developed and de-
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veloping countries many people who suffer from incurable diseases that limit the life expectancy or are associated with acute conditions often dye in fear and loneliness,
in anguish, without any actions taken to relieve pain and
treat other pathological symptoms [10]. PC can prevent
and reduce this suffering. Healthcare workers are ethically
obliged to alleviate suffering.
Many foreign researchers have come to a single conclusion that about 90% of incurables would prefer to
spend their last days at home [11-13].
A.V. Gnezdilov, Chief Physician of the first Russian hospice, says that the incurables and their family members
can not always obtain the necessary attention and assistance of specialists [14]. Improving the quality of life of a
suffering patient in his last days is always related to the accessibility of the relevant desensitization [15, 16]. There are
several reasons for that:
- Proper characterization of the disease symptoms that
is, the use of special scales that determine the symptoms
of pain;
- Fear of side effects of drugs that remove the feeling
of pain [17];
- Lack of access for many cancer patients to a comprehensive PC due to limited access to pain killers [18, 19].
Kazakhstan has just recently started recognizing PC as
an essential part of sociomedical assistance to the population [20, 21]. Though the first hospices were opened in Kazakhstan in 1999, the legal framework for PC development
was approved only ten years later, with the introduction
into force of the RK Code “On Health of the Population of
the Republic of Kazakhstan.” Still, a lot is yet to be done today to make PC accessible for the patients who need it. The
PC department re-opened at cancer dispensaries and the
quality of training of specialized personnel do not meet
generally accepted international standards.
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The socio-economic conditions raise the importance
of providing PC in outpatient settings. Many international studies evidence that providing PC in clinical conditions
is too expensive for the state budget [9]. In Kazakhstan,
most of the patients prefer to receive PC at home, being
surrounded by their relatives and friends.
Mobile PC is one of the most humanistic modern methods of providing care to cancer patients and their relatives.
Today, PC is provided all over the world, and providing PC
at home by mobile teams takes leadership in this sphere
of services.
Unfortunately, Kazakhstan still has no official register
of people who need PC. According to an assessment by
the international adviser on palliative care, Thomas Lynch,
made in 2012, this figure for 2012 amounted to 94,000 to
98,000 people, and at least 15 500 of them needed PC. He
also concludes that usually two and more family members are involved in taking care of each patient, so about
283 000 people need PC each year. This massive volume
of PC requires rearrangement of medical workers in rural
and urban areas, as well as training and retraining of about
6 675 medical workers including doctors, nurses, psychologists, social workers and volunteers, and the provision of
825 beds for PC services.
In his study, Thomas Lynch communicates other PC-related problems shared with him by the representatives of
hospices:
- Lack of hospices and services providing PC;
- Lack of possibilities for training and retraining;
- Legal and political obstacles for the development of
the discipline;
- Poor awareness of medical workers about PC, lack of
public knowledge;
- Problems with access to or lack of opiates;
- Lack of interdepartmental cooperation/coordination
(e.g., between the ministries of healthcare and social protection), the absence of the National PC Association;
- Lack of means for agitation and promotion of the introduction of PC in the Kazakhstan healthcare system [21].
In 2018, 179 000 people in Kazakhstan were suffering from various forms of malignancies. 37 000 new cases are registered each year, and more than 17 000 people
die. The disease rates add 3-5% each year. The early detection of cancer is improving, but the share of late detection
(stage III-IV) is still equal to 44.2% [22, 23].
The Comprehensive Plan to Combat Cancer Diseases
for 2018-2022 and the actions under the Roadmap for Improving Palliative Care in the Republic of Kazakhstan assume that every city center, district center, and each city
of Republican level shall arrange mobile/multidisciplinary
teams to provide home care to incurable cancer patients,
with planned training and retraining of specialists.
The analysis and assessment of the current situation,
the lack of scientific research in this field in our country necessitate the development of scientifically based recommendations aimed at improving the quality of life of cancer patients.
The lack of real mobile teams providing home care in
the settings of the growing demand for their services requires rationalization of PC in our country with the forma-

tion of mobile outpatient teams providing medical, social,
and psychological assistance.
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The role of epigenetic research in diagnostics and
treatment of breast cancer
Relevance: Genetic mutations play an essential role in the development of malignant tumors; still, the part of epigenetic processes can also be significant. Epigenetic changes are not inherited and do not violate the DNA nucleotide sequence.
However, they can critically change their accessibility for the transcriptional apparatus of the cell by chemical modification of
specific chromosomal loci and associated genes. Acetylation and methylation of histones or DNA are examples of epigenetic
changes. Epigenetic activation/deactivation of genes is the basis for the differentiation of all types of somatic cells. A change
in the specific “epigenetic labeling” of a cell of a particular type causes cell de-differentiation or results in changing its phenotype (transdifferentiation). Given the scale of epigenetic regulation, it is logical that any violations of this process can lead to
pathologies, including cancer.
This paper reviews the modern approaches and methods of study of the molecular genetic basis for the development of
malignant tumors and epigenetic mechanisms, in particular, DNA methylation in breast cancer.
Purpose of the study is to review and analyze the existing molecular genetic methods for studying DNA methylation in
breast cancer.
Results: DNA methylation is a critical mechanism of epigenetic modification, which is involved in gene expression programming and can contribute to the development of cancer, including breast cancer. Methylation of CpG islands of DNA methyltransferase, which is usually reversible, modifies the transcriptional activity of main proliferation genes or transcription factors involved in cell growth suppression or stimulation.
Many genes can serve as biomarkers for early detection of breast cancer. For example, the researchers have detected hypermethylation of the DOK7 gene promoter portion, which is one of the diagnostic specific epigenetic markers of breast cancer.
The study results we have analyzed show that combined epigenetic therapy leads to a synergistic antitumor response in patients with breast cancer [1-9].
Conclusion: The currently available diagnostic and treatment methods aimed at aberrant methylation with DNA methyltransferase inhibitors trigger the repeated expression of “silent” genes and make it possible to increase the effectiveness of
treatment. Aberrant methylation found in gene promoters is a sign of oncological transformation that can serve as a non-invasive biomarker in body fluids (blood, plasma) for early detection of breast cancer. However, there is currently no unique
biomarker that would have sufficient specificity and sensitivity for use in therapy.
Therefore, for a particular therapeutic case, a panel of several genes is required.
Thus, the methods of epigenetics were found to have vast diagnostic and therapeutic potential.
Keywords: molecular and genetic methods, epigenetics, DNA methylation, breast cancer, biomarker.

Introduction. Breast cancer (BC) is leading in the structure of cancer diseases. WHO reports more than 1.38 million new cases of BC every year in the world, at the death
rate, is about 460 thousand. In the Republic of Kazakhstan,
BC also ranks first in incidence. 4653 cases of BC registered
in 2016 made 26.1 per 100,000 populations of both sexes.
1-year mortality was 5.4%, and 5-year survival was 57.8%
[1]. Despite developed screening programs and high
awareness of BC, there are still a high proportion of female patients who are admitted with grade III-IV of the disease. Therefore the survival rates remain extremely low. It
maintains the relevance of early diagnosis of primary cancer and its recurrence, as well as the selection of effective
therapy.
There is a growing number of papers [2–17] devoted to
the study of molecular biological factors that regulate the
mechanisms controlling cell division and death, as well as
the maintenance of genetic stability and study of epigenetic mechanisms of cancer.
Epigenetic changes are changes in gene expression
which come without any disturbances in the DNA se-

quence. They are important critical factors in cancer development and disease prognosis caused by the development
of genetic and phenotypic instability [2]. Modifications can
occur at both the genetic and epigenetic levels.
For example, a mutation in the tumor suppressor gene
(TSG) indicates the accumulated DNA damage. In the absence of DNA repair, such cell becomes more prone to cancer development. Epigenetic disorders in the expression of
main genes, including TSG, were found to play an essential
role in carcinogenesis in general, and especially in the development of BC [3-5]. The increase in epigenetic disorders
makes cancer cells more aggressive and changes their behavior from invasion in surrounding tissues to dissemination in lymphatic and blood vessels. This ultimately leads
to the death of the patient if untreated.
Such epigenetic change as aberrant DNA methylation
does not include changes in the DNA sequence; however,
this covalent chemical modification of DNA has a significant influence on the whole gene expression. This altered
gene expression leads to many accumulated changes
which promote oncogenesis [6]. The use of epigenetic
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methods, at first glance, seems to be secondary in comparison with the determination of the patient’s genetic
profile. However, standard genetic analysis reveals only
the DNA nucleotide sequence that may not be disrupted.
However, if the gene that protects the cell from cancer is
methylated incorrectly, the gene can become malfunction
and fail to perform its protective function.
In this case, epigenetic analysis is the only way to detect potential cell violations. An important difference between genetic and epigenetic changes is that drugs are efficient against epigenetic changes but absolutely helpless
against genetic mutations [2].
Understanding the role of epigenetic methods in diagnostic and treatment of malignant tumors, in particular,
BC, will provide a better view on the processes occurring
in the body during tumor development and allow finding
efficient approaches to their early diagnostics and treatment.
The purpose of the study was to review and analyze
the existing molecular genetic methods for studying DNA
methylation in BC.
Materials and methods: The published sources on the
topic “DNA methylation methods for diagnosis and therapy, in particular, early diagnostics and therapy of BC” were
analyzed, including fundamental works of scientists, articles in scientific periodicals, materials of conferences and
symposiums. The search in electronic databases was done
by the following keywords: “epigenetics,” “DNA methylation,” “epigenetics in breast cancer diagnosis.”
Results and discussion:
The use of DNA methylation as a biomarker in the
early detection of ИС.
Currently, histological verification and determination
of invasion grade and tumor phenotype make the gold
standard of BC diagnostics. These diagnostic methods require a biopsy of tumor material. Biomarkers of high sensitivity and specificity can be found in tissues and fluids
of the patient’s body. Since changes in the DNA methylation pattern are one of the earliest modifications in cancer development, these changes can serve as a biomarker
for early detection of BC [7–8] as they make testing more
objective.
Various methods to assess DNA methylation include
bisulfite conversion, which is performed using a panel of
selected genes and primers for amplifying CpG islands
specific for Real-time-PCR methylation [3]. The general genomic approach with high-throughput sequencing utilizes bisulfite-converted DNA obtained from various non-invasive biological sources such as whole blood, serum, and
plasma [3].
Several promising epigenetic markers for early BC detection are based on peripheral blood genomic analysis.
For example, Yan et al. have found that the CpG islands
of hyaluronoglucosaminidase 2 (HYAL2) were significantly hypomethylated in the peripheral blood of BC patients
compared with the control group.
The level of blood HYAL2 methylation also acts as an
early predictor of BC compared with the control group,
with 64% sensitivity and 90% specificity [8]. At that, HYLA2
locus is hypermethylated specifically in BC tissue but hy-

34

pomethylated in the blood, which indicates the same risk
of BC. Therefore, HYAL2 hypomethylation in the blood can
also be an early non-invasive peripheral biomarker.
Another similar study on the plasma of patients with
BC and healthy women has revealed hypermethylation of
kinesin 1A family (KIF1A) promoter in BC. The researchers
concluded that high KIF1A promoter methylation in plasma could also be an early biomarker of BC [3]. The analysis
of DNA methylation in twins has shown that the dock protein 7 (DOK7) promoter was hypermethylated in the blood
of patients compared to their twins. Such hypermethylation was present several years before the diagnosis.
Consequently, DOK7 promoter methylation level could
potentially be a biomarker for early detection of BC [9]. The
status of DNA methylation inside and outside the CpG islands of a certain number of genes has shown that some of
them were associated with the risk of BC. Kloten et al. have
evaluated the methylation status of the TSG group (secreted by SFRP1, SFRP2, SFRP5 associated with proteins), the
heavy chain family of the alpha trypsin inhibitor, member
5 (ITIH5), a WNT inhibitory factor 1 (WIF1), Dickkopf inhibitor WNT signaling pathway 3 (DKK3), and RASSF1A) [10]
in circulating tumor DNA. A particularly important finding
was that the DKK3 and ITIH5 CpG islands were unmethylated in women with benign breast pathologies and significantly hypermethylated in women with BC. The researchers hypothesized that promoter methylation of DKK3 and
ITIH5 in blood could be used as a biomarker, mainly in patients with dense breast tissue, while RASSF1A methylation of CpG islets was not a good biomarker taking into account its low rate in healthy women.
Brennan’s et al. [11] have studied the DNA methylation
status outside the CpG of island ATM serine/threonine kinase (ATM) clusters and the repetitive elements of a long
interspersed nuclear element 1 (LINE1) in leukocytes in
a large group of women with and without BC. They observed higher methylation of the ATMmvp2a locus in BC
patients compared with the control group and concluded
that the locus could be used as a biomarker for the risk of
BC. They also found that the association of ATM methylation with the risk of BC was more reliable in young women and that the biomarker remained stable for at least six
years [11].
Kuchiba et al. found that the global DNA methylation
of peripheral blood leukocytes was below the norm in patients with BC and could be a potential biomarker for the
risk of BC [12].
Data analysis has also revealed about 10,000 sites in
T-cells that correlated with BC progression. The scientists
compiled a list of 89 CG sites highly correlated (p <0.01, r>
0.7, r <–0.7) with BC progression. The vast majority of those
hypomethylated sites were directly related to the genes
responsible for immune system function [13].
Thus, the assessment of tumor biomarkers could be
used as an alternative minimally invasive objective method of early detection of BC.
Treatment of BC adjusted for the regulation of
methylation. Detection and treatment of BC at an early stage (stages I and II) improves 5-years survival (> 93%)
compared to the late detection of metastatic cancer (stage
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IV – 22%) [14]. Numerous TSGs (for example, genes of DNA
repair, apoptosis, hormone receptors, cell cycle and genes
of transcription factors) were found to be differentially
methylated in BC and, accordingly, could serve as good
therapeutic targets [15]. Therefore, the treatment of BC by
regulating proteins involved in methylation processes was
found to be a promising method of treatment.
Candidate treatment methods of BC include regulation of methylation activity using DNA methyltransferase
(DNMT) inhibitors. Lower DNMT activity inhibits tumor
growth due to increased expression of “silent” genes, such
as TSG, estrogen alpha receptor genes, E-cadherin, and
SFRP. Cytidine analogs, such as decitabine (5-aza-2’-deoxycytidine) and 5-azacytidine, act as DNMT inhibitors and,
thus, can reactivate the expression of main genes by depleting DNMT1 [16].
Both of these analogs have been approved by the US
Food and Drug Administration (FDA) for the treatment
of the myelodysplastic syndrome. These residues of the
DNMT inhibitor are incorporated into the DNA during the
S-phase of the replication process and establish irreversible bonds with DNA-methyltransferase enzymes to prevent their action [17]. Other studies [18] also reported an
increase in the effectiveness of treating BC with a similar
approach. Studies have been conducted in vivo to evaluate the effect of the above compounds on solid breast tumors. However, in addition to their poor stability and lack
of specificity for cancer cells, these drugs are quickly inactivated by cytidine deaminase.
Consequently, these drugs have serious limitations for
treating advanced solid tumors, including BC. In addition,
these agents can activate a panel of prometastatic genes
in addition to the activation of tumor suppressor genes,
thus increasing metastasis. The question that has to be answered is how to target tumor suppressor genes and block
the growth of cancer with DNA demethylation drugs while
avoiding activation of prometastatic genes and preventing cancer metastasis [19].
These disadvantages have led to the development of
new DNMT inhibitors, namely, zebularine, SGI-110, and
NPEOC-DAC, which are more selective for cancer cells and
demonstrate a higher resistance to deamination. Zebularine has a potent inhibitory effect on both DNMT and cytidine - deaminase.
Zebularine has a potent inhibitory effect on both DNMT
and cytidine deaminase. It was shown in vitro that Zebularine in combination with decitabine has a significant inhibitory effect on cell proliferation and colony formation
in the MDA-MB-231 breast cancer cell line by inducing the
expression of mRNA estrogen receptor alpha and progesterone [20]. It has also been shown that this drug inhibits
the growth of breast tumor cells in vivo, causing necrosis
and apoptosis of tumor cells with early onset in transgenic
mice that develop mammary tumors [21]. Although zebularine initially showed promising effects associated with its
high selectivity against cancer cells, its toxicity makes this
drug less attractive for the treatment of breast cancer patients. SGI-110 is a modified dinucleotide that exhibits increased resistance to cytidine-deaminase and an increased
half-life period compared with decitabine and 5-azacyti-

dine [22]. This short oligonucleotide may be provided to
ensure efficient delivery of the nucleotide drug and protection against deamination. NPEOC-DAC is a metabolic
precursor of the decitabine molecule and has a dose-dependent depressive effect on DNA methylation [23].
Some other natural compounds containing specific
molecules, such as anthocyanins and polyphenols, were
found to have anti-DNMT activity [24]. The DNMT1 knockdown, with the help of small interference RNA has also led
to promising results in HCT116 colon cancer cells [25].
Since the side effects of DNMT inhibition include concomitant activation of both TSG and proto-oncogenes,
some studies have evaluated the impact of a combination of cytidine analogs with chemotherapeutic agents,
immunotherapy or specific genes knockdown, such as
methyl-CpG (MBD2) protein 2 and lysine (K) -specific demethylase 1B (KDM1B/LSD2) [15]. Vijayaraghavalu et al.
noted a significant increase in the effectiveness of doxorubicin treatment in MCF-7, MDA-MB-231, and BT-459 cells
in combination with decitabine [26]. Such dual treatment
caused a cessation of the cell cycle phase for more than
90% of the cells and resulted in the restoration of sensitivity to doxorubicin by increasing the expression of the p21
proto-oncogene. In turn, it allowed overcoming the drug
resistance of the breast cells. In another study, Wrangle et
al. have evaluated the sequential combination of 5-azacytidine and immunotherapy and shown that combined epigenetic therapy using a DNA methyltransferase inhibitor
and a programmed death blockade led to a synergistic antitumor response, also in patients with non-small-cell lung
cancer [27].
On the one hand, MBD2 suppresses methylated genes,
but on the other, it is involved in the activation of gene expression due to its ability to interact with gene promoters.
A recent study has shown that the introduction of a methyltransferase inhibitor (5-azacytidine) combined with suppressing MBD2 expression using RNA interference technology activates apoptosis and decreases cell growth, as
well as inactivates the invasive and metastatic processes
in BC cells. Simultaneous inhibition of depletion of MBD2
(methylated DNA binding protein 2) and DNA methyltransferase (DNMT) in BC cells leads to a combined in vitro
and in vivo effect: it enhances the delay in tumor growth
while inhibiting the invasiveness caused by 5-azaCdR. The
combined treatment of MBD2 and 5-azaCdR depletion
suppresses and strengthens various gene networks induced only by DNMT inhibition. This indicates the potentially new approach to targeting DNA methylation mechanism by a combination of MBD2 and DNMT inhibitors [28].
MBD2 depletion counteracts the proto-oncogenes activation as a result of hypomethylation therapy. The same
strategy, including DNA methyltransferase inhibition
and LSD2 knockdown, is also efficient in inhibiting MDAMB-231 and MCF-7 BC cell growth. Such therapy enhances the expression of epigenetically silenced genes such as
the genes encoding the progesterone receptor and the alpha-receptor estrogen [29].
Mahmood et al. have shown that treatment using SAM
(universal methyl-S-Adenosyl methionine donor) significantly decreases proliferation, invasion, and migration de-
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pendent on the dose and independent of growth fixation
and increases apoptosis in vitro. The results have been reproduced in vivo: oral administration of SAM reduced tumor volume and metastasis in an MDA-MB-231 xenograft
model labeled with a green fluorescent protein (GFP).
Gene expression analysis has confirmed the ability of
SAM to reduce the expression of several main genes involved in cancer progression and metastasis, both in cell
lines and in BC xenografts. The results of this study provide
good evidence for evaluating the therapeutic potential of
methylating agents, such as SAM, for reducing the morbidity and mortality from BC [31].
Conclusion: In the past decade, several gene expression signatures were established to characterize and subtype breast tumors. However, at present, methylation is
considered the leading player which regulates gene expression. Unlike RNA transcription profiles, which illustrate the transcriptional activity at a specific moment, DNA
methylation status is a more stable and long-lasting marker of the molecular state and susceptibility of cells to cancer.
Though many models of metastatic processes have
been proposed, recent studies show the metastatic capacity of breast tumors to be an inherent feature of the host’s
genetic background. Epigenetic changes are assumed
to occur at the early stages of breast carcinogenesis before the metastatic process, and, therefore, the methylation profile, to a certain extent, reflects the genetic background of individuals.
All these observations confirm the potential significance of the evaluation of the methylation profile in biological fluids for accurate risk determination in women
prone to or affected by BC. Considering that circulating
cell-free plasma DNA contains tumor-specific mutations
and DNA methylation patterns associated with the disease, identification of new biomarkers being the precursors of potential susceptibility to cancer or aggressiveness in such DNA will be a huge achievement in predictive
medicine for women at high risk of BC.
Minimally invasive testing, such as screening for epigenetic changes in the blood, is a fairly convenient and
objective technique. However, mainly due to the limited
number of affected and matched control DNA samples in
the studied cohorts, no specific methylation biomarker
has yet been confirmed for clinical use.
Combined studies of the entire epigenome could contribute to the creation of a whole group of BC biomarkers to improve the diagnostics and early detection of BC in
women. Although some DNMT inhibitors are reported to
increase the effectiveness of standard chemotherapy only
for certain types of cancer, further studies of the effect of
demethylation agents in vivo on various solid tumors are
quite reasonable. It should not be forgotten that DNMT inhibitors increase the rate of cell division and proliferative
activity. Therefore, repeated treatment is required to increase their antitumor efficacy [28]. Beyond that, such factors as toxicity, the lack of specificity, low stability, and the
simultaneous activation of proto-oncogenes impede the
development of new inhibitors. However, the combined
use of these DNMT inhibitors with other types of agents,
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such as chemotherapeutic drugs and RNA interference,
gives promising results.
Thus, epigenetic methods in combination with wider access to minimally invasive biological material (blood,
plasma) are crucial for a deeper understanding of the biology of BC and the development of new methods for early
diagnostics and personalized therapy to improve the prospects for patients with BC.
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Hereditary breast cancer: the mutation
spectrum and prevention measures
(literature review)
Relevance. Breast cancer (BC) is a heterogeneous pathology characterized by various clinical manifestations. BC ranks
first in in the structure of cancer in Kazakhstan and around the world. Many factors influence the development of BC such as
long menstrual period, lack of parturition, lack of breastfeeding, some benign changes like atypical hyperplasia, intraductal
dysplasia, age over 50 years, and family history. Genetic predisposition is one of the main factors in the development of BC. This
category of patients often has first or second-degree relatives with breast cancer on the maternal side of the family; they experience an early manifestation of the disease with a more aggressive clinical course, early metastasis, short relapse-free period,
and a shortened overall survival against adequate combination therapy.
The relevance of precision therapy that targets the cellular and genetic tumor structures is now growing as it has high efficiency and allows increasing the survival rate of patients with BC.
Many genes are associated with a predisposition for BC; of them, the BRCA1 and BRCA2 mutations are the most common
and studied. The prevalence of this pathology has urged the study of genes associated with known hereditary syndromes, such
as P53, PTEN, CDH1, STK11, MLH1, MSH2, MSH6, and PMS2. The ATM, RAD51C, RAD51D, b BRIP1 genes are also actively studied.
Purpose of this study is the study of the role of the mutation spectrum in the prevention and diagnosis of breast cancer.
Results. The emergence of a new generation of sequencing methods, the identification of new candidate genes predisposing to the development of breast cancer allow establishing a genome-verified diagnosis. Various preventive measures taken by
women with hereditary mutations have yielded significant results concerning the risks of BC development.
Conclusion. Individuals with BRCA1 / 2 mutations should seek individual counseling and undergo screening and prevention, with a thorough study of the family history and, if possible, testing of other family members. Genetic studies conducted by
the scientists of KazIOR and the Institute of Genetics and General Cytology will allow determining the ethnic characteristics of
mutation spectra and introduce DNA diagnostics to identify groups at high risk of breast cancer in Kazakhstan.
Keywords: breast cancer, next-generation sequencing, genetic screening, prevention.

Introduction. Breast cancer (BC) is a heterogeneous pathology characterized by various clinical manifestations. BC
ranks first in cancer structure in Kazakhstan and worldwide.
Many factors that influence the development of BC include
long menstrual period, lack of parturition, lack of breastfeeding, some benign changes like atypical hyperplasia, intraductal dysplasia, age over 50 years, and family history. Often, cancer occurs at the site of injury or burns of the breast.
Genetic predisposition is one of the main factors in the development of BC. This category of patients often has first or
second-degree relatives with breast cancer on the maternal
side of the family; they experience an early manifestation of
the disease with a more aggressive clinical course, early metastasis, short relapse-free period, and a shortened overall
survival against adequate combination therapy.
Many genes related to susceptibility to BC have been
studied. Some countries have presented ethnicity-dependent recommendations on genetic screening and prevention of BC.
Materials and methods. The conducted literature review covered the data for the last ten years from PUBMED,

38

SPRINGER, MEDLINE, and ELSEVIER databases, as well as the
NCCN and ESMO national guidelines. The search was conducted by the following keywords: breast cancer, next-generation sequencing, reconstruction, genetic screening, and
mutations.
Results. According to the literature, BRCA1 and BRCA2
are the most common and best studied BC susceptibility genes. Such genes as TP53, PTEN, CDH1, STK11, MLH1,
MSH2, MSH6, and PMS2 were found to be associated with
the known hereditary syndromes. ATM, RAD51C, RAD51D, b
BRIP1 genes are also under study. The NCCN (National Comprehensive Cancer Network) and NICE (National Institute for
Health and Cancer Excellence) guidelines, as well as ESMO
recommendations, are used for risk assessment and genetic counseling. The guidelines based on the opinions of international experts reflect the need to collect a database of
newly identified mutations to optimize the screening, prevention, and monitoring recommendations for patients of
different ethnic groups at remission [1-3]. See Table for the
overview of screening and prevention tactics in these gene
mutations.
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Table 1 – Recommendations for breast cancer prevention and screening in mutations in various genes (ESMO, NCCN
guidelines) [1-3]
Type of mutation

Screening activities
1) Clinical examination of mammary glands every 6–12
months starting from the age of 20–25 years.
Annual MRI / mammography at the age of 20–75
Lee-Fraumeni Syn- 2)
years.
drome/P53
3) Colonoscopy every 5 years starting from the age of 25.
4) Annual dermatological and neurological examination
5) Annual full body MRI
1) Clinical examination of mammary glands every 6–12
months starting from the age of 20–25 years
PTEN/ Cowden Syn- 2) MRI and/or mammography every year at the age of
drome
30–75 years
3) Annual ultrasound examination of the endometrium
± biopsy at the age of 30–35 years
1) Annual MRI of the mammary glands (no data on the
ATM
onset age)
1) Colonoscopy every year starting from the age of
20–25 years
Lynch syndrome
Annual neurological examination for CNS tumors
MLH1, MSH2, MSH6, 2)
screening
EPSAM, PMS2
3) Annual ultrasound examination of endometrium ±
biopsy at the age of 30-35 years

Prevention/risk reduction activities
1) Avoid exposure to ionizing radiation
2) Consider the possibility of pre-implantation genetic diagnostics of the embryo before pregnancy.
3) Consider the option of prophylactic mastectomy.
1) Consider the option of prophylactic mastectomy
2) Consider the option of prophylactic hysterectomy
3) Consider the possibility of pre-implantation genetic diagnosis of the embryo before pregnancy

Consider the option of prophylactic hysterectomy
and salpingo-ovariectomy after the delivery

RAD51

Consider the option of salpingo-ovariectomy after
the age of 45 years

BRIP1

Consider the option of salpingo-ovariectomy after
the age of 45 years

1) Clinical examination of mammary glands every 6–12
months starting the age of 20–25 years
Consider the option of prophylactic mastectomy
PALB2
2) MRI every year at the age 20-29 years
3) MRI and/or mammography every year at the age of
30–75 years
1) Clinical examination of mammary glands every 6–12
months starting the age of 20–25 years
CHEK2
2) MRI every year at the age of 20-29 years
3) MRI and/or mammography every year at the age of
30–75 years
1) Clinical examination of mammary glands every 6–12
months starting from the age of 20–25 years
2) MRI every year at the age of 20-29 years
3) MRI and/or mammography per year at the age of
30–75 years
4) EGD and colonoscopy every 2–3 years at the age of
STK11 / Peuadolescence
Consider the option of prophylactic mastectomy
tz-Jeghers Syndrome late
5) MRI screening for pancreatic cancer starting from the
age of 30 years
6) Annual examination of pelvic organs from the age of
25 years old
7) Regular annual check (observation) by a gynecologist
8) Counseling on lung cancer (?) risk reduction
1) Clinical examination of mammary glands every 6–12
months starting from the age of 20–25 years
CDH1
2) MRI every year at the age of 20-29 years
Consider the option of prophylactic mastectomy
3) MRI and/or mammography every year at the age of
30–75 years

The development of next-generation sequencing
(NGS) has promoted the global complete genome study in
various cancer pathologies.
On request of the Ministry of Healthcare of the Republic of Kazakhstan, Kazakh Institute of Oncology and Radiology (KazIOR) together with the Institute of Genetics and
General Cytology of the Ministry of Education and Science
of the Republic of Kazakhstan are implementing an NGSbased project to study 94 genes. The project aims to create genetic diagnosticums for breast and colorectal cancer
pre-symptom detection.
Incidence of hereditary breast cancer (hBC). The hereditary cancer syndromes occur as a result of germinal (germ
line) mutations inherited from any of the parents and sig-

nificantly increase the risk of cancer development compared to the general population. In particular, the BRCA1
or BRCA2 germinal mutation significantly increases the
risk of BC and ovarian cancer (OC) (by 7 and 25 times, respectively) among the average risk population [4-6].
Over 90% of hereditary cases of BC and OC are
the outcome of BRCA1/2 mutations [7]. The estimated prevalence depends on the population and may
vary from 1 to 300 and 1 to 800 persons, respectively. The international database contains over 2,000 different BRCA1/2 mutations. However, despite this diversity, the so-called “founder effect” is observed in many
countries. The founder effect means the predominance
of specific BRCA1/2 mutations in a particular popu-
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lation. Thus, BRCA1-185delAG, BRCA1-5382insC, and
BRCA2-6174delT mutations prevail in Ashkenazi Jews —
these three mutations account for 98–99% of all BRCA1
and BRCA2 mutations in that population group [8]. In the
Republic of Kazakhstan, in 2014, the scientists of Nazarbayev University have conducted a study to identify BRCA1/
BRCA2 mutations in 112 female patients and have found
several non-significant (non-pathogenic) mutations and
polymorphisms [9]. However, in the search for mutation
spectrum in BC conducted by KazIOR, BRCA1/2 mutations with the founder effect prevail. The results of this
NGS-based study will be published later.
Genetic counseling of BRCA mutation carriers. Fundamental recommendations for BRCA1/2-positive women
form the basis of breast screening and risk reduction measures, including surgical and drug treatment, healthy lifestyle, and fertility issues in nulliparous women. Genetic
counseling shall take into account the life quality aspects
and the influence of psychosocial factors after preventive surgery. The recommendations on early detection, including annual visual diagnostic methods (ultrasound examination, mammography, magnetic resonance imaging
(MRI) of mammary glands), shall be applied after the age
of 25 years.
Recommendations on BC risk reduction.
1) Lifestyle change:
There is published evidence that breastfeeding reduces the risk of BC among BRCA1/2-positive women [10].
Regular exercise, healthy body mass maintenance, limitation of alcohol, and smoking consumption are as crucial as
the rejection of hormone replacement therapy in the absence of indications.
2) Screening:
Women aged 25 and above, or aged 15 and above in
the case of a family history of BC, should undergo clinical
checkup and examination of mammary glands every 6-12
months. Women shall be aware of and trained in breast
self-examination. A woman shall immediately visit a doctor in case of any changes in mammary glands or underarms area.
MRI of mammary glands is a widely used and the most
sensitive screening tool in the high-risk population [11-14].
Annual MRI screening should start at the age of 25 years,
with additional annual mammography after the age of 30
years. Retrospective data suggest a correlation between
the elevated risk of BC and the exposure to diagnostic radiation before 30 years [15]. If MRI is unavailable, women
before 30 years can do ultrasound examination of mammary glands instead. Ultrasound examination may be considered as an addition to mammography at any age and as
an alternative option if MRI is unavailable.
Drug prevention of hBC. The data on the use of selective estrogen receptor modulators (tamoxifen, raloxifene)
and aromatase inhibitors as the primary prevention in
BRCA1/2-positive patients is limited. Several observational
studies have shown that tamoxifen reduces the risk of contralateral BC development in BRCA1/2-associated patients
with BC [16, 17]. Other studies have demonstrated the capacity of tamoxifen to reduce the risk of contralateral BC in
patients with estrogen receptor negative tumors.
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Surgical prevention of hBC. Bilateral simple mastectomy
is the most effective method of reducing the risk of BC in
BRCA1/2 mutation carriers. Complete removal of glandular tissue reduced the risk by 90% [18–25]. A large number
of retrospective and prospective studies with an observation period of more than ten years have demonstrated the
risk reduction advantages [26]. However, there is no related data on randomized studies and survival rates.
These types of surgical treatment include full mastectomy, skin-saving mastectomy, and skin-nipple-saving
mastectomy. Mastectomy is often performed with simultaneous reconstruction with endoprostheses or autogenous tissues to improve the cosmetic outcome. In the case
of proper performance, these methods have similar safety
indices [27, 28]. Therefore, mastectomy with a reconstructive component is an alternative to total mastectomy. The
advantages, limitations, risks related to the surgical intervention, as well as the complications, and psychosocial effects should be discussed with each patient and her close
relatives. Complete mastectomy leads to a significant aesthetic defect and is conducted when the patient refuses to
implant endoprostheses. BC in the dissected gland is detected in less than 5% of cases. Therefore, a routine biopsy of the sentinel lymph node or lymph node dissection
is not prescribed. The mammology center of KazIOR conducts about 50 subcutaneous mastectomies a year with
simultaneous reconstruction with endoprostheses in patients with BC. BRCA 1/2 gene mutation carriers are usually recommended a bilateral mastectomy with reconstructive plastics. This type of surgical intervention is also used
at detection in situ of cancer, grouped micro calcifications
in more than two quadrants, or mammary gland polycystosis with complex cysts.
Conclusion. Next-generation sequencing and the identification of new candidate genes of susceptibility for BC allow conducting genome-verified diagnostics. Various preventive measures in women with hereditary mutations
yield significant results concerning BC development risks.
Individuals with BRCA1/2 mutations should seek individual counseling and undergo screening and prevention, with
a thorough study of the family history and, if possible, testing of other family members. The genetic studies conducted by the scientists of KazIOR and the Institute of Genetics
and General Cytology will allow determining the ethnicity-related specifics of mutation spectra and introduce DNA
diagnostics to identify BC high-risk groups in Kazakhstan.
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