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Abstract

Background: Epidemiology of male reproductive cancers (MRC) is relatively well studied in developed world
nations, but little is known about Central Asian states. We aimed to analyze the changing trends for incidence,
mortality and 5-year survival MRC across provinces of the Republic of Kazakhstan.

Methods: This was a retrospective cohort study based on data obtained from the Kazakhstan Cancer Registry,
which serves as a nationwide database for all histologically confirmed cancer cases. From this, information on
all male patients with prostate (PCa) and testicular cancers (TCa) was retrieved for the period from 2010 to
2019. The statistical analysis of official data on incidence, survival, and mortality rates was performed for both
the whole country and its provinces.

Results: There was a substantial instability of PCa incidence rates, attributed to the execution of screening pro-
gram from 2013 to 2017. Still, there was a lack of variations in TCa incidence rates. However, PCa screening
program had no influence on reduction of mortality rates, which remained relatively stable. There is much het-
erogeneity between country’s provinces in incidence and mortality rates. TCa patients were younger than PCa
patients and had better 5-year survival.

Conclusion: As compared with many other countries, Kazakhstani men with PCa and TCa have poorer five-
year sutvival, which requires further investigation. Moreover, a careful analysis of diagnostic and treatment
strategies utilized at different hospitals across the country would be highly desirable.
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Introduction

Male reproductive cancers (MRC) constitute a cancer (PCa) is such high that it is the second
public health problem for both the developed leading site among non-skin cancers in men
and developing world. The burden of prostate wotldwide, while testicular cancer (T'Ca) is the
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most common cancer in young men (1). In fact,
MRC represent a group of heterogeneous disor-
ders with varying etiology, histopathology and
clinical presentation. Moreover, each cancer has a
subset of distinct subtypes that differ by age at
diagnosis, race, treatment responsiveness, and
prognosis. Senile age, African ancestry, and a
positive family history were reported to be the
major risk factors for PCa, while none of envi-
ronmental or behavioral risk factors was definite-
ly attributed to it (2). As for TCa, developmental
anomalies of gonads and impaired sex differentia-
tion were described as the conclusive causes,
whilst environmental and behavioral factors may
also play a role, although it was not definitely as-
certained yet (3).

Different MRC show non-identical epidemiologi-
cal trends, explained by a number of reasons.
Globally, PCa has downward trends for both in-
cidence and mortality due to widespread intro-
duction of prostate-specific antigen (PSA) screen-
ing, started in the early 1980s and increased pub-
lic awareness of the disease. According to the
estimates of Global Cancer Observatory, in 2020
the global cumulative incidence of PCa equaled
3.86% for men aged 0-74 yr and it was the high-
est in countries of Northern Europe (10.40%).
Meanwhile, the cumulative mortality rate in men
aged 0-74 yr constituted 0.63% being the highest
in countries of Middle Africa (2.55%) (4). As for
the TCa, the incidence rates are growing and
mortality trends vary significantly between differ-
ent countries despite relative ease in diagnosis
and treatment (5). Such, in 2020 the global cumu-
lative incidence for men from 0 to 74 yr was
0.14% with the highest rates observed in Western
Europe (0.74%). In the same year the global cu-
mulative mortality from TCa constituted 0.02%
being the highest in Central America (0.07%) (4).
Besides, both TCa and PCa present a substantial
burden for population of countries with high
human development index. For instance, Nation-
al Cancer Institute projected that the average
years of life lost (YLL) in 2018 due to TCa were
the highest of all adult cancers and constituted
34.7 years. Still, in the same year the average YLL
due to PCa were the lowest of all adult cancers
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and equaled 9.9 years (6). As for the years of
healthy life lost due to disability (YLD), the glob-
al burden of disease estimates for 2015 were
33.1% for PCa and 35.5% for TCa (7).

Although epidemiology of MRC is relatively well
studied in developed countries, there is dearth of
information about the developing world, to
which belong Central Asian states. However, epi-
demiological evidence witnesses to a large varia-
bility in incidence and mortality rates between
different countries and even provinces within a
country (8). Most likely, this could be explained
by different underlying societal and economic
factors as well as by implementation of primary
and secondary prevention programs. Kazakhstan
is a Central Asian state with rapid economic
growth, which is transformed into social devel-
opment (9). Such, since 2011 the country’s gov-
ernment started implementing a range of public
health programs targeted on improvement of
specialized medical care, including oncology prac-
tice (10). The impact of these programs on mor-
tality prevention and early detection of MRC has
not yet been fully evaluated. We aimed at analyz-
ing the changing trends for incidence, mortality
and 5-year survival from MRC across provinces
of the Republic of Kazakhstan over a period of
10 years (from 2010 to 2019).

Materials and Methods

Study design and procedures

For this retrospective cohort study, we retrieved
data from the Kazakhstan Cancer Registry
(KCR), managed by the Kazakh Research Insti-
tute of Oncology, Radiology, and serves as a uni-
fied database for all histologically confirmed can-
cer cases in the country. We obtained infor-
mation on all male patients with PCa (ICD-10-
CM Code C61) and TCa (ICD-10-CM Code C62)
registered in the country within the period from
2010 to 2019. Overall, there were 5486 cases of
PCa and 1293 cases of TCa, which composed the
sample for this study. In Kazakhstan, the Minis-
try of Health obligates all medical doctors operat-
ing in the country’s primary health care facilities
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to report on newly diagnosed cancer patients to
the provincial oncological dispensaries. A stand-
ardized special form is established for this and
provincial oncological dispensaries transfer these
data to the electronic database, i.e. KCR. We re-
lied solely on the anonymized data and extracted
the information related to patients’ date of birth,
date of diagnosis, date of death, and cancer stage.
The data were analyzed for the country in general
as well as for separate provinces. Data on the
overall number of male population and the num-
ber by age were demographic estimates and were
extracted from the statistical compilation issued
by the Agency of Statistics of the Republic of
Kazakhstan (11).

An approval from the Ethical Committee of
Semey Medical University, Semey, Kazakhstan
(protocol 2 from 18 Oct 2019) was obtained. Be-
cause no identifying patient information was
available to the research team, the informed con-
sent was waived. All study methods relied on the
relevant ethics guidelines and regulations.

Statistical analysis

Incidence and mortality rates were calculated per
100,000 (0/0000) male population. ICD-10 clas-
sification was applied to categorize cancers by
stage with subsequent coding as I-1I, III and IV.
We ranged all country provinces by incidence and
mortality rates from minimum to maximum. The
overall 5-year survival was calculated as the rela-
tion of the number of patients that were alive and
followed-up at the end of a calendar year to the

total number of patients at the end of a calendar
year.

On the next step of our analyses we assessed the
upward trend (growing incidence and mortality
rates) and the downward trend (declining inci-
dence and mortality rates) for the period from
2010 to 2019 with the help of simple linear re-
gression. The Standard Model equation used was
as follows:

Y:ﬂo‘f‘ﬂka‘i‘g

where Y was a value of dependent variable, X
was a value of predictor variable, By was a con-
stant, 31 was a regression coefficient, and € was a
random error.

The outcomes of statistical tests were presented
as arithmetic means for the study period and
non-standardized linear regression coefficients
(B) with 95% confidence intervals (CI). For each
regression coefficient, the levels of statistical sig-
nificance were assessed. All statistical analyses
were carried out via SPSS software, ver. 20.0
(IBM Corp., Armonk, NY, USA).

Results

Figure 1 depictures the sex-specific incidence
rates for selected MRC. During 2010-2019, PCa
was the most common MRC with incidence rate
ranging from 8.61 per 100,000 male population in
2010 to 17.95 in 2016. Much heterogeneity in
incidence rates could be attributed to implemen-
tation of PCa screening program started in 2013
and was ended in 2017 (12).
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Fig. 1: Incidence rates for prostate and testicular cancers over the period 2010 to 2019 (per 100,000 male popula-

tion)
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Already in the next year following the program’s
termination, the incidence rate of PCa dropped
to 13.67 per 100,000 male population and con-
tinued to decline. Meanwhile, the incidence of
TCa was characterized by greater stability, rang-
ing between 1.30 and 1.75 per 100,000 male pop-
ulation. The mortality rates from MRC were
characterized by greater stability. Such, the mor-
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tality from PCa ranged between 4.27 per 100,000
male population in 2018 and 5.17 in 2013. As for
TCa, the mortality rates from this disease were
substantially lower than those from PCa. The
minimum value was observed in 2010 and consti-
tuted 0.01 per 100,000 male population, while the
maximum value was seen in 2013 and amounted

to 0.57 per 100,000 male population (Fig. 2).
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Fig. 2: Mortality rates for prostate and testicular cancers over the period 2010 to 2019 (per 100,000 male population)

Within the period of 10 years (2010-2019), the
national incidence rates for PCa constituted 13.83
per 100,000 male population, while those for TCa
amounted to 1.53 per 100,000 male population.
The highest incidence rates of PCa were ob-
served in northern and northeastern provinces of
Kazakhstan: East Kazakhstan region (30.47 per
100,000 male population) followed by Kostanay
region (28.93 per 100,000 male population) and
North Kazakhstan region (28.91 per 100,000
male population). The same was true for inci-
dence rates of TCa, which reached the highest
levels in North-Kazakhstan region (2.17 per
100,000 male population), followed by East Ka-
zakhstan region (2.14 per 100,000 male popula-
tion) and Pavlodar region (1.89 per 100,000 male
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population). Meanwhile, southern and western
provinces of Kazakhstan (South Kazakhstan,
Atyrau and Mangystau regions) were character-
ized by the lowest incidence rates of both PCa
and TCa (Table 1). Table 3 presents the propor-
tion of early stage cancers at the time of diagnosis
across regions of Kazakhstan. The lowest pro-
portions of I-II stage PCa were noted for South-
Kazakhstan and Mangystau provinces (0.98 and
1.70, respectively), although this was not statisti-
cally significant. The highest proportions of I-1I
stage PCa were reported for East Kazakhstan
(21.47) and North Kazakhstan provinces (17.59).
With respect to the national rates, these were
equal to 7.26 for PCa and to 1.23 for TCa.
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Table 1: Incidence rates with 95% CI for male reproductive cancer across regions of Kazakhstan, 2010-2019 (per

100,000 male population)
Region Prostate cancer Testicular cancer
Incidence  Regression coefficient with ~ Incidence Regression coefficient with
95% CI 95% CI
South Kazakhstan 3.28 0.91 (0.14; 0.31) 1.27 -0.15 (-8.63; 5.98)
P=<0.001 P=0.687
Atyrau 3.66 0.70 (0.23; 2.32) 1.29 0.18 (-3.71; 5.94)
P=10.023 P=0.609
Mangystau 4.05 0.41 (-0.75; 2.55) 1.05 0.49 (-1.66; 8.91)
P=0.243 P=0.153
Kyzylorda 5.11 0.47 (-0.16; 0.75) 1.52 0.09 (-3.22; 4.07)
P=10.170 P=10.795
Zhambyl 6.00 0.56 (-0.27; 2.99) 1.41 -0.49 (-5.64; 1.05)
P=0.090 P=0.152
Almaty 6.82 0.79 (0.78; 3.49) 1.31 -0.19 (-5.70; 3.48)
P=0.007 P=0.593
Aktobe 6.94 0.86 (0.58; 1.66) 1.41 0.10 (-2.74; 3.53)
P=0.001 P=0.779
Nur-Sultan city 11.66 -0.03 (-1.13; 1.05) 1.50 0.54 (-0.72; 6.12)
P=10.933 P=10.107
Akmola 14.16 0.88 (0.43; 1.12) 1.57 0.63 (-0.01; 6.80)
P=0.001 P=10.050
West Kazakhstan 16.35 -0.00 (-0.49; 0.49) 1.87 -0.08 (-3.81; 3.14)
P=10.999 P=0.831
Karaganda 21.28 0.53 (-0.06; 0.47) 1.59 0.36 (-3.75; 10.40)
P=0.114 P=10.310
Pavlodar 24.23 0.55 (-0.04; 0.37) 1.89 0.33 (-2.10; 5.22)
P=10.096 P=0.355
Almaty city 25.26 0.17 (-0.33; 0.51) 1.91 -0.32 (-6.21; 2.55)
P=10.631 P=0.364
North Kazakhstan 26.18 0.91 (0.14; 0.31) 217 0.33 (-2.21; 5.53)
P=<0.001 P=0.351
Kostanay 28.91 0.45 (-0.09; 0.38) 1.56 0.08 (-3.99; 4.81)
P=0.195 P=0.835
East Kazakhstan 30.47 0.77 (-0.10; 0.52) 2.14 0.23 (-1.42; 2.506)
P=0.009 P=10.529
Kazakhstan Republic 13.83 0.69 (0.10; 1.26) 1.53 0.28 (-11.29; 23.76)
P=0.027 P=0.435

The national mortality rates from PCa were 4.73 per 100,000 male population and those for TCa were 0.36 per
100,000 male population. The highest PCa mortality rate was established in East Kazakhstan region (8.65 per
100,000 male population) and the highest TCa mortality rate was reported in Zhambyl region (0.76 per 100,000 male
population). The lowest PCa mortality rate was seen in Kyzylorda region (1.42 per 100,000 male population), while
the lowest TCa mortality rate was observed in Mangystau region (0.19 per 100,000 male population) (Table 2)
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Table 2: Mortality rates with 95% CI for male reproductive cancer across regions of Kazakhstan, 2010-2019 (per

100,000 male population)
Region/city Prostate cancer Testicular cancer
Mortality ~ Regression coefficient with ~ Mortality Regression coefficient with
95% CI 95% CI
Kyzylorda 1.42 0.01 (-4.76; 4.93) 0.64 -0.16 (-9.88; 6.66)
P=10.968 P=10.665
Atyrau 1.54 0.13 (-1.69; 2.306) 0.56 -0.06 (-5.42; 4.72)
P=10.713 P=10.876
South Kazakhstan 1.73 0.013 (-6.83; 9.38) 0.23 -0.09 (-25.02; 20.05)
P=10.725 P=0.806
Mangystau 1.98 -0.01 (-4.47; 4.55) 0.19 0.27 (-4.53; 9.21)
P=10.985 P=0.454
Aktobe 2.84 -0.27 (-3.00; 1.47) 0.26 -0.38 (-9.17; 3.02)
P=10.452 P=10.279
Zhambyl 291 0.10 (-2.23; 2.90) 0.76 -0.30 (-5.87; 2.63)
P=0.772 P=0.405
Almaty 3.04 -0.55 (-7.53; 0.81) 0.45 -0.40 (-15.15; 4.57)
P=10.100 P=10.251
West Kazakhstan 4.19 -0.10 (-2.10; 1.62) 0.33 -0.37 (-15.47; 5.28)
P=0.774 P=10.290
Nur-Sultan 5.51 0.18 (-1.97; 3.10) 0.29 -0.25 (-16.82; 8.77)
P=10.623 P=10.489
Kostanay 6.19 -0.73 (-3.84; -0.51) 0.47 -0.49 (-8.44; 1.55)
P=10.017 P=10.150
Akmola 0.37 0.11 (-1.22; 1.61) 0.50 0.02 (-5.31; 5.50)
P=0.764 P=10.960
Karaganda 6.54 -0.77 (-3.14; -0.60) 0.43 0.06 (-8.14; 9.48)
P=0.009 P=10.865
North Kazakhstan 6.89 0.16 (-1.15; 1.72) 0.40 0.04 (-7.29; 7.98)
P=0.657 P=0.919
Pavlodar 8.31 0.51 (-0.39; 2.60) 0.76 -0.63 (-7.10; -0.03)
P=0.128 P=10.048
Almaty city 9.08 -0.25 (-1.62; 0.84) 0.44 0.09 (-6.94; 8.64)
P=10.488 P=0.807
East Kazakhstan 8.65 -0.05 (-1.27; 1.14) 0.44 0.33 (-4.49; 11.13)
P=0.900 P=10.356
Kazakhstan Republic 4.73 -0.44 (-10.54; 2.61) 0.36 0.22 (-12.13; 21.48)
P=0.202 P=0.539
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Table 3: Proportion of stage I-II cancers at the time of diagnosis with 95% CI across regions of Kazakhstan, 2010-
2019 (per 100,000 male population)

Region/city Prostate cancer Testicular cancer
Proportion  Regression coefficient with ~ Proportion ~ Regression coefficient with
95% CI 95% CI
South Kazakhstan 0.98 0.28 (-2.59; 5.53) 1.52 -0.44 (-2.79; 0.69)
P=0.427 P=0.201
Mangystau 1.70 -0.03 (-3.91; 3.65) 0.82 0.32(-2.64; 6.42)
P=10.939 P=10.364
Atyrau 2.13 0.64 (0.03; 2.51) 0.90 0.32 (-3.49; 8.50)
P=10.046 P=10.360
Zhambyl 3.10 0.72 (0.65; 5.09) 1.31 -0.36 (-6.42; 2.26)
P=10.018 P=0.302
Almaty 3.21 0.90 (1.62; 3.68) 0.95 -0.18 (-8.23; 5.20)
P=<0.001 P=0.617
Kyzylorda 3.65 0.41(-0.22; 0.75) 1.33 -0.07 (-4.85; 4.10)
P=0.242 P=0.852
Aktobe 4.04 0.72 (0.29; 2.29) 1.16 -0.02(-3.35; 3.21)
P=10.018 P=0.961
Akmola 6.35 0.54 (-0.29; 2.49) 1.18 0.78 (1.65; 7.70)
P=10.106 P=10.007
Karaganda 0.84 0.74 (0.11; 0.74) 1.28 0.19 (-6.07; 9.92)
P=10.015 P=0.594
Nur-Sultan 8.20 -0.72 (0.205 1.19) 1.23 0.63(-0.01; 6.706)
P=0.019 P=0.051
West Kazakhstan 9.84 -0.15 (-0.78; 0.53) 1.74 0.05(-3.59; 4.00)
P=10.670 P=0.890
Almaty city 10.31 0.48 (-0.19; 0.98) 1.29 -0.52 (-9.04; 1.27)
P=10.158 P=10.121
Kostanay 15.41 0.64 (0.00; 0.37) 1.15 0.09 (-5.16; 6.43)
P=0.047 P=0.807
Pavlodar 16.45 0.57 (-0.03; 0.41) 1.49 0.32(-2.94; 7.18)
P=10.085 P=0.362
North Kazakhstan 17.59 0.91 (0.14; 0.31) 1.77 0.31(-1.59; 3.74)
P=<0.001 P=0.379
East Kazakhstan 21.47 0.63 (-0.01; 0.56) 1.75 0.31 (-1.48; 3.49)
P=0.053 P=10.378
Kazakhstan Republic 7.26 0.76 (0.27; 1.53) 1.23 0.27(-11.39; 23.48)
P=0.011 P=0.447

Figure 3 depictures the overall 5-year survival of
PCa and TCa patients. In general, the survival
remained stable over 2010-2019 with mild in-
crease for TCa, observed within the last two years
(2018-2019). The survival for TCa patients was
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two-fold higher than that for PCa patients, possi-
bly reflecting their younger age. TCa survival
ranged from 55.6% in 2010 to 62.2% in 2019,
while PCa survival ranged between 20.7% in
2016 and 32.5% in 2011.
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Fig. 3: The overall five-year survival of patients with prostate and testicular cancers in the Kazakhstan Republic in
2010-2019 (%)

Discussion

This study was focused on deciphering the
changing trends for incidence, mortality and sur-
vival from MRC across provinces of the Republic
of Kazakhstan over a period of 10 years. The
main findings of this study include substantial
instability of PCa incidence rates following appli-
cation of screening program with lack of varia-
tions in TCa incidence rates reflecting absence of
targeted control programs. However, execution
of PCa screening program had no influence on
reduction of mortality rates, which remained rela-
tively stable over the study period. Moreover,
there is much heterogeneity between the coun-
try’s provinces in relation to incidence and mor-
tality from both cancer types with higher rates
observed in northern and northeastern provinces.
Finally, TCa patients were younger than PCa pa-
tients were and had better 5-year survival.

The higher incidence rates seen in northern and
northeastern provinces of Kazakhstan could be
explained in two ways. On one hand, these prov-
inces might have better services for early cancer
identification resulting in bigger number of pa-
tients diagnosed. However, the same provinces
face higher mortality rates, which make the hy-
pothesis on the role of health care services rather
unlikely. There is an alternative explanation of
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this phenomenon, i.e. contribution of environ-
mental factors as northern and northeastern
provinces of Kazakhstan are characterized by the
cold climates, developed heavy industry and
proximity of the Semipalatinsk Nuclear Test Site
(SNTS) — the largest Soviet testing ground for
nuclear weapons (13). Besides, Northern prov-
inces of Kazakhstan are more prone to Vitamin
D deficiency (14), which contributes to epidemi-
ology of both PCa (15) and TCa (10).

PCa screening program based on detection of
serum PSA was implemented in Kazakhstan dur-
ing 2013-2017. The rationale behind its closure
was low efficiency despite substantial govern-
ment funds allocated for the program’s imple-
mentation. Such, epidemiological and economic
evaluation of PCa screening program in Pavlodar
Province showed that the average detection rate
among the target population group equaled
0.23% within the period of 5 years (10). Globally,
PCa screening by means of PSA detection is a
matter of debate as it has complex relationship
with cancer mortality (17). Obviously, for PSA
screening program to be re-initiated in Kazakh-
stan, it has to be undergone to careful revision
and re-planning.

In our study, the five-year survival was higher for
patients with TCa as compared to the patients
with PCa. This is likely due to younger age of pa-
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tients with TCa. The survival rates detected in
this study were lower than those reported for the
countries with established market economies.
Such, according to the large registry-based study,
the five-year survival for TCa in the USA and 12
European countries constituted at least 98% for
the patients aged younger than 50 years (18),
while in Lithuania, which like Kazakhstan be-
longs to the former Socialist block, the five-year
survival was 71.2% (19). As for PCCa, the five-
year survival in the USA exceeded 95% (20), in
Germany it amounted to 91.2% (21), and in Lat-
via — another former Socialist economy — the
five-year survival was 70.7% (22). Evidently, low
overall survival rates seen in Kazakhstan signify
that a lot still needs to be done to make the exist-
ing cancer services more modern.

This study has certain benefits and drawbacks,
which mostly originate from its retrospective de-
sign. Since we had to rely exclusively on the data
obtained from the KCR, our performance was
restrained by the information contained there.
Such, the original intention to include penicular
cancer in analysis failed, as there was no infor-
mation on this rare cancer type. Moreover, we
could not elucidate the data related to histological
subtypes of different tumors and to age-specific
mortality since these data are missing. Still, we
could obtain the data on all PCa and TCa patients
registered in the country within the period of 10
years and the substantial size of the patient sam-
ple could potentially overcome the drawbacks
listed above.

Conclusion

Over the study period, the incidence of PCa ex-
perienced a stable growth following implementa-
tion of the targeted screening program with rapid
and substantial decline when the screening pro-
gram was terminated. However, the growing in-
cidence of PCa was not translated into declining
mortality, which justifies the decision made by
the country’s government to stop financing the
screening program. Meanwhile, both incidence
and mortality rates of patients with TCa were

1815

characterized by greater stability attributed to the
lack of any targeted interventions. However, the
5-year survival rates of patients with PCa and
TCa were gradually improving although not
reaching the levels reported for the established
market economies. Thus, more studies need to be
done to explain the poorer five-year survival of
men with PCa and TCa in Kazakhstan. Besides, a
careful analysis of diagnostic and treatment strat-
egies utilized at different hospitals across the
country would be highly desirable as there is a
considerable variation in regional mortality rates
and proportions of stage I-II cancers at the time
of diagnosis.
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