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SUMMARY 
 

Prostate cancer is a common medical condition throughout the world. In 

many countries of the world, prostate cancer is the leading type of cancer by 

incidence and the second after lung cancer by mortality. Prostate cancer is 

morphologically, genetically, and clinically heterogeneous disease, and its 

clinical progress, response to therapy, and prognosis are directly dependent on 

its heterogeneous nature. 

Despite the multitude of studies devoted to prostate cancer worldwide, 

as well as some studies that were performed in Latvia, the information about its 

epidemiological trends in Latvia is incomplete and outdated. 

Even though studies were conducted about the genetic features of 

inherited prostate cancer in Latvia, insufficient comparative data are available 

about the familial and sporadic prostate cancer according to the criteria of 

survival rates, age, T stage, and tumour cell grade. 

The gene CHEK2 participates in cell repair and acts as a tumour 

suppressor. The del5395 mutation of CHEK2 has been linked to elevated risk of 

prostate cancer in several Central and Eastern European studies. There is a lack 

of data about the effect of del5395 mutation in CHEK2 on the development of 

prostate cancer in Latvian population. 

The goal of this study was to perform a population-based study of trends 

in prostate cancer epidemiology in Latvia between the years 1990 and 2014, to 

compare familial prostate cancer with sporadic prostate cancer in Latvia, and to 

investigate the effects of del5395 mutation in CHEK2 gene on the development 

of prostate cancer cases in Latvia. 

The study results indicate that the incidence, prevalence, and mortality 

due to prostate cancer in Latvia have increased from year 1990 to 2014. The 

largest increase in the incidence of prostate cancer was observed in the 

population under 60 years of age. Also, the largest increase in the prevalence of 
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prostate cancer was observed in the population under 60 years of age. The 

mortality due to prostate cancer decreased in the populations that were 70–79 

and 80 + years of age. The 5, 10, and 15 year survival rates improved in the 

considered time period, while the share of unspecified (TX) stage decreased, 

and the share of early stages (T1 and T2) increased. The mortality of patients in 

Latvia during the first year after diagnosis of prostate cancer has decreased in 

the considered time period. 

The familial type of prostate cancer had statistically significantly higher 

survival rate and earlier start of disease than the sporadic type of prostate 

cancer, but no differences were found in the T stages and the tumour cell grade. 

The del5395 mutation of CHEK2 gene is the common founder mutation 

in Latvia, but no statistically significant effect of this mutationon on the risk of 

prostate cancer development was identified in the Latvian population. 
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1. INTRODUCTION 
 
1.1. Relevance of the problem 

 

Prostate cancer (PC) is generally recognized as an important medical 

problem worldwide. The global epidemiological trends of PC have been widely 

studied. PC is the fourth most common cancer by worldwide incidence, with 

1.1 million new cases annually (7.9% of all cancers), and it is the eight most 

common cancer-related cause of death, with 30 7000 deaths (3.7% of the total 

mortality due to cancer) (Ferlay et al., 2015; Ferlay et al., 2013). Among males, 

PC was the second most frequently diagnosed cancer in year 2012 (15% of all 

newly diagnosed cancers) after lung cancer, and the fifth most common cancer-

related cause of death for males (6.6% of all cancer deaths) after lung, liver, 

stomach, and colorectal cancers (Ferlay et al., 2015; Ferlay et al., 2013). The 

incidence of PC shows a trend of long-term growth in most countries of the 

world, even though in some regions – Finland, New Zealand, North America, 

and Australia the incidence of PC has stabilized or even decreased over the last 

two decades (Center et al., 2012). The mortality due to PC tended to decrease 

over the last two decades in many regions – North America, Australia, New 

Zealand and Oceania, most of Northern Europe and Western Europe       

(Center et al., 2012), which was attributed to early detection and improved 

treatment (Collin et al., 2008; Etzioni et al., 2008). 

A multitude of studies worldwide have been devoted to the genetic 

features of PC. These data indicate that about 10% of PC cases can be 

considered to be hereditary, and hereditary PC typically develops 6–7 years 

earlier than sporadic PC (Hemminki, 2012). The criteria for identification of 

hereditary PC are the following: at least three cases of PC among first-degree 

relatives or PC in three sequential patrilinear or matrilinear generations, or 

cases of PC afflicting at least 2 biological relatives who are younger than 55 
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years of age (Carter et al., 1993). The criteria for suspected hereditary or 

familial type PC are the following: two cases of PC among first degree relatives 

or one case of PC among relatives who are younger than 55 years of age. 

Approximately 100 genes are known that can affect the development of 

PC (Eeles et al., 2013). The gene CHEK2 is localized in the long shoulder of 

22nd chromosome and is involved in cell repair, acting as a tumour suppressor. 

It is activated by exposure to toxic factors when the cellular DNA is damaged, 

resulting in the arrest of cell division until the time when DNA repair is 

attempted by DNA repair enzymes. In the case if DNA repair is not successful, 

apoptosis occurs (Bartek and Lukas, 2003). The effect of del5395 mutation in 

CHEK2 gene on the risk of PC development has been investigated in Poland, 

Czech Republic, Slovakia, Belarus (Cybulski et al., 2006; Cybulski et al., 2013; 

Walsh et al., 2006), and it has been proposed that del5395 mutation may affect 

the risk of PC development in Ukraine, Russia, Balkan region, and the Baltic 

states (Cybulski et al., 2006).  

Despite the large volume of research results available about PC 

worldwide, the data about epidemiological trends of PC in Latvia are limited to 

the time period from 1980 until 2004 (Lietuvietis, 2006;                      

Lietuvietis et al., 2002), and there is a lack of more recent epidemiological 

information about PC in Latvia. 

Even though studies have been conducted about the genetic features of 

hereditary PC in Latvia (Abele et al., 2011), no comparative data are available 

with regard to the local rates of survival, patient age, disease stages, and the 

tumour cell grade in familial and sporadic PC in Latvia. 

The role of del5395 mutation in CHEK2 gene for the development of PC 

has been studied in several Central and Eastern European countries in 

populations of Slavic ethnicity, but there is a lack of data about the effect of 

this mutation on development of PC in the population of Latvia. 
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1.2. Goals of the work 
 

To perform analysis of basic prostate cancer epidemiology parameters, 

familial prostate cancer and del5395 mutation of CHEK2 gene in Latvia for the 

time period from year 1990 until 2014. 

 

1.3. Tasks to be accomplished 
 
1. To determine the total and age-resolved dynamics of PC incidence, 

prevalence, and mortality in Latvia from year 1990 until 2014. 

2. To determine the overall and cancer-specific survival of patients with 

PC in Latvia from year 1990 until 2014. 

3. To determine the relative dynamics of T stages in Latvia from year 1990 

until 2014. 

4. To compare familial PC and sporadic PC according to the criteria of 

patient age, survival rate, and tumour cell grade. 

5. To determine the prevalence of del5395 mutation of CHEK2 gene in the 

Latvian population and to establish the effect of this mutation on the 

development of PC (as well as the risk of ovarian, breast, and colorectal 

cancer). 

 

1.4. Working hypotheses 
 
1. The incidence, prevalence, and mortality of PC has increased from year 

1990 until 2014, while the survival rate has improved, and the fraction 

of late diagnoses has been reduced. 

2. The patient age, survival rate, and tumour cell grade in familial PC and 

sporadic PC are different. 
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3. The del5395 mutation of CHEK2 gene is the founder mutation in the 

population of Latvia, the presence of this mutation increases the risk of PC 

development (as well as the risk of ovarian, breast, and colorectal cancer). 

 
1.5. Scientific merit of the study 

 

This work contains a broad population-based analysis of PC in Latvia 

from the year 1990 until 2014, with the following epidemiological parameters 

of PC evaluated:  

• incidence, prevalence, mortality – both overall and age-specific; 

• overall and cancer-specific survival rates both during the entire 

analyzed time period, as well as according to T stages (separately 

considering the data for early and late T stages), and according to the 

year of first diagnosis; 

• the fraction of PC-specific mortality; 

• lethality of PC; 

• changes in first year mortality due to PC; 

• changes in the fraction of T stages. 

These data supplement and update the previously available information 

about the trends of PC epidemiology in Latvia.  

This is the first study of differences between familial PC and sporadic 

PC in Latvia, according to the patient age, survival rates, and the tumour cell 

grade. 

It was found that the del5395 mutation of CHEK2 gene has a founder 

effect in Latvia.  

This is the first evaluation of the link between del5395 mutation of 

CHEK2 gene and the risk of PC development (as well as the risk of ovarian, 

breast, and colorectal cancer) in Latvia. 
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2. MATERIAL AND METHODS 
 

The study consists of three parts: 1) description and analysis of PC 

epidemiology in Latvia; 2) comparison of familial and sporadic PC in Latvia; 

3) establishing the link between the del5395 mutation of CHEK2 gene and PC 

development in Latvia. 

The study was performed at the Oncology Institute of Rīga Stradiņš 

University. The study was authorised by the Clinical Research Ethics 

Committee of the Research Society at P. Stradins Clinical University Hospital 

(authorisation No. 151209-5L).  

 

2.1. Description and analysis of PC epidemiology in Latvia 
 
2.1.1. Study group 

 

A retrospective cohort study was performed to analyze the changes of 

epidemiological and other parameters of patients with PC in the time period 

from year 1990 until 2014. This study was based on information about the 

persons registered during this time period at the cancer patient database of the 

Latvian Centre for Disease Prevention and Control. The information about 16 

902 persons diagnosed with PC according to ICD-10 was included in the study. 

The necessary information about the male population of Latvia, changes 

of age structure, as well as the total mortality data for each year was obtained 

from the database of Central Statistical Bureau of Latvia, available on the 

Internet at http://www.csb.gov.lv/dati/statistikas-datubazes-28270.html. 

The obtained data were binned according to the age structure in groups 

of 10 years, while checking for adequate homogeneity of each age group. The 

age-specific parameters were analysed in the following age groups: < 60;      

60–69; 70–79; 80 + years, due to the low incidence of PC in the youngest and 

oldest age groups. 
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The prostate cancer stages T1a, T1b, T1c were combined in stage T1. 

The prostate cancer stages T2a, T2b, T2c were combined in stage T2. The 

prostate cancer stages T3a, T3b were combined in stage T3. The stages were 

combined due to the similar prognosis for the respective patients. The stages of 

PC that were described as TX and those cases of PC where the T stage was not 

indicated were combined as stage TX.  

The early PC stages T1 and T2 were grouped together as (T1 + T2), 

while the locally advanced stages T3 and T4 were grouped together in the 

second category as (T3 + T4). The occurrence of the aforementioned stages 

among newly diagnosed cases per year was calculated, and the survival rates 

were analyzed. 

 

2.1.2. Statistical methods 
 

The statistical average, median, and mode of age of first diagnosis and 

death of patients was calculated. The data are presented as the average age and 

standard deviation. In order to prevent fluctuations of the annual values used 

for comparison of age and survival rates, the average values of the first and last 

three years were used at the beginning and end of the considered time period, 

and the Mann-Whitney U test was used for quantitative data, while the Chi-

squared test was used for qualitative parameters. 

The specific epidemiological parameters of PC: the incidence, 

prevalence, and mortality were calculated for 100 000 person-years according 

to methods that are widely described in many literature sources and textbooks. 

Further comparison of data was based on age-standardized parameters that 

were calculated by using the world standard population 2000                         

(Ahmad et al., 2001) and the method of direct standardization. 

The mortality due to PC was characterised by the folowing parameters: 
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• The share of PC-specific mortality – the number of deaths due to PC 

relative to the total number of deaths in Latvia during each year; 

• Lethality of PC– the number of deaths due to PC relative to the 

prevalence of PC. 

The Joinpoint regression method was used for the evaluation of 

incidence, prevalence, and mortality trends during the study period. The age-

specific parameters were compared among all groups in pairs, with the purpose 

of detecting the presence of statistically similar (parallel) trends in age groups, 

or identifying differences.  

The analysis of survival rates was performed with the Kaplan–Meier 

method, calculating the overall 5, 10, 15, and 20-year survival rates, as well as 

survival rates separated by stages of the disease, while excluding from the 

analysis any cases of PC that were diagnosed at the time of death (n = 864). 

The cancer-specific survival rate was calculated for cancer patients with the 

cause of death reported as C61 (ICD-10 classification), while ignoring other 

causes of death. While evaluating the link between the survival rates and year 

of diagnosis, the results were averaged over three-year periods, in order to 

suppress annual fluctuations. The survival rate graphs were analysed for 

statistically significant differences by using the log-rank test. 

During the evaluation of contributions by T stages and the early or 

locally advanced stages, the results were also averaged over three-year periods, 

in order to suppress annual fluctuations. 
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2.2. Comparison of the sporadic and familial PC 
 
2.2.1. The study group 

 

There were 16 229 new cases of PC registered at the Centre for Disease 

Prevention and Control in the time period from 1990 until 2014. The family 

history survey form was completed at the Oncology Institute of Rīga Stradiņš 

University by 1175 PC patients of all stages (with PC diagnosed between the 

years 2000 and 2012). The inclusion criteria were: histologically verified PC, 

signed consent form for the study. Exclusion criteria: other oncological 

diseases, unknown family history, or the mental condition of the patient not 

adequate for giving informed consent.  

The information about T stage and Gleason score for patients who died 

during the study was obtained from the database of the Centre for Disease 

Prevention and Control. The observation period was continued until February, 

2013.  

Out of the 1175 PC patients, only 12 matched the criteria for hereditary 

PC and 203 corresponded to familial PC. Taking into account the fact that only 

few cases matched the criteria for hereditary PC, thus preventing adequate 

statistical analysis, the groups of hereditary PC and familial PC were combined 

in one family group (FG) with 215 PC patients, comprising 18.3% of all PC 

patients in this study. On the other hand, the group of sporadic PC (SG) 

included 960 PC patients, comprising 81.7% of all PC patients in the study.  

The Gleason score was available for 622 patients. 

 

2.2.2. Statistical methods 
 

The T stages and Gleason scores for FG and SG were compared by 

using the Chi-squared test; the patient age at the time of diagnosis was 

compared between the groups by using the t-test. The cancer-specific survival 
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rate between the groups was analysed by using the Kaplan–Meier method; the 

log-rank test was used for evaluating statistically significant differences 

between the survival rate graphs.  

 

2.3. Analysis of the CHEK2 gene 
 
2.3.1. The study group 

 

Volunteers for the participation in the study were recruited among breast 

cancer (BC), colorectal cancer (CRC), ovarian cancer (OC), and prostate cancer 

(PC) patients at the Oncology Institute of Rīga Stradiņš University, Latvian 

Oncology Centre, and Daugavpils Oncological Hospital in the time period from 

year 2010 until 2012. A total of 1824 patients with various types of cancer took 

part in the study. The BC group included 438 patients, the CRC group – 568 

patients, OC group – 399 patients, and the PC group – 419 patients. 

Two study groups of volunteers were recruited between the years 2010 

and 2012 at the Outpatient Center, Occupational Health Center, and Urology 

Center of Pauls Stradins Clinical University Hospital, comprising 531 people 

involved in the radioactive contamination clean-up after Chernobyl disaster, 

and 444 geriatric patients (older than 60 years). 

The control group was recruited from 526 healthy male blood donors 

from the blood bank of Pauls Stradins Clinical University Hospital, who 

volunteered for the study. 

All study participants gave written consent for DNA analysis. 

 

2.3.2. Isolation of DNA 
 

DNA was isolated from a 2 ml venous blood sample of each study 

participant with the Qiagen FlexiGene DNA Kit (250) according to the user’s 

manual. 



18 

DNA from tissue samples was isolated with the Qiagen QIAamp DNA 

mini Kit (250) according to the user’s manual. The quality of isolated DNA 

was verified on 1% agarose gel, and the concentrations were determined with 

Nanodrop 1000 spectrophotometer (Thermo Fisher Scientific).  

 

2.3.3. Determination of the del5395 mutation 
 

The del5395 mutation was determined by using PCR, and the positive 

samples were verified by sequencing. 

The multiplex PCR was performed with previously used primers 

(Cybulski et al., 2006), which were complementary to the DNA sequences at 

introns 8 and 10 of the CHEK2 gene. The normal alleles (without deletion) 

amplified 379 bp and 522 bp long fragments. In the case of deletion, a third 

fragment with 450 bp was amplified (due to the forward primer of exon 8 and 

reverse primer of exon 10). The PCR products were separated on a 1% agarose 

gel. 

 

2.3.4. DNA sequencing 
 

DNA sequencing was performed with ABI PRISM 3130 Genetic 

Analyzer, using the Big Dye v3.1 Sequencing kit according to the user’s 

manual. The forward primer for exon 8 or the reverse primer for exon 10 were 

used for the sequencing reactions. 
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2.3.5. Statistical methods 
 

All cancer groups, the Chernobyl group and the geriatric group were 

compared with the control group comprising healthy blood donors, using the 

Fisher’s exact test. The odds ratio (OR) and 95% confidence intervals (CI) were 

calculated. 

In all of the cases, the differences were evaluated at the statistical 

significance level of p < 0.05 or 95% (the differences were recognized as 

statistically significant when the reliability intervals did not overlap). 

Data analysis was performed with MS Excel, SPSS version 22.0, 

Joinpoint Regression Program version 4.04, and R version 3.0.3. 

(Bioconductor, http://www.bioconductor.org) software. 

http://www.bioconductor.org/
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3. RESULTS 
 

There were 16 229 new cases of PC diagnosed between years 1990 and 

2014. The average age of patients at the time of PC diagnosis during the entire 

considered time period was 70.0 years (SD 8.6 years). The average age of PC 

patients at the time of diagnosis was 71.1 years (SD 9.1 years) over the time 

period from 1990 to 1992, then slightly decreased and reached 69.0 years     

(SD 9.0 years) (p < 0.001) between the years 2012 and 2014. More detailed 

information about the average age of patients at the time of PC diagnosis during 

the considered time period can be found in Figure 3.1. 

 

 

Figure 3.1 The average age of PC patients at the time of diagnosis 

 
The total number of deaths among PC patients was 9852 during the time 

period between year 1990 and 2014, while PC was identified as the cause of 

death in 6731 cases. The average age of death for PC patients was 75.1 years 

(SD 8.9 years) over the entire considered time period. The average age of death 
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for PC patients from year 1990 until 1992 was 74.6 years (SD 9.3 years), then 

the age of death increased and reached 76.3 years (SD 8.6 years) (p < 0.001) in 

the time period from year 2012 until 2014. The average age of death due to PC 

in the entire considered time period was 74.0 years (SD 8.9 years). The average 

age of death due to PC from year 1990 until 1992 was 73.4 years (SD 92 

years), then it increased and reached 75.7 years (SD 8.8 years) in the time 

period from year 2012 until 2014 (p < 0.001). Detailed information about the 

average age of death in the considered time period is shown in Fig. 3.2. 

 

 

Figure 3.2 The average age of death for PC patients 

 

3.1. Incidence 
 

There were on average 270 new cases of PC diagnosed per year at the 

beginning of the considered time period. Starting in 1994, the number of new 

PC cases sharply increased until 2005, when the number of new PC cases had 

increased by 3.5 times. The increase in the number of new PC cases has slowed 

down after 2005, reaching on average of 1070 new PC cases per year at the end 
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of the considered time period, at four times the rate in 1994. More detailed 

information about the changes in number of new PC cases in the considered 

time period is presented in Fig. 3.3. 

 

 

Figure 3.3 The number of new PC diagnoses per year 
 

The largest number of new PC cases in the considered time period was 

found in patients who were 70–79 and 60–69 years old (the number of new PC 

cases was 6440 (40%) and 5783 (36%), respectively). There were 2153 (13%) 

new cases of PC diagnosed in men older than 80 years during the considered 

time period; the smallest fraction of new PC cases were diagnosed among 

patients younger than 60 years of age (1853 (11%)). 

The incidence of PC in the year 1990 was 19.5 per 100 000 person-

years, representing the lowest incidence in the considered time period. The 

increase of incidence was small until year 1994, and not considered statistically 

significant. There was a rapid increase of PC incidence from year 1994 until 

2005, at the APC rate of 12.4, and PC incidence reached 85.5 (per 100 000 p.y.) 

in 2005. The increase of PC incidence slowed to 4.0 APC from year 2005 to 
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2014, but remained statistically significant also in this time period.The 

incidence of PC reached the highest value in 2014, at 122.7 (per 100 000 p.y.). 

During the entire considered time period, AAPC was 7.4 (95% CI 6.1; 8.7). 

More details about the incidence of PC are given in Figure 3.4. 

 

 

Figure 3.4 The changes of PC incidence by year 

 

The trends of standardized incidence are presented in Table 3.1. 
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Table 3.1 

The trends of prostate cancer incidence, prevalence, and mortality in 
Latvia from year 1990 until 2014 (jointpoint analysis). 

 
Trend 1 Trend 2 Trend 3 AAPC 

Years APC Years APC Years APC 1990–
2014 

Incidence 1990–
1994 2.1* 1994–

2005 12.4* 2005–
2014 4.0* 

7.4* 
(6.1; 
8.7) 

Standardized incidence – 1.3 – 10.0* – 2.8* 
5.8* 
(4.8; 
6.8) 

Age group  

< 60 1990–
2014 10.3* – – – – 

10.3* 
(9.3; 
11.3) 

60–69 1990–
1997 3.4* 1997–

2006 13.3* 2006–
2014 3.4* 

7.0* 
(5.8; 
8.2) 

70–79 1990–
2005 7.9** 2005–

2014 
─ 

0.27 – – 
5.0* 
(3.3; 
6.8) 

80 + 1990–
2003 8.4* 2003–

2014 
─ 

0.42* – – 4.9* 
(3.3;6.6) 

Prevalence 1990–
1997 6.8* 1997–

2006 13.9* 2006–
2014 10.3* 

10.6* 
(9.8 – 
11.4) 

Standardized 
prevalence 

1990–
1998 6.0* 1998–

2005 12.0* 2005–
2014 8.0* 

8.5* 
(7.2; 
9.8) 

Age group  

< 60 1990–
1998 4.1* 1998–

2014 15.9* – – 
11.8* 
(9.7; 
13.9) 

60–69 1990–
1998 5.0* 1998–

2012 13.3* 2010–
2014 8.0* 

10.2* 
(8.9; 
11.5) 

70–79 1990–
1996 3.1* 1996–

2005 10.8* 2005–
2014 7.6* 

7.6* 
(6.7; 
8.5) 
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Continuation of Table 3.1 

 
Trend 1 Trend 2 Trend 3 AAPC 

Years APC Years APC Years APC 1990 – 
2014 

80 + 1990–
2006 8.7* 2006–

2014 1.8* – – 
6.4* 
(5.9; 
6.8) 

Mortality 1990–
2006 6.6* 2006–

2014 2.8* – – 
5.3* 
(4.4; 
6.2) 

Standardized mortality 1990–
2006 4.8* 2006–

2014 ─ 0.5 – – 
3.0* 
(2.1; 
3.9) 

Age group  

< 60 1990–
2014 1.8* – – – – 

1.8* 
(0.2; 
3.5) 

60–69 1990–
2014 2.5* – – – – 

2.5* 
(1.5; 
3.5) 

70–79 1990–
2006 4.7* 2006–

2014 ─ 2.0 – – 
2.4* 
(1.4; 
3.4) 

80 + 1990–
2007 6.2* 2007–

2014 ─ 0.6 – – 
4.2* 
(2.8; 
5.6) 

APC – annual percent change; AAPC – average annual percent change 

* APC or AAPC was statistically significantly different from 0 

 
The patient group who were < 60 years of age did not show major 

fluctuations of the increase of incidence over the considered time period, with 

AAPC 10.3 (95% CI 9.3; 11.3). The age group of 60–69 years experienced a 

small but statistically significant growth of PC incidence in the time periods 

from year 1990 to 1997 and from year 2006 to 2014, with APC 3.4. The largest 

increase of incidence in the considered time period among all age groups was 

observed in the group of 60–69 years old patients between the years 1997 and 

2006, with APC 13.3. The group of 70–79 years old patients had a statistically 
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significant increase of PC incidence from year 1990 until 2005, with APC 7.9. 

Starting in year 2005, the group of 70–79 years old patients showed a 

statistically insignificant decrease of PC incidence, with APC ─ 0.27. Similar 

observations were also made for the group of patients who were older than 80 

years, where a statistically significant increase of PC incidence with APC 8.4 

was observed between the years 1990 and 2003, followed by a statistically 

insignificant reduction of PC incidence until year 2014, with APC ─ 0.42. 

Comparison of the incidence dynamics among age groups showed similar 

trends in the groups of patients who were 70–79 years old and over 80 years 

old, as shown in detail in Figure 3.5, while the trends were different in the 

groups of patients who were 60–69 years and 70–79 years old, as shown in 

detail in Fig. 3.6. 

 

 
Figure 3.5 Comparison of the PC incidence trends in age groups of 70–79 

and 80 + years 
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Figure 3.6 Comparison of the PC incidence trends in age  

groups of 60–69 and 70–79 years  
 

More details about the PC incidence and age-specific incidence trends 

is shown in Table 3.1. 

 

3.2. Prevalence 
 

The number of PC patients at the beginning of the considered time 

period did not exceed 1 thousand. However, the number of PC patients rapidly 

increased from the year 1997 until 2006, and reached 3.6 thousand patients in 

2006. The growth in the number of PC patients slowed down between year 

2006 and 2014, and the total number of patients reached 7 thousand at the end 

of the considered time period; thus, the number of patients has increased by a 

factor of seven over the entire considered time period. Divided by age groups, 

the largest number of PC patients was among 70–79 years old men (3 thousand, 

43%) and among 60–69 years old men (2 thousand, 29%). 
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The prevalence of PC in the year 1990 was 72.1 (per 100 000 p.y.), 

representing the lowest value in the considered time period. A small but 

statistically significant increase of incidence was observed from the year 1990 

until 1997 (APC 6.8), and the prevalence of PC in the year 1997 was 113.0  

(per 100 000 p.y.). The rate of increase for PC prevalence doubled from 1997 to 

2006, with APC 13.3, and reached 358.2 (per 100 000 p.y.) in 2006. The 

growth of PC prevalence somewhat slowed down from the year 2006 to 2014, 

with APC 10.3, with the prevalence equal to 770.6 (per 100 000 p.y.) in 2014. 

More details about PC prevalence are shown in Fig. 3.7. 

 

 

Figure 3.7 The changes of PC prevalence by year 
 

The trends of standardized prevalence values are shown in Table 3.1. 

The age-specific prevalence in the age group of < 60 years showed no 

statistically significant increase between the years 1990 and 1998, but a sharp 

rise occurred from year 1998 until 2014, with the greatest APC 15.9 among all 

age groups. As a result, this age group experienced the largest growth of age-

specific prevalence over the considered time period, with AAPC 11.8         
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(95% CI 9.7; 13.9). The age-specific prevalence in the age group of 60–69 

years showed no statistically significant growth between the years 1990 and 

1998, while a sharp increase of age-specific prevalence occurred between the 

years 1998 and 2014, resulting in the second largest AAPC 10.2                 

(95% CI 8.9; 11.5) for the age group of 60–69 years during the considered time 

period. The age-specific prevalence in the age group of 70–79 years showed 

statistically significant growth over the entire considered time period, with APC 

fluctuations from 3.1 to 10.8, with the AAPC 7.6 (95% CI 6.7; 8.5). The age-

specific prevalence in the age group of 80 + years during the entire considered 

time period showed a statistically significant growth, with APC fluctuations 

from 1.8 to 8.7, with AAPC 6.4 (95% CI 5.9; 6.8). The analysis of age-specific 

prevalence showed different trends in all age groups. More details about the 

prevalence trends in age groups of 60–69 years, 70–79 years, as well as 80 + 

years can be found in Figures 3.8. and 3.9., respectively. 

 

 

Figure 3.8 Comparison of prevalence trends in age groups of 
 60–69 and 70–79 years 
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Figure 3.9 Comparison of prevalence trends in the age  
groups of 70–79 and 80 + years 

 

More detailed data about the trends of PC prevalence and age-specific 

prevalence are shown in Table 3.1. 

 

3.3. Mortality 
 

There were on average 230 deaths per year due to PC at the beginning of 

the considered time period. The number of deaths among PC patients rapidly 

increased after 1998, up to three times the initial rate at the end of the 

considered time period, reaching on average 600 deaths per year. More detailed 

data about the number of deaths is shown in Fig. 3.10. 



31 

 

Figure 3.10 The number of deaths among PC patients 

 
At the beginning of the considered time period, there were on average 

180 deaths per year due to PC among the patients. Starting from the year 1998, 

there was a rapid increase in the number of deaths due to PC, doubling until the 

end of the considered time period, and reaching an average of 370 deaths due to 

PC per year. More detailed data about the number of deaths due to PC are 

shown in Fig. 3.11. 
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Figure 3.11 The number of deaths due to PC 
 

The mortality of PC was 13.6 (per 100 000 p.y.) in 1990. The mortality 

continued to increase at APC 6.6 until 2006 and reached 37.3                        

(per 100 000 p.y.). The rate of PC mortality increase slowed from the year 2006 

until 2014 to APC 2.8. The PC mortality was 41.8 per 100 000 p.y. in 2014, the 

highest value in the considered time period. It should be noted that the 

standardized mortality showed a slight, statistically insignificant decrease from 

year 2006 until 2014, with APC ─ 0.5. However, during the entire considered 

time period generally there was a statistically significant increase of both 

mortality and standardized mortality with AAPC 5.3 (95% CI 4.4; 6.2) and 3.0 

(95% CI 2.1; 3.9), respectively. More details about PC mortality are shown in 

Fig. 3.12. 
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Figure 3.12 The changes of PC mortality by year 
 

More details about the standardized mortality are shown in Fig. 3.13. 

 

 
Figure 3.13 Changes of the standardized PC mortality by year 
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The trends of standardized mortality are shown in Table 3.1. 

The age-specific mortality in age groups of < 60 and 60–69 years 

showed a stable growth over the entire considered time period, with AAPC 1.8 

(95% CI 0.2; 3.5) and 2.5 (95% CI 1.5; 3.5), respectively. In turn, the age 

groups of 70–79 and 80 + years showed a statistically significant increase of 

mortality over the time periods from year 1990 to 2006 and from 1990 to 2007, 

respectively, followed by a statistically insignificant reduction of mortality until 

year 2014, with APC ─ 2.0 and ─ 0.6, respectively. By comparing the changes 

of mortality among the age groups, similar trends could be identified in the age 

groups of 60–69 and 70–79 years, as shown in Figure 3.14., and different trends 

occurred in the age groups of 70–79 and 80 + years, as shown in more detail in 

Fig. 3.15. 

 

 

Figure 3.14 Comparison of mortality trends in the age groups 
 of 60–69 and 70–79 years 

 



35 

 

Figure 3.15 Comparison of mortality trends in the age 
groups of 70–79 and 80 + years 

 
More details about the trends of PC mortality and age-specific mortality 

are shown in Table 3.1. 

The PC specific share of mortality (SSM) was the lowest from year 

1990 until 1995, when the SSM value was between 0.7% and 1.0%. The SSM 

value gradually increased after 1995, reaching 2.8% in 2014. The lethality of 

PC (PCL) was 69.8% in 1990, which was the highest lethality during the entire 

considered time period. The PCL indices remained high between the years 

1990 and 1997, and were above 60%. Starting in 1998, PCL rapidly decreased, 

and has been around 35% since 2010, reaching 34.1% in 2014 – the lowest 

value during the considered time period. More details about the SSM and PCL 

indices of PC are shown in Table 3.2. 
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Table 3.2. 

The PC specific share of mortality and lethality 

Year Total number of deaths in 
population 

PC-specific share of 
mortality 

PC 
lethality 

1990 16 951 1.0% 19.0% 

1991 17 146 0.9% 16.6% 

1992 17 978 1.0% 18.2% 

1993 20 462 0.8% 17.3% 

1994 22 182 0.7% 15.3% 

1995 20 343 0.9% 17.3% 

1996 17 509 1.3% 19.2% 

1997 16 715 1.3% 16.7% 

1998 16 942 1.0% 12.2% 

1999 16 453 1.3% 13.9% 

2000 16 155 1.3% 12.0% 

2001 16 537 1.5% 12.6% 

2002 16 423 1.7% 12.2% 

2003 15 893 1.7% 10.2% 

2004 15 890 2.0% 11.1% 

2005 16 601 2.1% 10.4% 

2006 16 621 2.3% 10.5% 

2007 16 360 2.0% 8.2% 

2008 15 432 2.2% 8.4% 

2009 14 539 2.4% 7.2% 

2010 14 561 2.3% 6.5% 

2011 13 857 2.6% 6.3% 

2012 13 801 2.8% 6.2% 

2013 13 518 2.7% 5.5% 

2014 13 723 2.8% 5.5% 
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The share of postmortem PC diagnoses was 5% during the entire 

considered time period, and did not exceed 10%. The average mortality due to 

PC in the first year after diagnosis during the entire considered time period was 

19%, while it was 26% at the beginning of the considered time period. The 

percentage of deaths due to PC during the first year after diagnosis gradually 

decreased since 1998, reaching on average 15% at the end of the considered 

time period. The share of PC patients who were actively treated (excluding the 

cases diagnosed postmortem) and died during the first year was 21% at the 

beginning of the considered time period, and 14% on average for the entire 

period. The share of actively treated patients who died during the first year 

gradually decreased since 1998, reaching on average of 10% at the end of the 

considered time period. More detailed data about the changes in the number of 

deaths due to PC are presented in Fig. 3.16. 

 

 
Figure 3.16 The changes in death rate during the first year after diagnosis 

of PC 
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3.4. Survival rate 
 
3.4.1. Overall survival rate 

 

The median overall survival rate of PC patients during the study period 

was 5.3 (95% CI 5.2; 5.5) years (Fig. 3.17.). 

 

Figure 3.17 Cumulative overall survival rate of PC patients 

 

The median overall survival rate by stages was: T1 stage – 11.5 (95% 

CI10.3; 12.7) years, T2 stage – 10.3 (95% CI9.8; 10.7) years, T3 stage – 4.2 

(95% CI4.0; 4.5) years, T4 stage – 1.1 (95% CI0.9; 1.2) years, TX stage – 2.8 

(95% CI2.5; 3.0) years; these differences are statistically significant (p ≤ 0.005) 

(Fig. 3.18.). 
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Figure 3.18 Cumulative overall survival rate of PC patients by T stages 

 
More details about the overall 5, 10, 15, and 20 year survival rate by T 

stages are shown in Table 3.3. 

 

Table 3.3 

Overall and cancer-specific PC survival rate by T stages 

Life expectancy Total 
Stages 

T1 T2 T3 T4 Tx 

5 
years 

OS 
Percentage 51.7 74.8 71.9 44.8 12.8 38.2 

95% CI (50.7–
52.7) 

(71.7–
77.9) 

(70.5–
73.3) 

(43.2–
46.4) 

(10.1–
15.5) 

(36.6–
39.8) 

CSS 
Percentage 63.0 89.3 83.9 55.8 16.4 49.5 

95% CI (62.0–
64.0) 

(87.1–
91.5) 

(82.7–
85.1) 

(54.2–
57.4) 

(13.3–
19.5) 

(47.7–
51.3) 
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Continuation of Table 3.3 

Life expectancy Total 
Stages 

T1 T2 T3 T4 Tx 

10 
years 

OS 
Percentage 32.3 55.8 51.7 23.1 4 22.7 

95% CI (31.3–
33.3) 

(51.5–
60.1) 

(49.5–
53.9) 

(21.5–
24.7) (2.2 –5.8) (21.1–

24.3) 

CSS 
Percentage 50.3 81.9 73.7 37.4 7.5 39 

95% CI (49.1–
51.5) 

(78.4–
85.4) 

(71.7–
75.7) 

(35.4–
39.4) 

(4.8 – 
10.2) 

(37.0–
41.0) 

15 
years 

OS 
Percentage 19.2 37.3 30.9 13.3 1.2 13.4 

95% CI (18.0–
20.4) 

(31.2–
43.4) 

(27.6–
34.2) 

(11.7–
14.9) (0.0 – 2.8) (11.6–

15.2) 

CSS 
Percentage 41.8 73.5 61.7 29.4 – 32.7 

95% CI (40.2–
43.4) 

(66.8–
80.2) 

(57.6–
65.8) 

(26.9–
31.9) – (30.2–

35.2) 

20 
years 

OS 
Percentage 14.9 31.3 24 9.6 – 10.8 

95% CI (13.5–
16.3) 

(24.2–
38.4) 

(20.3–
27.7) (7.8–11.4) – (8.8–

12.8) 

CSS 
Percentage 37.5 67.8 56 25.8 – 29.5 

95% CI (35.3–
39.7) 

(58.0–
77.6) 

(50.5–
61.5) 

(22.5–
29.1) – (26.2–

32.8) 
OS – overall survival 

CSS – cancer-specific survival rate 

 
The median overall survival rate for early stages of PC (T1 + T2) was 

10.5 (95% CI 10.0; 10.9) years, for advanced stages (T3 + T4) – 3.6            

(95% CI 3.4; 3.8) years; these differences are statistically significant                 

(p < 0.001) (Fig. 3.19.). 
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Figure 3.19 Cumulative overall survival rate of PC patients at early stages 

and locally advanced stages 

 

More details about the overall 5, 10, 15, and 20 year survival rate for 

early stage and advanced stage PC patients are presented in Table 3.4. 
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Table 3.4 

The overall and cancer-specific survival rate of patients at early stages and 

locally advanced stages of PC 

Life expectancy 
Stages 

T1 + T2 T3 + T4 

5 years 

OS 
Percentage 72.4 40.6 

95% CI (71.0–73.8) (39.2–42.0) 

CSS 
Percentage 84.9 50.4 

95% CI (83.7–86.1) (48.8–52.0) 

10 years 

OS 
Percentage 52.5 20.6 

95% CI (50.5–54.5) (19.2–22.0) 

CSS 
Percentage 75.2 33.6 

95% CI (73.4–77.0) (31.8–35.4) 

15 years 

OS 
Percentage 32.7 11.7 

95% CI (30.0–35.4) (10.3–13.1) 

CSS 
Percentage 64.1 26.5 

95% CI (60.6–67.6) (24.3–28.7) 

20 years 

OS 
Percentage 25.9 8.5 

95% CI (22.6–29.2) (6.9–10.1) 

CSS 
Percentage 58.4 23.3 

95% CI (53.7–63.1) (20.4–26.2) 

OS – overall survival rate 

CSS – cancer-specific survival rate 
 



43 

3.4.2. Cancer-specific survival rate 
 

The median cancer-specific survival rate of PC patients during the entire 

considered time period was 10.0 (95% CI 9.5; 10.6) years (Fig. 3.20.). 

 

 

Figure 3.20 Cumulative cancer-specific survival rate of PC patients 

The median cancer-specific survival rate during the considered time 

period could not be determined for stages T1 and T2, for stage T3 it was 6.1 

(95% CI 5.7; 6.5) years, for stage T4 it was 1.2 (95% CI 1.0; 1.4) years, in the 

case of TX it was 4.8 (95% CI 4.3; 5.4) years; these are statistically significant 

differences (p ≤ 0.005) (Fig. 3.21.). 
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Figure 3.21 Cumulative cancer-specific survival rate of PC  

patients by T stages 

 

More details about the cancer-specific 5, 10, 15, and 20 year survival 

rate by T stages are shown in Table 3.4. 

The cancer-specific median survival rate during the considered time 

period could not be evaluated for the early PC stages (T1 + T2), while for 

advanced stages (T3 + T4) it was 5.2 (95% CI 4.8; 5.5) years; these were 

statistically significant differences (p < 0.001) (Fig. 3.22.). 
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Figure 3.22 Cumulative cancer-specific survival rate of PC  

patients at the early stages and locally advanced stages 

 
The cancer-specific 5, 10, 15, and 20 year survival rate by early and 

advanced stages is shown in Table 3.5. 

 

3.4.3. Survival rate during the first year after diagnosis of PC 
 

The overall 5 and 10 year survival rates were the lowest for cases of PC 

that were diagnosed at the beginning of the considered time period (from the 

year 1993 until 1995) – 33.2% (95% CI 29.9; 36.0) and 19.9%                     

(95% CI 18.2; 21.6), respectively. The overall 5 and 10 year survival rates 

improved during all the considered time period, and the overall 5 year survival 

rate reached 65.0% (95% CI 65.0; 67.0) for the cases of PC diagnosed in the 

time period from year 2008 until 2010, while the overall 10 year survival rate 

reached 31.2% (95% CI 29.2; 33.2) for the cases of PC diagnosed between the 

years 2002 and 2004. The overall 15 year survival rate was the highest for the 
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PC cases diagnosed at the beginning of the considered time period, from the 

year 1990 until 1992 – 15.3% (95% CI 12.6; 18.0). The overall 15 year survival 

rate then decreased to 9.6% (95% CI 7.9; 11.4) for the cases of PC diagnosed 

between the years 1996 and 1998.  

The cancer-specific 5 and 10 year survival rate was the lowest at the 

beginning of the considered time period, from year 1993 until 1995 – 40.3% 

(95% CI 36.8; 43.8) and 29.3% (95% CI 25.8; 32.8), respectively. The cancer-

specific 5 and 10 year survival rates improved during the considered time 

period, with the 5 year cancer-specific survival rate reaching 75.1%                      

(95% CI 73.3; 76.9) in the time period from year 2008 until 2010, and the 

cancer-specific 10 year survival rate reaching 49.9% (95% CI 47.5; 52.3) in the 

time period between years 2002 and 2004. The cancer-specific 15 year survival 

rate was the lowest at the beginning of the considered time period (from year 

1993 until 1995) – 25.1% (95% CI 23.5; 26.7). The cancer-specific 15 year 

survival rate subsequently increased to 30.9% (95% CI 27.8; 34.0) from year 

1999 until 2001. More details about the overall and cancer-specific survival 

rates depending of the year of diagnosis are shown in Table 3.5. 

 

Table 3.5 

The overall and cancer-specific 5, 10, and 15 year PC survival rates by 

year of diagnosis 

Year of 
diagnosis 

5 years 10 years 15 years 

OS 
(95% CI) 

CSS 
(95% CI) 

OS 
(95% CI) 

CSS 
(95% CI) 

OS 
(95% CI) 

CSS 
(95% CI) 

1990–1992 
35.1 

(31.8–
38.4) 

43.6 
(39.9–
47.3) 

20.7 
(17.8–
23.6) 

32.9 
(29.2–
36.6) 

15.3 
(12.6–
18.0) 

27.9 
(24.2–
31.6) 

1993–1995 
33.2 

(29.9–
36.0) 

40.3 
(36.8–
43.8) 

19.9 
(18.2–
21.6) 

29.3 
(25.8–
32.8) 

13.4 
(11.0–
15.8) 

25.1 
(23.5–
26.7) 
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Continuation of Table 3.5 

Year of 
diagnosis 

5 years 10 years 15 years 
OS 

(95% CI) 
CSS 

(95% CI) 
OS 

(95% CI) 
CSS 

(95% CI) 
OS 

(95% CI) 
CSS 

(95% CI) 

1996–1998 
41.5 

(38.4–
44.6) 

51 
(47.3–
54.7) 

23.6 
(20.5–
26.7) 

37.7 
(33.8–
41.6) 

9.6 
(7.9–
11.4) 

27.4 
(25.8–
29.0) 

1999–2001 
41.1 

(38.2–
44.0) 

54 
(50.7–
57.3) 

24.4 
(21.9–
26.9) 

40.5 
(37.2–
43.8) 

12.5 
(10.5–
15.0) 

30.9 
(27.8–
34.0) 

2002–2004 
50.6 

(48.1–
53.1) 

63.4 
(60.9–
65.9) 

31.2 
(29.2–
33.2) 

49.9 
(47.5–
52.3) 

– – 

2005–2007 
58.3 

(56.3–
60.8) 

70.7 
(68.9–
73.2) 

– – – – 

2008–2010 
65 

(65.0–
67.0) 

75.1 
(73.3–
76.9) 

– – – – 

OS – overall survival rate 

CSS – cancer-specific survival rate 
 
3.5. Comparison by T stages 

 

At the beginning of the considered time period, the largest fraction of 

PC patients (43.2%) were identified as stage TX. This fraction decreased by 

more than 2 times until the end of the considered time period, down to 16.9% 

(p < 0.001). The average fraction of stage TX during the entire considered time 

period was 28.2%, and has rapidly decresed since year 2011 (see the Table in 

Annex 1). The stage T4 was identified in the smallest fraction of patients 

(3.7%) at the beginning of the considered time period, increasing to 7.2% by 

the middle of the first decade, and decreasing to 2.8% (p < 0.001) by the end of 

the considered time period; the average fraction of stage T4 during the entire 

considered time period was 4.3%.  

The fraction of T1 stage at the beginning of the considered time period 

was 5.1%, and increased by more than 2 times until the end of that time period, 
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reaching 11.9% (p < 0.001); the average fraction of T1 stage was 7.1%. The 

fraction of T2 stage at the beginning of the considered time period was 25.0%, 

increasing by two thirds to 42.9% (p < 0.001) at the end of that time period; the 

average fraction of stage T2 during all the considered time period was 31.1%. 

The fraction of stage T3 at the beginning of the considered time period was 

22.7%, increasing to 39.4% by the end of the first decade, then decreasing to 

25.5% (p < 0.001) by the end of the considered time period; the average 

fraction of stage T3 during all the considered time period was 29.3%. The 

occurrence of different T stages by year is shown in Fig. 3.23. 
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Figure 3.23 The occurrence of different T stages by year 

 
The fraction of early PC stages at the beginning of the considered time 

period was 53.6%, followed by a decrease to 30.6% by the end of the first 

decade; then the fraction of early stages increased to 65.9% (p < 0.001) by the 

end of the considered time period. The average fraction of early PC stages 

during all the considered time was 53.6% (see the Table in Annex 2). The 
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fraction of advanced PC stages at the beginning of the considered time period 

was 46.4%, increasing to 69.4% by the end of the first decade; then decreasing 

to 34.1% (p < 0.001) until the end of the considered time period. The average 

fraction of advanced PC stages during all the considered time period was 

46.4%. The occurrence of early and advanced PC stages by year is shown in 

Fig. 3.24. 
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Figure 3.24 The occurrence of early and advanced PC stages by year. 

 
3.6. Comparison of sporadic and familial PC 

 

The average age of familial PC patients (FG) at the time of diagnosis 

was 58.9 years (95% CI 57.8; 60.1); the average age of sporadic PC patients 

(SG) was 67.2 years (95% CI 66.7; 67.6). Thus, the FG patients were on 

average 8.3 years younger than the SG group patients; the difference was 

statistically significant (p < 0.0001).  
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The T stage was known for a total of 980 patients, among them 191 

patients was assigned to the FG and 789 patients were assigned to the SG 

group. The T stage was not known for a total of 195 patients, among them 24 

FG patients and 171 SG patients. The Gleason score was known for a total of 

622 PC patients, among them 130 FG patients (20.9% of all PC patients with 

known Gleason score) and 492 SG patients (79.1% of all PC patients with 

known Gleason score). There were no statistically significant differences in the 

fraction of patients with known Gleason score and known T stage between both 

groups (p=0.712 and p=0.084, respectively). The comparison of patient age, 

Gleason score, and fraction of T stages between the FG and SG groups is 

presented in Table 3.6. 

 

Table 3.6 

Comparison of age, Gleason score and Tstage between the FG and SG 
groups 

 FG SG p-value 
Age at the time of 

diagnosis  

All patients (1175) 215 (18.3%) 960 (81.7%)  

Average 
58.9 

(95%TI 57.8–
60.1) 

67.2 
(95%TI 66.7–67.6) < 0.0001 

Range 28–85 46–92  
Gleason score   0.712 

Patients with known 
Gleason score (622) 130 (20.9%) 492 (79.1%)  

1–4  12 (9.2%) 57 (11.6%)  
5–7 97 (74.6%) 352 (71.5%)  
8–10 21 (16.2%) 83 (16.9%)  
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Continuation of Table 3.6 

 FG SG p-value 
T stages 191 (19.5%) 789 (80.5%) 0.084 

T1 10 (5.2%) 40 (5.1%)  
T2 138 (72.3%) 511 (64.8%)  
T3 43 (22.5%) 224 (28.4%)  
T4 0 (0%) 14 (1.8%)  

 

The 5 year cancer-specific survival rate in FG was 92% (95% CI 0.88; 

0.97), while it was 88% in SG (95% CI 0.86; 0.91), with no statistically 

significant difference. The 10 year cancer-specific survival rate in FG was 92% 

(95% CI 0.88; 0.97), while it was 69% in SG (95% CI 0.60; 0.78). Thus, the 10 

year cancer-specific survival rate in FG was higher by 23% than in SG, with    

p = 0.0237. A comparison of cancer-specific survival rate in FG and SG is 

shown in Fig. 3.25. 

 

 

Figure 3.25 Comparison of cancer-specific survival rate in FG and SG 
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3.7. Analysis of del5395 mutation in CHEK2 gene 
 

The average age (range) of CRC patients was 67 (18–88) years; the 

del5395 mutation of CHEK2 gene was found in 2 out of 568 (0.35%) CRC 

patients.  

The average age (range) of BC patients was 62 (28–89) years; the 

del5395 mutationof CHEK2 gene was found in 3 out of 435 (0.68%) BC 

patients. 

The average age (range) of OC patients was 57 (16–86) years; the 

del5395 mutation of CHEK2 gene was found in 4 out of 399 (1.0%) OC 

patients. 

The average age (range) of PC patients was 66 (42–91) years; the 

del5395 mutation of CHEK2 gene was found in 1 out of 419 (0.24%) PC 

patients. 

The average age (range) of people involved in radioactive contamination 

cleanup after the Chernobyl disaster was 54 (43–76) years; the del5395 

mutation of CHEK2 gene was found in 4 out of 531 (0.75%) Chernobyl 

cleanup survivors. 

The average age (range) of geriatric group was 73 (60–97) years; the 

del5395 mutation of CHEK2 gene was found in 3 out of 444 (0.68%) geriatric 

group patients. 

The average age (range) of blood donors serving as control group was 

35 (18–65) years; the del5395 mutation of CHEK2 gene was found in 4 out of 

524 (0.76%) members of the blood donor group. 

The largest risk due to the del5395 mutation of CHEK2 gene among the 

cancer patients was associated with ovarian cancer (OR = 1.32, 95%               

CI 0.24; 7.13, p = 0.73), while the lowest risk was for prostate cancer            

(OR = 0.31, 95% CI 0.06; 3.70, p = 0.39). Among the cancer patients, only 

those with ovarian cancer had a higher incidence of del5395 mutation of 
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CHEK2 gene, compared to the control group with OR > 1. The risk due to the 

del5395 mutation of CHEK2 gene was not statistically significant in any of the 

cancer patient groups, with the p value ranging from 0.39 to 1.00.  

Compared to the control group, there was no statistically significant risk 

of del5395 mutation in CHEK2 gene among the Chernobyl cleanup survivors 

(OR = 1.09, 95% CI 0.20; 5.90), nor in the geriatric group (OR = 0.89, 95%   

CI 0.13; 5.28) (p = 1). 

The frequency of del5395 mutation in CHEK2 gene among all study 

groups is shown in Table 3.7. 

 

Table 3.7 
The frequency of del5395 mutation in CHEK2 gene 

Groups of 
cancer patients 

Age del5395 
mutation 

Frequency 
(%) OR 95% 

CI 
p-

value average range 

Colorectal 67 18–
88 2/568 0.35 0.46 0.04–

3.23 0.43 

Breast 62 28–
89 3/435 0.68 0.90 0.13–

5.35 1.00 

Ovarian 57 16–
86 4/399 1.00 1.32 0.24–

7.13 0.73 

Prostate 66 42–
91 1/419 0.24 0.31 0.06–

3.70 0.39 

Combined for 
all groups of 

cancer patients 
63 16–

91 10/1824 0.55 0.75 0.28–
1.94 0.52 
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Continuation of Table 3.7 

Groups of 
cancer patients 

Age del5395 
mutation 

Frequency 
(%) OR 95% 

CI 
p-

value average range 

Chernobyl 
cleanup 

survivors 
54 43–

76 4/531 0.75 0.99 0.18–
5.35 1.00 

Geriatric group 73 60–
97 3/444 0.68 0.89 0.13–

5.28 1.00 

Control group  

Healthy blood 
donors 35 18–

65 4/524 0.76 – – – 

OR: odds ratio; 95% CI: 95% confidence interval. 
 

There were 51 patients with different types of malignant tumours among 

the Chernobyl cleanup survivors. The del5395 mutation of CHEK2 gene was 

not found in any of these cases. 
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4. DISCUSSSION 
 
4.1. Epidemiology 

 

Prostate cancer is one of the most common types of malignant tumours 

among males worldwide. A large number of publications describe the global 

trends of PC epidemiology, bet there is a lack of data about the situation in 

Latvia over the last decade, and the available information must be updated. Our 

analysis of trends in PC epidemiology in Latvia over 25 years provides a 

perspective on the contributions and accomplishments of urological care in 

Latvia starting from the restoration of Latvian independence (when the 

implementation of European Association of Urology guidelines was started) 

until the current time. 

The analysis of epidemiology is based on the data from the Latvian 

Centre for Disease Prevention and Control and the Central Statistical Bureau. 

Both of these institutions maintain databases that are essentially unique for 

Latvia and aggregate information from the entire country, and the obtained 

epidemiological data are relevant for the entire country, thus considered to be 

reliable. The epidemiological data registered between the years 1990 and 1993 

may be incomplete due to the transition from Soviet epidemiological records to 

the newly formed cancer patient register of independent Latvia. 

The standardized incidence of PC increased over the entire considered 

time period with AAPC of 5.8 (95% CI 4.8; 6.8). An especially rapid increase 

in the incidence of PC was observed from the year 1994 until 2005, with APC 

of 12.4. Such a rapid increase in the incidence of PC could not be linked to any 

of the proven risk factors for PC: age, genetic traits or race. The average life 

expectancy for males in Latvia has not substantially changed during the study 

(63–68 years), the influence of other races on the ethnic composition of Latvian 

population is insignificant. Thus, it can be concluded that the reason for the 
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rising incidence of PC is the recent emphasis on search for PC cases (the 

education of society and medical professionals, especially general practice 

doctors, the increased interest of urologists in Latvia about the problem, 

theoretical and practical advancement of urologists during the study time 

frame), and improved diagnostics (widespread introduction of PSA testing in 

1997, the common application of TRUS in combination with prostate biopsy 

since 1998). The growth of PC incidence slowed after year 2005 to APC of 2.8. 

This trend can be explained by several factors: population screening with the 

PSA test was discontinued at the same time and the efforts by urologists to 

diagnose PC in patients over 75 years of age were stopped, because PSA testing 

after this age becomes less clinically significant or economically justified 

(Schaeffer et al., 2009). 

In most of the world, similarly as in Latvia, a long-term growth of PC 

incidence has been observed, although the incidence of PC in several countries 

did not show statistically significant changes, but rather stabilized. A 

statistically insignificant decrease of PC incidence was observed in Finland, 

New Zealand, and India (Chennai province), with AAPC of ─0.2, ─1.2,  

and  ─0.5, respectively (Center et al., 2012). On the other hand, there was a 

statistically insignificant increase of PC incidence in USA, Canada, and 

Australia, with AAPC of 0.1, 0.9, and 0.1, respectively (Center et al., 2012). It 

does not mean that there were no variations of PC incidence in these countries, 

just the opposite: when the PSA test was introduced in these countries at the 

end of 1980’s and the start of the 1990’s, screening for PSA led to greatly 

increased observed incidence of PC. The APC of PC incidence in Australia and 

New Zealand at this time was 24.8 and 27.5, respectively (Center et al., 2012). 

A substantial decrease of PC incidence was observed in these countries in the 

middle and end of the 1990’s (with the greatest APC of -10.4 in Australia), 

followed by a stabilization of PC incidence (Baade et al., 2009;                  

Center et al., 2012; Etzioni et al., 2002).  
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The dynamics of PC incidence in Latvia have been rather similar to the 

countries of Western and Northern Europe, where the variations of PC 

incidence were not that significant. In those countries, similarly to Latvia, the 

PSA test was introduced several years later and was not used as widely       

(Bray et al., 2010; Center et al., 2012; Melia et al., 2004).  

The incidence of PC in Asia is generally lower than in Latvia (Israel is 

an exception), PSA test is used less commonly, but still there is a long-term rise 

of PC incidence in the whole region, probably explained by the increasing 

impact of Western lifestyle and diet (Center et al., 2012; Hsing et al., 2000). 

The major differences of PC incidence worldwide (up to 25 times) can 

be attributed mostly to the different practices of PC diagnostics in different 

regions. The rate of PC diagnoses in the more developed regions of the world 

increased by 81% after the introduction of PSA testing, compared to the digital 

rectal examination alone (Baade et al., 2009; Catalona et al., 1994;             

Kvale et al., 2007; Potosky et al., 1995). This has enabled the detection of a 

large number of clinically insignificant cases of PC, thus resulting in massive 

hyperdiagnosis. Prior to the introduction of PSA testing, cases of PC in the 

more developed regions of the world were often discovered while performing 

surgery for benign prostate hyperplasia (TURP), when the stage of PC was 

interpreted as T1a or T1b, with the PC component in the histologically 

examined material comprising < 5% or > 5%, respectively                      

(Potosky et al., 1990). It has been established that 23 – 42% of PC cases in 

Europe and the USA have been detected due to hyperdiagnosis by the 

commonly used PSA test (Draisma et al., 2009; Etzioni et al., 2002). 

Comparing the PC diagnostics worldwide and in Latvia, it can be concluded 

with certainty that hyperdiagnosis is a problem in Latvia as well, as indicated 

by the increased fraction of patients with T1 stage of PC.  

Considering the global trends and comparing the dynamics of PC 

incidence in Latvia and worldwide, it is clear that the data about the incidence 
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of PC in Latvia have been subjected to essentially the same fluctuations as 

observed in the more developed regions of the world. The only major 

difference is the delay by 5–15 years, which generally can be explained by the 

later introduction of PSA testing and other state-of-art technologies and 

surgical techniques (TRUS, TURP) in Latvia. 

The trends observed for different age groups in Latvia are not the same: 

there has been a steady increase of PC incidence in patients younger than 

60 years of age, with AAPC 10.3 (95% CI 9.3; 11.3), which is the 

highest indicator among all age groups. This trend can be explained by the long 

efforts to draw the attention of Latvian society to the problem of PC 

and the recommendations for men to undergo scheduled health check-ups 

(after 50 years of age at the end of the 20th century and the beginning of 

the 21st century), currently it is recommended already for men over 40 years of 

age, and even 5 years earlier for men with family history of PC. On the other 

hand, in the age groups of 70–79 and 80 + years an increasing incidence of 

PC was observed until year 2005 and 2003, respectively, followed by a 

statistically insignificant decrease of PC incidence in both of these 

groups. It can be asserted that this decrease in the incidence of PC was due 

to the long known and implemented concept promoted by European 

Urological Association that the PSA test is not economically justified and 

thus not recommended for men over 75 years of age. Certainly, it does not 

mean that PSA tests are not prescribed for patients older than 75 years of 

age, if they show the clinical signs of PC. Both of these trends should be viewed 

as positive, because cases of PC in younger men are diagnosed at earlier 

stages, when the life expectancy is relatively long and watchful waiting or 

radical therapy can be prescribed, depending on the risk group for PC. On 

the other hand, older men are spared unnecessary stress and medical expenses 

by foregoing the search for PC that will not be their likely cause of death. 
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The standardized prevalence of PC increased from the year 1990 until 

2014 with AAPC 8.5 (95% CI 7.2; 9.8). A particularly rapid increase of PC 

prevalence was observed from the year 1998 until 2005, with APC 12.0. Such 

dynamics of PC prevalence can be explained by the synergy of several factors, 

the interaction of which have increased the prevalence of PC. Undeniably, such 

an increase of PC prevalence can be linked to the increase of PC incidence due 

to the reasons that were already described. However, the number of PC patients 

has grown seven-fold during the considered time period, which cannot be 

explained with the improved diagnostics of PC. It is very important to note that 

PC is relatively less lethal than other malignant tumours. That was reflected 

first of all in the mortality during the first year after diagnosis, which at the 

beginning of the considered time period practically did not exceed 30%, but at 

the end of the same time period was 15% on average. This relatively good 

prognosis was also clearly reflected in the 5, 10, and 15 year cancer-specific 

survival. The lethality of PC, which directly indicates the ratio between the 

number of deaths caused by PC and the occurrence of PC, decreased fourfold 

during the considered time period, once again confirming the relatively good 

prognosis of PC and indirectly pointing to the increased fraction of early PC 

stages.  

The standardized prevalence of PC revealed by prevalence studies in 

Europe at the beginning of the considered time period was typically 3 times 

higher than in Latvia (in Sweden – even 7 times higher) (Forman et al., 2003; 

Micheli et al., 2002). Even though there was a sharp increase of PC prevalence 

in Latvia, there was an increase in other European countries as well. According 

to IARC data, the highest standardized prevalence of PC in year 2012 was 

observed in Scandinavian countries and in France, surpassing the prevalence in 

Latvia by approximately 2 times. Thus, it is certain that Latvia will not 

approach such a high prevalence of PC in the near future, because the average 

life expectancy of males in these countries differs from that in Latvia by more 
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than 10 years, leading to a high prevalence of PC, which may further increase 

in the future. 

The prevalence of PC is growing in all age groups, but the most rapid 

increase of prevalence was observed in the group of men <60 years old, with 

AAPC 11.8 (95% CI 9.7; 13.9), which was explained by the largest increase of 

PC incidence in this group. 

According to the Central Statistical Bureau of Latvia, there were 412 

592 deaths of males in Latvia from year 1990 until 2014, of which 1.5% died 

from PC. The share of PC deaths among malignant tumours during year 1990 

was 5.6%, but almost doubled by 2009, reaching 10.8%.  

The standardized mortality of PC increased from year 1990 until 2006 

with APC 4.8%, reaching 28.6 (for 100 000 p.y.) in 2006, one of the highest 

mortalities in the world along with the other Baltic countries, Scandinavia, and 

the Caribbean region (Center et al., 2012; Ferlay et al., 2015; 

Hsing et al., 2000). Such an increase of mortality as in Latvia is characteristic 

for countries with similar practices of PC diagnostics and therapy, when the 

initiation of active campaigns for the diagnostics of PC initially result in 

increased mortality following the growth of observed incidence. After the rapid 

increase of standardized mortality in Latvia, a statistically insignificant 

decrease was observed until year 2014, with APC ─ 0.5. Even though the 

decrease of PC mortality was small, it should be considered as a positive trend, 

at least as a sign of stabilization. This trend was also characteristic for other 

countries with similar practices of PC diagnostics and treatment, only these 

trends were delayed in Latvia, the same as the rising incidence of PC. The 

decrease of standardized mortality due to PC was also observed in most of the 

North and South America, as well as in Western and Northern Europe 

(Center et al., 2012; Ferlay et al., 2015; Hsing et al., 2000). It is believed that 

the stabilization or decrease of mortality both in Latvia and elsewhere in the 

world must be linked to the successful early diagnostics of PC that enables 
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effective treatment of average and high-risk PC cases, as well as the 

introduction of advanced medications for the treatment of castration-resistant 

PC, which statistically significantly improve the survival. Also, it is clear that 

the decrease of PC mortality was also affected by the large number of identified 

low risk PC cases, where the 10-year cancer-specific survival exceeded 90% 

even with watchful waiting and no treatment. The explanation of standardized 

PC mortality trends has been also confirmed by an interesting difference 

between the cancer-specific PC mortality and lethality trends. The fraction of 

cancer-specific mortality due to PC increased three-fold during the considered 

time period (the larger the number of identified PC cases, the larger will be the 

long-term number of deaths due to PC), while the lethality due to PC decreased 

almost five-fold (as a result of early diagnosis, partially hyperdiagnosis, and 

effective treatment). 

The mortality due to PC in the age groups of < 60 years and 60–69 years 

increased during all the considered time period, while in the age groups of 

70–79 and 80 + years the relatively large increase up to the year 2006 was 

followed by a decrease in PC mortality. These similar trends in the two younger 

and two older age groups can be explained by the transition of successfully 

treated or monitored patients from the younger age groups to the next age 

groups, thus reducing the cancer-related mortality in the older age groups.  

Previous studies of the trends in PC epidemiology in Latvia 

demonstrated a growth of incidence, prevalence, and mortality until year 2004 

(Lietuvietis, 2006; Lietuvietis et al., 2002). Our analysis has shown that the 

age-specific incidence and standardized overall mortality decreased in several 

age groups after year 2004, which can be definitely attributed to the successful 

efforts by urologists in Latvia. 

The fraction of patients who died during the first year after diagnosis 

decreased by nearly 2 times over the considered time period. This observation 
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allows us to conclude that an increasing number of cases have benefitted from 

early diagnosis. 

The overall and cancer-specific 5 year survival rate of PC patients 

improved (nearly doubled) when comparing the beginning and end of the 

considered time period, reaching 65.0% (95% CI 65; 67) and 75.1% 

(95% CI 73.3; 76.9), respectively for the PC patients diagnosed between years 

2008 and 2010. Similar trends were also observed for the overall and cancer-

specific 10 year survival rate, which increased by approximately 50% when 

comparing the beginning and end of the considered time period, reaching 

31.2% (95% CI 29.2; 33.2) and 49.9% (95% CI 47.5; 52.3), respectively for the 

PC patients diagnosed between years 2002 and 2004. The cancer-specific 15 

year survival rate during the considered time period showed a slower increase, 

only by 3%. Despite the generally positive trends of improving survival rates, 

these results are still inadequate, because the cancer-specific 5 year survival 

rate in countries using the PSA test has exceeded 90% (Paquette et al., 2002). 

During a study about the natural progression of early stage PC in Scandinavian 

countries, the patients either did not receive therapy, or were treated with 

hormonal drugs in the case of locally advanced or metastatic PC. The overall 

15 year survival rate in that study was 21.5%, and the cancer-specific 15 year 

survival rate was 80.3% (Popiolek et al., 2013). On the other hand, the overall 

15 year survival rate in Latvia never exceeded 16%, while the cancer-specific 

15 year survival rate did not exceed 31%. It should be taken into account that a 

5% difference in the overall 15 year survival rate results in a nearly three-fold 

difference in the cancer-specific 15 year survival rate. This massive difference 

in results can be explained by the simultaneous influence of several factors. The 

Scandinavian study included patients at stages T1 and T2, while the study in 

Latvia considered all cases of PC, including those at locally advanced stages 

and metastatic PC. It is also of clear importance that, according to the Central 

Statistical Bureau of Latvia, the average life expectancy of males in Latvia 
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during the considered time period varied from 63 to 68 years, which was 

shorter by 3 to 8 years than the average age of PC diagnosis. It is clear that the 

data about mortality and cancer-specific survival rates are often controversial, 

because the actual cause of death for many PC patients may be different, as in 

the aforementioned Scandinavian study, where only 17% of patients died 

specifically of PC over 32 year time period (Popiolek et al., 2013). Our opinion 

was also supported by a study from USA with PC patients at stages T1 and T2, 

where the cancer-specific 10 year mortality was relatively low and varied 

between 8.3% and 25.6%, depending on the tumour cell grade 

(Lu-Yao et al., 2009). 

The analysis of T stages revealed a great excess of the unspecified TX 

stage at the beginning of the considered time period, which decreased by more 

than 2 times until the end of the considered time period, primarily due to the 

introduction of advanced diagnostics of PC, and also improved statistics. 

Certainly, all stages of PC were represented in the TX category, but indications 

of the actual prevalence can be found from the analysis of overall and cancer-

specific survival rates by individual T stages in Figures 4.18. and 4.21. As 

clearly shown by both graphs, both the overall and cancer-specific survival 

rates show very similar curves for the TX stage and T3 stage, and is quite 

different from the curves characteristic for other stages. This finding allows to 

confirm that the TX stage mostly contained advanced cases of PC. Thus, it can 

be concluded that the share of early stage PC cases in Latvia during all the 

considered time period was less than 50%, providing an additional explanation 

for the relatively low survival rates of PC patients in Latvia. 

It can be stated with certainty that the relative dynamics of the known T 

stages clearly reflected the beginning of PSA testing in Latvia in the middle of 

1990s, when the fraction of stages T1 and T2 started to increase. Without a 

doubt, the relative increase of stage T1 was also facilitated by transurethral 

prostate surgery, introduced in Latvia and rapidly promoted in the middle of 
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1990s, leading to the formation of subtypes T1a and T1b of the T1 stage. 

Nevertheless, the fraction of T1 stage did not exceed 10% prior to year 2010. 

This can be explained by the fact that the clinical cT1 stage was typically 

treated surgically prior to 2010, and the pathological stage had definitely 

advanced past stage T1, and was probably T2 or T3, as reflected by the 

dynamics of stages T2 and T3: these stages showed the largest growth during 

the considered time period both by occurrence and the share of the total patient 

population. The fraction of stage T1 still clearly increased after year 2010, 

reaching 13% in year 2014, and it can be concluded with certainty that its 

fraction will continue to rise. This view is also supported by the fact that an 

increasing number of patients with PC that is deemed to have a low risk of 

progression are offered watchful waiting with anticipated radical therapy in the 

future, when the analyses will indicate a moderate or high risk of PC 

progression. The current concept of “active surveillance” appeared in the 

guidelines of European Association of Urology for the first time in 2008, and 

was previously known as “ active monitoring”. Even though active monitoring 

is a common approach worldwide, it is often difficult or impossible to convince 

oncological patients in Latvia that treatment should be postponed, despite the 

high probability that the treatment will decrease the quality of life, with the 

most significant problems being urinary incontinence and erectile dysfunction. 

The relative dynamics of early and locally advanced stages of PC also 

reflect the previously mentioned influence of PSA testing on the diagnosis of 

PC at early stages, which is essentially the whole purpose of PSA testing. The 

fraction of early PC stages has increased since 1997, exceeding 50% after 2005, 

and continues to increase, which certainly is a positive trend. A comparative 

study of cancer-specific mortality based on data from the SEER cancer register 

in the USA showed that the introduction of routine PSA testing has reduced the 

cancer-specific 10 year mortality of PC patients by more than 50% 

(Lu-Yao et al., 2009). The results in Latvia have been less striking, but 
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nevertheless optimistic, because the standardized mortality since year 2006 has 

shown a slight decrease with APC ─ 0.5, which is statistically insignificant, but 

proves that the standardized mortality due to PC has not increased after 2006. 

The overall and cancer-specific survival rate of PC patients at early 

stages and locally advanced stages significantly differed (by up to 3 times), as 

should have been expected. Although the overall survival rate and cancer-

specific survival rate at early stages of PC was significantly better than at 

locally advanced stages, these results cannot be considered satisfactory, 

because the cancer-specific 15 year survival rate in a Swedish study of early-

stage PC exceeded 80% (in Latvia – 64.1%) (Popiolek et al., 2013). An 

explanation for this difference was based on the analysis of survival rates 

independently of the T stages. 

The evaluation of epidemiological data must account for the 

considerable migration that occurred in Latvia immediately after the restoration 

of independence in 1990 and continues to this day. The true scale of migration is 

difficult to calculate, because various information sources indicate 

a significant role of undocumented migration, which is not reflected in 

the official statistics. This situation can certainly affect the data about 

PC incidence, prevalence, and mortality. 

4.2. Comparison of familial and sporadic PC 

Among the 1175 PC patients included in the study, 12 (1.02%) matched 

the criteria of definitive hereditary PC. Other studies have shown that 9–10% of 

all PC cases are hereditary (HPC) (Hemminki, 2012). This difference is quite 

considerable, and should be due to the relatively low number of family 

members in Latvia. The fertility index in Latvia between years 2000 and 2012 

varied within the range of 1.22–1.59. Certainly, the low birth rate and small 

families for several generations do not affect the real percentage of hereditary 
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PC, but often prevent the clinical identification of such cases. The situation is 

similar to the identification of other types of hereditary cancers in Latvia. For 

example, only 1.7% of sequential breast cancer patients in Latvia match the 

criteria for hereditary breast cancer (Gardovskis et al., 2005), but determination 

of BRCA1 founder mutation for all patients of this group revealed that up to 

5.5% of breast cancer cases were hereditary. It should be pointed out that the 

share of hereditary breast cancer in epidemiological study performed in the 

Valka region of Latvia was determined to be as high as 6.8%, despite the fact 

that the majority of identified families lacked founder mutations in the BRCA1 

gene (Vanags et al., 2010). Similarly, mutations of the BRCA2 gene were 

found in breast cancer patients with family history that did not indicate the 

hereditary nature of this cancer (Berzina et al., 2013). Even more difficult was 

the identification of Lynch syndrome in the families of Latvia: many families 

with medical history pointing to hereditary cancers lacked mutations of DNA 

repair genes, but families with less pronounced medical history carried these 

mutations (Berzina et al., 2012). 

Population studies performed in the Valka region about hereditary and 

familial cancer cases identified the same problem and the authors concluded 

that due to the small size of families in Latvia, it is often difficult to arrive at 

justified conclusions about potentially hereditary conditions by using only the 

medical history of the family (Vanags et al., 2010). The data of that study 

indicated that 0.6% of PC cases matched the criteria of HPC 

(Vanags et al., 2010). We should note that this number was very close to our 

result of 1.02% 

Thus, it has been reliably established that the identification of hereditary 

PC cases in Latvia is complicated by the small family size with poorly known 

medical history (relatives are often unaware about the medical history of their 

parents and, especially, grandparents and/or offer contradictory information), 

the lack of founder mutations, as well as the lack of clear “leader genes” 
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(for example, BRCA1 in the cases of breast and ovarian cancer), as only about 

30% of familial PC cases can be attributed to the 100 genes known to 

potentially contain cancer-promoting mutations (Eeles et al., 2013). 

Therefore, it can be reliably concluded that the majority of hereditary 

PC cases remain unknown, and the true prevalence of hereditary PC in Latvia 

cannot yet be determined. 

Since no statistically significant differences of Gleason’s score could be 

found between the groups of familial and sporadic PC, we concluded that the 

different cancer-specific survival rates of these groups are not determined by 

the tumour cell grade. 

The average age of patients in the FG at the time of diagnosis was lower 

by 8.3 years than in SG. Our data are very similar to other studies of hereditary 

and familial PC (Gronberg et al., 1996; Hemminki, 2012). 

The cancer-specific 10 year survival rate in the FG was 23% higher than 

in the SG, and could be explained by the better awareness of family members in 

the FG about the cancer risk and importance of screening. For this reason, the 

men in families affected by PC more reliably and regularly undergo check-ups 

by general practice doctors and urologists, performing the necessary tests for 

prevention and early diagnosis of PC. 

The groups of familial and hereditary PC represent a small fraction of 

the general population, thus it can be asserted that state-sponsored PC screening 

of these groups is entirely justified both medically and economically. 

4.3. The analysis of del5395 mutation in CHEK2 gene 

The current results confirm the assumption that CHEK2 del5395 is the 

founder mutation in Latvian and Eastern European populations, but no 

statistically reliable link of this mutation with increased risk of prostate, 

colorectal, breast, or ovarian cancer development was found. The frequency of 
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CHEK2 del5395 mutation in BC patients (0.68%) was somewhat lower than in 

studies from Poland (Cybulski et al., 2007; Myszka et al., 2011), Czech 

Republic, and Slovakia (Walsh et al., 2006), while the frequency of CHEK2 

del5395 mutation among patients of ovarian cancer (1.0%) was similar to that 

reported in the aforementioned studies.  

The relatively higher frequency of CHEK2 del5395 mutation in the 

control group of blood donors, against which the other groups were compared, 

decreased the OR value for all groups of tumours. 

The survivors of Chernobyl cleanup suffered high levels of radiation 

exposure that has been linked with DNA damage or double-strand breaks, 

increasing the risk of malignant tumours (Eglite et al., 2009). Ionizing radiation 

is one of the factors that activate the CHEK2 gene. It encodes a protein that 

interacts with a cascade of other proteins, including the tumour suppressor p53 

protein (encoded by TP53 gene). These proteins arrest cell division and 

determine the extent of DNA damage. DNA repair is initiated, if possible. In 

case if the DNA damage is irreparable and the integrity of DNA cannot be 

restored by the cell, a self-destruction of cell or apoptosis is initiated. Such a 

process prevents further proliferation of cells carrying mutations or damaged 

DNA, resulting in tumour prevention (Bartek and Lukas, 2003). If there is a 

link between mutations in the CHECK2 gene and development of malignant 

tumours, it should be manifested most clearly in the group of Chernobyl 

cleanup survivors. It was assumed that the carriers of CHEK2 del5395 mutation 

should be more sensitive to ionizing radiation, thus more likely to develop 

malignant tumours. There were 51 patients (9.6%) with various types of 

malignant tumours among the Chernobyl survivors, but none of them were 

carriers of the CHEK2 del5395 mutation. 

The geriatric group was formed to evaluate the potential effect of 

CHEK2 del5395 mutation on the mortality. If there was a correlation between 

the presence of CHEK2 del5395 mutation and increased incidence of malignant 
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tumours and mortality in the population, the geriatric group should have a 

lower incidence of CHEK2 del5395 mutation. However, no statistically 

significant difference was found between the frequency of CHEK2 del5395 

mutation in the control group of blood donors and the geriatric group 

(OR = 0.89; 95% CI 0.13 – 5.28; p = 1). The results of both non-oncological 

study groups thus did not confirm the role of CHEK2 del5395 mutation in the 

initiation of tumour development, at least in the population of Latvia. Even 

though no close link was discovered between the CHEK2 del5395 mutation and 

the risk of prostate, colorectal, breast, or ovarian cancer development, further 

research should take into account the environmental and genetic factors that 

together with the CHEK2 del5395 mutation may increase the risk of malignant 

tumour development. 
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5. CONCLUSIONS

1. The incidence and prevalence of PC in Latvia increased from year 1990

until 2014 (especially in the age group of < 60 years old patients), but

the mortality decreased (especially in the age group of 70–80 + years).

2. The cancer-specific 5, 10, and 15 year survival rate of PC patients in

Latvia increased from year 1990 to 2014, while the mortality in the first

year after diagnosis decreased.

3. The fraction of PC cases in Latvia that were at unknown stage decreased

from year 1990 until 2014, while the fraction of early stages (T1, T2)

increased.

4. The patients with familial PC were younger by 8.3 years than the

patients with sporadic PC, and the cancer-specific 10 year survival rate

for patients with familial PC was 23% higher than that of patients with

sporadic PC (p = 0.0237).

5. The CHEK2 del5395 mutation has founder effect in the Latvian

population, but it does not affect PC (as well as ovarian, breast, and

colorectal cancer) incidence and mortality.
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6. PRACTICAL RECOMMENDATIONS

1. Men with family history of hereditary or familial PC should start testing

for PC prevention from the age of 42 years.

2. Men with family history of hereditary or familial PC should consult with

physician specialized in hereditary cancer.

3. The costs of prophylactic testing for men with family history of

hereditary or familial PC should be covered from the budget of the

Ministry of Health.
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