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Abstract 

Background  The crude mortality rate and the lifetime mortality risk from prostate cancer in Germany are 
above international average. However age-standardised mortality and years of life lost per capita from prostate cancer 
are declining. This study analyses the mortality-related measures for the federal state of North Rhine-Westphalia 
(NRW) in Germany.

Methods  Based on the cause of death statistics and data from the NRW State Cancer Registry on 45,300 deaths 
in the years 2007–2021, mortality rates, the lifetime mortality risk from prostate cancer, median age at death and years 
of life lost are presented. Additionally, the 15 most frequent causes of death of 95,013 patients diagnosed with pros-
tate cancer are reported.

Results  With a stable lifetime mortality risk from prostate cancer, age-standardised mortality and years of life lost 
per capita are decreasing while crude mortality and median age at death are increasing in NRW. Less than half 
of the patients die from their prostate cancer. Cancers of the urinary bladder and other urinary organs also occur more 
frequently as a cause of death than it would be expected based on the age-specific risk in the total population.

Conclusions  More people in North Rhine-Westphalia are dying of prostate cancer over time due to demographic 
ageing alone. At the same time, the age-specific mortality risk has not increased and when patients die of pros-
tate cancer, it is at an increasingly older age. However, there is a statistical association with deaths from cancers 
of the lower urinary tract in patients diagnosed with prostate cancer, which demands further evaluation.

Keywords  Prostate cancer, North Rhine-Westphalia, Germany, Cancer registry, Mortality, Person years life lost, 
Proportional mortality ratio

Background
In 2020, prostate cancer was responsible for a roughly 
estimated 375,000 deaths in the 185 countries of the 
Global Burden of Cancer (GLOBOCAN) database. 
This corresponded to four per cent of all cancer-related 
deaths, making prostate cancer the eighth leading cause 
of cancer-specific death. This translates to an age-stand-
ardised mortality rate of eight deaths per 100,000 per-
son-years (world standard population). The estimated 
cumulative risk of dying from prostate cancer between 
birth and 74 years of age was less than one per cent, 
although competing risks were not taken into account 
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and there were substantial differences between countries 
[1].

More than half of the deaths in the 185 countries 
occurred over the age of 65 [2]. Around 109,000 deaths, 
or 29 per cent, occurred in Europe [3]. In the same 
study, it is estimated that by 2040, the absolute mortal-
ity will increase by 92 per cent to around 720,000 deaths 
per year. For Europe, an increase in absolute mortality 
of 53 per cent to 166,000 deaths per year is forecasted. 
On the other hand, the age-standardised mortality rate 
(world standard population) has begun to fall around 
the mid-1990s in the countries of Western Europe (with 
the observation period of the study cited here ending in 
2014) [4].

In Germany, 15,040 men died from prostate cancer in 
2019. This corresponded to 12 per cent of all male can-
cer deaths (excluding ICD-10 code C44), making it the 
second most common cause of cancer-specific death. 
The age-standardised mortality rate based on the old 
European standard population was 19 deaths per 100,000 
person-years in Germany. Due to the use of different 
standard populations, this rate cannot be directly com-
pared to the aforementioned age-standardised mortality 
rate of eight deaths per 100,000 person years in the GLO-
BOCAN-dataset. The age-standardised mortality rate in 
Germany declined between 1999 and 2006. Since then, a 
relatively constant course has been observed. The median 
age at death  in 2019 was 81 years. Taking into account 
competing causes of death, the lifetime risk of dying from 
prostate cancer in Germany was three per cent. The risk 
of developing the disease was 14 per cent [5].

At the moment, there is no organised screening pro-
gramme for prostate cancer in Germany. Instead, 
opportunistic screening with an annual digital rectal 
examination for men aged 45 and over is recommended 
and payed for by the health insurance companies. The 
PSA test is a self-pay service that is also recommended to 
this population after detailed explanation of the pros and 
cons of PSA testing [6].

The mortality-related burden of a disease can be meas-
ured by the loss of potential life years. For patients who 
died of prostate cancer in the US in 2015, this resulted 
in 289,000 potential years of life lost in total and 10 years 
per deceased patient [7]. Despite a comparatively high 
incidence, prostate cancer caused only two per cent of 
the total years of life lost to cancer [8]. A more recent 
study from Oxford (UK) found an age-standardised 485 
years of life lost per 100,000 person-years in the US, 442 
(France) to 628 (Netherlands) years of life lost in Western 
Europe and 585 in Germany [9]. A downward trend has 
been observed in both the US and Western Europe since 
2000. The Robert Koch Institute’s BURDEN 2020 project 
calculated that a total of 3.3 million years of life were lost 

to cancer in Germany in 2017. Around 200,000 of these, 
or six per cent, were attributable to prostate cancer as the 
primary cause of death [10].

Prostate cancer therefore is a disease with a lower mor-
tality rate  as compared to other entities, which particu-
larly affects ageing societies. Against this background, 
this article addresses the following questions in relation 
to the population of North Rhine-Westphalia (NRW), 
Germany: How many people die of prostate cancer each 
year and at what age? How likely is it to die of prostate 
cancer in the course of a lifetime and how many potential 
years of life are lost as a result? What causes the death 
of patients with prostate cancer and how frequently do 
these causes of death occur in relation to the general 
population?

Methods
For this study, data from the NRW State Cancer Regis-
try was used for the years 2007 to 2021. In Germany, the 
diagnosis, treatment and progression of cancer is subject 
to statutory reporting requirements by medical service 
providers since 2005. The database of the NRW state can-
cer registry represents a population of circa 18 million 
residents. Its completeness in relation to incident cases is 
estimated at over 90 per cent across all entities [5]. The 
NRW State Cancer Registry also functions as a mortal-
ity registry that receives death notifications from both 
the clinicians and the registry offices. The cause of death 
information on deceased subjects is reported to the can-
cer registry by the State Office for Information and Tech-
nology (IT.NRW).

On this basis, mortality rates, mortality risks, the 
median age at death and the potential years of life lost 
due to prostate cancer as well as the most common 
causes of death and the respective age-standardised 
and age-specific proportional mortality ratios (PMR) of 
patients with prostate cancer were calculated. The annual 
percentage change (APC) over the study period was 
estimated in order to depict long-term trends over time 
rather than random variation. This was done by fitting 
regression lines to the natural logarithm of the annual 
outcome measures by use of calendar years as the predic-
tor variable. The APC was then calculated based on the 
regression coefficient (b) as: APC = (eb − 1) ∗ 100 . The 
95% confidence intervals of the APCs were derived from 
a t-distribution [11].

The analyses were based on two different types of regis-
try data. The calculation of mortality rates and risks was 
based on the official cause of death statistics by (male) 
sex and 5-year age groups for the mortality years 2007 
to 2021. In contrast, the calculation of median age at 
death, years of life lost, causes of death and proportional 
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mortality ratios was based on data from the state cancer 
registry to the database status as of June 30, 2023.

All persons considered in the analysis of mortality rate 
and risk, median age at death and years of life lost died 
from prostate cancer (ICD-10: C61) in the years 2007 
to 2021. They were registered as residents of NRW. For 
the derivation of the most frequent causes of death and 
the proportional mortality ratios, the inclusion crite-
rion referred to the diagnosis C61 instead of the cause 
of death meaning this study cohort consists of patients 
who were diagnosed with prostate cancer and died sub-
sequently from any cause in the period 2007 to 2021.

A presentation of the study cohorts can be found in 
Table 1. The number of cases (n) depends on the outcome 
measure. A difference between the official statistics and 
the data from the state cancer registry is due to the fact 
that in rare cases the record linkage between the reports 
of deaths by the registration offices and the causes of 
death by IT.NRW was not possible for technical reasons.

The mortality rate by calendar year was calculated on 
a crude, age-specific and age-standardised basis. The 
age standardisation was carried out according to the old 
European standard population [12].

The calculation of the lifetime mortality risk was based 
on the ‘current probability’ method according to Fay, 
which takes competing risks into account [13]. In addi-
tion, the cumulative mortality risk up to and including 84 
years was calculated, which did not correct for competing 
risks. The ‘DevCan’ programme of the National Institute 
of Cancer (NIC) was used for the calculation of the life-
time mortality risk [14]. In addition to this software, the 
statistical analysis was performed using the programme R 
in version 4.2.1. The estimations of lifetime mortality risk 
and median age at death were based on non-parametric 
methods, meaning that symmetrical confidence intervals 
did not necessarily result.

The calculation of potential years of life lost due to 
prostate cancer required knowledge of age-specific life 

expectancies. The latter was calculated individually as 
the sum of age and remaining life expectancy. This data 
was taken from the IT.NRW mortality tables [15]. The 
discontinued remaining life expectancy of over 100-year-
olds was equated with that of 100-year-olds. As no mor-
tality tables were available for the year of death 2021, 
the figures for 2020 were used. The absolute years of life 
lost for n deceased persons were calculated as follows: 

n
i=1

Life Expectancy− Age at Deathi.
With regard to the causes of death of patients with 

prostate cancer, the 15 most common ICD-10 codes were 
identified at a three-digit level. The age-standardised 
PMR (for a specific cause of death) was calculated as the 
ratio between the observed deaths among patients and 
the expected deaths. The expected deaths are calculated 
as the sum of the products of the number of people in 
the study population in the respective age groups and the 
proportionate mortality in the age-matched reference 
population of deceased males in NRW. A Poisson distri-
bution was assumed regarding the 95 per cent confidence 
intervals [16]. An additional age-specific presentation of 
the PMRs refers to the age at the time of death.

Results
Figure  1 shows the annual age-specific mortality rates 
for prostate cancer per 100,000 men with APCs and 95% 
confidence intervals. The mortality rate is declining in 
three of the four age groups. Only the open age group of 
85 + years shows a constant trend.

In addition, the crude and age-standardised mortal-
ity rates are shown in Fig.  2 with APCs and 95% confi-
dence intervals. While the crude mortality rate rose from 
29.0 to 36.8 between 2007 and 2021 (with a maximum 
in 2020), the age-standardised rate fell from 20.5 to 18.1 
over the same period. This means that the age-stand-
ardised rate in 2021 corresponds to the minimum of the 
period under review.

Table 1  Characteristics of the study cohorts with either death from or diagnosis of prostate cancer. Data from North Rhine-Westphalia, 
Germany, 2007–2021

Measure Criteria Data source n Person years

Cumulative mortality risk Cause of death: C61 Official cause of death statistics 46,354 -

Lifetime mortality risk Cause of death: C61 Official cause of death statistics 46,354 -

Median age at death Cause of death: C61 Cancer registry data 45,300 171,898

Years of life lost Cause of death: C61 Cancer registry data
 + official cause of death statistics

45,300 171,898

Causes of death Diagnosis: C61
 + Death from any cause

Cancer registry data 95,013 490,140

Proportionate mortality ratios Diagnosis: C61
 + Death from any cause

Cancer registry data
 + official cause of death statistics

95,013 490,140
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Figure  3 shows the development over time of the 
median age at death, the lifetime mortality risk and the 
years of life lost per capita to prostate cancer with 95% 
confidence intervals as vertical lines. The median age 
at death rose from 78.4 to 82.2 years between 2007 and 
2021. The APC is + 0.3 per cent (95% CI: [+ 0.3%; + 0.4%]).

The lifetime mortality risk of dying from prostate can-
cer, taking into account competing causes of death, is 
about three per cent over time. Although the risk has 
transiently risen to 3.7 per cent in 2011, the APC is -0.2 
per cent [-0.9%; + 0.5%], meaning that no clear time trend 
is discernible. In contrast, the cumulative mortality risk 
(up to and including the age of 84 years) decreased by 0.6 
percentage points from 3.6 per cent in 2007 to 3.0 per 
cent in 2021. The resulting APC is -1.6 per cent [-2.0%; 
-1.2%].

The years of life lost per capita due to prostate cancer 
have decreased from 9.4 years in 2007 to 8.3 in 2021. The 
APC is -1.0 per cent [-1.1%; -0.8%]. The development of 
years of life lost thus mirrors that of the median age at 
death. Table  2 contains the numerators and denomina-
tors of these years of life lost. I. e. the absolute years of life 
lost by year of death in NRW and the respective number 

of deceased persons with prostate cancer as the cause of 
death.

Overall, 612 patients with incident prostate cancer died 
from COVID-19, 249 patients in 2020 and 393 patients 
in 2021. This corresponds to 2.8 and 4.3 per cent respec-
tively of all patients with incident prostate cancer who 
died in the according year (CAVE: unlike previously, C61 
as inclusion criterion for this analysis refers to the diag-
nosis and not the cause of death).

Table 3 illustrates the 15 most common causes of death 
of incident prostate cancer patients who died between 
2007 and 2021 with absolute and relative frequencies, 
PMRs and 95% confidence intervals (CI). Less than half 
of the 95,013 patients (44.5%) died from prostate cancer. 
Specifically, the PMR is 12.0, which means that the num-
ber of deaths in the study population is 12 times higher 
than the number that would be expected based on their 
age structure and the proportionate mortality in the ref-
erence population. Further PMRs greater than one result 
for cancers of the urinary bladder (C67: 1.71) and ‘other 
and unspecified urinary organs’ (C68 including the ure-
thra, C68.0: 2.31). The remaining 12 of the 15 most com-
mon causes of death occur less frequently within the 

Fig. 1  Age-specific prostate cancer mortality rates by year of death. Data from North Rhine-Westphalia, Germany, 2007–2021, n = 46,354
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study population than would be expected based on its 
age structure resulting in PMRs below one.

Similarly, the age-specific analysis in Table  4 shows 
PMRs above one only for C61, C67 and C68. For these 
ICD-10 three-digit codes, there is an increase in all age 
groups compared to the expected number of cases. In the 
group of under 65-year-olds, the number of deaths due 
to cancer of the urinary bladder and other urinary organs 
is increased by a factor of around five compared to the 
expected number of cases. The PMRs for the remaining 
causes of death stay below or equal one in all age groups. 
With increasing age, the observed deaths increasingly 
approach the expected number.

Discussion
In 2021, only in absolute terms more people died of pros-
tate cancer in NRW than in 2007. As the standardisation 
shows, this is due to the demographic ageing of the male 
population. The consequence is also a higher average 
age within the 85 + age group, which could explain why 
the age-specific mortality rate has only remained con-
stant in this group and has not fallen. If the crude annual 

mortality rates are age-standardised, a discrete decline in 
mortality of about one percent per year on average can be 
seen. The lowest age-standardised mortality rate is found 
in the last year of the observation period (2021) with 18.1 
deaths due to prostate cancer per 100,000 person-years. 
This temporal trend runs counter to the course of the 
crude (non-standardised) mortality rate.

A similar, as yet unpublished paper by Karpinski et al. 
deals with the incidence of prostate cancer in NRW and 
for a longer period of time in the NRW administrative 
district of Muenster (Karpinski MJ, Claassen K, Möller 
L, Hüsing J, Kajüter H, Fendler WP, et al.: Incidence and 
survival of patients with prostate cancer in North-Rhine 
Westphalia, Germany, submitted).  The age-standardised 
incidence rate in Muenster clearly rose from 59.6 to 
133.9 cases per 100,000 person years between 1992 and 
2008. From then until 2019, relatively balanced upward 
and downward changes were observed in Muenster 
and NRW, after official recommendations against PSA 
screening at an older age have been issued. The increase 
in the age-standardised incidence rate until 2008 is not 
reflected in our mortality data. This is in line with the 

Fig. 2  Crude and age-standardised prostate cancer mortality rates by year of death. Data from North Rhine-Westphalia, Germany, 2007–2021, 
n = 46,354
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trend described by Bray et al. that a diminishing associa-
tion between the (age-standardised) incidence and mor-
tality rate has been observed over the mortality years 
1993, 2003 and 2010 in Western Europe [4].

A difference between the official cause of death sta-
tistics and the deaths from prostate cancer stored in the 
cancer registry data was mentioned at the beginning. 
However, because the difference remains roughly the 
same over the years, the temporal trend estimates are not 
expected to be biased.

Fig. 3  Median age at death, mortality risk and years of life lost to prostate cancer. Data from North Rhine-Westphalia, Germany, 2007–2021; 
n = 45,300 for median age at death and years of life lost per capita, n = 46,354 for cumulative and lifetime mortality risk
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In 2020 and 2021, COVID-19 was another poten-
tial cause of death for patients with prostate cancer, 
accounting for 2.8 per cent and 4.3 per cent of deaths 
respectively according to the cause of death statistics. 
In the two years, a total of 19,530 people in NRW died 
from COVID-19 [17]. This corresponds to 3.4 and 5.6 

per cent of all deaths respectively, so that no increased 
risk for patients with prostate cancer compared to the 
overall population can be derived from this.

While the median age at death from prostate cancer 
increases within the course of the study period, the life-
time mortality risk remains constant. The latter is to be 
understood as a virtual longitudinal section, because the 
current mortality risks in the respective age groups are 
used to predict the lifetime risk of a newborn today. This 
means that future improvements due to medical-techni-
cal progress in the field of therapies or the possible intro-
duction of risk-based screening are excluded.

The cumulative mortality risk from prostate cancer 
decreases over time because the mortality risk within 
most of the respective age groups is declining. The 
availability of more precise and effective diagnostic and 
therapeutic options for higher-risk prostate cancers pos-
sibly contributes to this dynamic. However, this was not 
analysed as part of the present study. At the same time, 
it becomes more likely to reach the older age groups (in 
which there is a higher risk), because competing causes 
of death also occur less frequently. This results in the 
aforementioned constant lifetime mortality risk, the cal-
culation of which takes into account the development of 
these competing causes of death.

The increasing median age at death indicates that there 
has been a shift in deaths from prostate cancer towards 
older age groups. Although, it is virtually just as prob-
able to die from prostate cancer in 2021 as it has been in 
2007, which can be seen from the missing dynamic in the 

Table 2  Years of life lost to prostate cancer and number of 
deaths by year of death. Data from North Rhine-Westphalia, 
Germany, 2007–2021, n = 45,300

North Rhine-Westphalia, Germany (n = 45,300)

Year of death Years of life lost # Deaths

2007 23 474 2 506

2008 26 100 2 820

2009 25 968 2 795

2010 26 386 2 833

2011 27 449 3 074

2012 25 956 2 907

2013 26 431 2 980

2014 26 368 3 100

2015 26 804 3 071

2016 27 284 3 233

2017 27 137 3 125

2018 27 680 3 236

2019 27 117 3 295

2020 26 580 3 190

2021 25 969 3 135

Table 3  Frequency of the 15 most common causes of death for patients with prostate cancer. Data from North Rhine-Westphalia, 
Germany, 2007–2021, n = 95,013

North Rhine-Westphalia, Germany (n = 95,013)

ICD-10-Code Unicausal cause of death % (n) PMR [95% CI]

C61 Prostate cancer 44,5% (42 256) 12,0 [11,9; 12,2]

I25 Chronic ischemic heart disease 4,4% (4 169) 0,6 [0,5; 0,6]

C34 Malignant neoplasm of the bronchi and lungs 3,7% (3 542) 0,5 [0,5; 0,6]

I21 Acute myocardial infarction 2,6% (2 509) 0,5 [0,47; 0,51]

J44 Other chronic obstructive pulmonary disease 2,3% (2 146) 0,5 [0,49; 0,54]

I50 Heart failure 2,2% (2 059) 0,5 [0,50; 0,54]

R99 Other imprecise or unspecified causes of death 1,8% (1 714) 0,5 [0,5; 0,6]

C67 Malignant neoplasm of the urinary bladder 1,7% (1 590) 1,7 [1,6; 1,8]

C68 Malignant neoplasm of other and unspecified urinary organs 1,5% (1 452) 2,3 [2,2; 2,4]

C25 Malignant neoplasm of the pancreas 1,4% (1 315) 0,8 [0,7; 0,8]

F03 Unspecified dementia 1,2% (1 151) 0,5 [0,48; 0,54]

C18 Malignant neoplasm of the colon 1,2% (1 111) 0,6 [0,55; 0,61]

J18 Pneumonia, pathogen unspecified 1,1% (1 082) 0,5 [0,46; 0,52]

C80 Malignant neoplasm without indication of location 1,1% (1 008) 0,9 [0,8; 0,9]

I63 Stroke 0,9% (813) 0,5 [0,47; 0,54]
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lifetime mortality risk. The additional consideration of 
the decline in years of life lost suggests that the life expec-
tancy of persons who ultimately die from prostate cancer 
has increased more than the life expectancy in the gen-
eral population. The finding by Karpinski et  al. that the 
relative 5-year survival probability in the NRW admin-
istrative district of Muenster improved notably between 
the 2000–2004 and 2005–2009 diagnosis periods is con-
sistent with this (Karpinski MJ, Claassen K, Möller L, 
Hüsing J, Kajüter H, Fendler WP, et  al.: Incidence and 
survival of patients with prostate cancer in North-Rhine 
Westphalia, Germany, submitted).

For more in-depth future research approaches, it is 
advisable to consider not only quantitative measures like 
survival and years of life lost due to prostate cancer. Also 
of interest are the years from the onset of the disease, 
which are spent with a reduced quality of life as a result.

Slightly less than half of the patients with prostate 
cancer (45%) die from their condition and not from 
other causes. This could be due to the fact that oppor-
tunistic PSA screening also detects low-grade prostate 
cancers, with some of them falling into the category of 
overdiagnosis.

The PMRs show that twelve of the 15 most common 
causes of death in patients diagnosed with prostate can-
cer in NRW occur less frequently than in the reference 
population deceased in the same age. This is primarily an 
expression of the competition among the different causes 
of death (if more people die from prostate cancer, less 
people can die from other causes).

Not only prostate cancer, but also cancers of the uri-
nary bladder and other urinary organs occur more 
frequently as a cause of death than expected. With a rela-
tively increased risk of 70 and 130 per cent respectively, 
they are the eighth and ninth most common causes of 

Table 4  Proportional mortality ratios of the 15 most common causes of death for patients with prostate cancer. Data from North 
Rhine-Westphalia, Germany, 2007–2021, n = 95,013

North Rhine-Westphalia, Germany (n = 95,013)

PMR [95% CI]

ICD-10-Code Unicausal cause of death  < 65 Years 65–69 Years 70–74 Years 75–79 Years 80–84 Years  > 85 Years

C61 Prostate cancer 38,9
[37,5; 40,4]

18,3
[17,7; 19,0]

13,0
[12,7; 13,4]

10,6
[10,4; 10,8]

10,1
[9,9; 10,3]

11,6
[11,4; 11,8]

I25 Chronic ischemic heart disease 0,4
[0,3; 0,5]

0,4
[0,4; 0,5]

0,5
[0,4; 0,5]

0,5
[0,5; 0,6]

0,6
[0,56; 0,63]

0,6
[0,55; 0,61]

C34 Malignant neoplasm of the bronchi and lungs 0,4
(0,3; 0,4]

0,5
(0,4; 0,5]

0,5
(0,5; 0,6]

0,6
(0,5; 0,6]

0,6
(0,5; 0,6]

0,6
(0,6; 0,7]

I21 Acute myocardial infarction 0,3
(0,3; 0,4]

0,4
(0,3; 0,5]

0,4
(0,4; 0,5]

0,5
(0,5; 0,6]

0,5
(0,5; 0,6]

0,5
(0,5; 0,6]

J44 Other chronic obstructive pulmonary disease 0,4
(0,3; 0,5]

0,4
(0,4; 0,5]

0,4
(0,4; 0,5]

0,5
(0,5; 0,6]

0,6
(0,5; 0,6]

0,6
(0,5; 0,6]

I50 Heart failure 0,5
(0,3; 0,7]

0,4
(0,3; 0,6]

0,5
(0,4; 0,6]

0,6
(0,5; 0,6]

0,5
(0,5; 0,6]

0,5
(0,46; 0,53]

R99 Other imprecise or unspecified causes of death 0,3
[0,2; 0,4]

0,4
[0,4; 0,5]

0,5
[0,5; 0,6]

0,6
[0,5; 0,6]

0,7
[0,6; 0,7]

0,6
[0,6; 0,7]

C67 Malignant neoplasm of the urinary bladder 4,8
[4,0; 5,6]

2,6
[2,2; 3,1]

2,3
[2,0; 2,6]

1,9
[1,7; 2,0]

1,5
[1,4; 1,7]

1,0
[0,9; 1,1]

C68 Malignant neoplasm of other and unspecified 
urinary organs

5,4
[4,6; 6,4]

3,0
[2,5; 3,5]

2,5
[2,2; 2,9]

2,4
[2,2; 2,7]

1,9
[1,7; 2,2]

1,6
[1,4; 1,9]

C25 Malignant neoplasm of the pancreas 0,6
[0,4; 0,7]

0,7
[0,6; 0,8]

0,8
[0,7; 0,9]

0,8
[0,7; 0,9]

0,9
[0,8; 1,0]

0,9
[0,8; 1,1]

F03 Unspecified dementia 0,1
[0,0; 0,8]

0,4
[0,2; 0,7]

0,3
[0,2; 0,5]

0,6
[0,5; 0,6]

0,6
[0,5; 0,6]

0,5
[0,5; 0,6]

C18 Malignant neoplasm of the colon 0,3
[0,2; 0,5]

0,5
[0,4; 0,6]

0,5
[0,4; 0,6]

0,6
[0,6; 0,7]

0,7
[0,6; 0,8]

0,6
[0,5; 0,7]

J18 Pneumonia, pathogen unspecified 0,5
[0,3; 0,8]

0,4
[0,3; 0,6]

0,5
[0,4; 0,6]

0,5
[0,4; 0,5]

0,5
[0,5; 0,6]

0,5
[0,4; 0,5]

C80 Malignant neoplasm without indication of loca-
tion

1,0
[0,8; 1,2]

1,0
[0,8; 1,2]

0,9
[0,8; 1,0]

0,9
[0,8; 1,1]

0,8
[0,7; 0,9]

0,7
[0,6; 0,8]

I63 Stroke 0,4
[0,2; 0,6]

0,5
[0,4; 0,7]

0,5
[0,4; 0,6]

0,5
[0,4; 0,6]

0,6
[0,5; 0,6]

0,5
[0,4; 0,5]
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death in patients with prostate cancer. With increas-
ing age, the number of observed deaths approaches the 
expected value of the reference population, which indi-
cates that there is a statistical association between the 
incidence of prostate cancer and urinary tract cancer as 
the later cause of death, particularly in the younger age 
groups. However, the design of the present observational 
study does not allow any causal conclusions to be drawn.

In their review of clinical studies, Kinoshita et al. refer 
to the incidence and describe an association between the 
synchronous and metachronous occurrence of prostate 
and bladder cancer. Prostate cancer after bladder cancer 
was described more frequently than vice versa. However, 
the analysis of US, Swiss, Danish, Finnish and Austral-
ian cancer registry data, which is also described in the 
review, does not provide a uniform picture [18].

On the one hand, it is conceivable that the diagnosis 
and treatment of one malignancy increases the probabil-
ity of a second being detected in the sense of a detection 
bias. For example, incidental prostate cancer is regularly 
diagnosed during radical cystoprostatectomy for bladder 
cancer [19]. On the other hand, there is strong evidence 
from epidemiological studies of a moderately increased 
risk of secondary primary tumours of the bladder after 
percutaneous radiotherapy of the prostate. The increased 
risk of bladder cancer is evident both compared to 
patients who have undergone radical prostatectomy 
(without radiotherapy) as well as compared to the general 
population [20–22].

While other authors also note an increase in risk, they 
point out that the absolute incidence risk for secondary 
malignancies is too low to justify disregarding radiother-
apy [23, 24]. There is also an increased risk of secondary 
malignancies after androgen deprivation therapy [25]. 
However, as there is a need for further research, a possi-
ble late toxicity of percutaneous radiotherapy of the pros-
tate should be taken into account, particularly in patients 
with a longer remaining life expectancy, and should at 
least lead to a close monitoring of the urinary bladder.

The association between prostate cancer and death 
from cancer of other urinary organs (C68) is also strik-
ing. With regard to malignancies of the prostatic urethra, 
a misclassification in the documentation of the post-mor-
tem examination could possibly cause a bias. While the 
prostatic part of the urethra is coded as C61 according 
to ICD-10, this topography corresponds to the code C68 
in ICD-O-3 (International Classification of Diseases for 
Oncology). Nevertheless, most cancers of other urinary 
organs in NRW are coded as non-specific (C68.9).

Conclusions
To summarise, more people in North Rhine-Westphalia 
are dying of prostate cancer over time due to demo-
graphic ageing alone. At the same time, the age-specific 
mortality risk has not increased and when patients die of 
prostate cancer, it is at an increasingly older age. How-
ever, there is a statistical association with deaths from 
cancers of the lower urinary tract in patients diagnosed 
with prostate cancer, which demands further evaluation.

Acknowledgements
Not applicable.

Authors’ contributions
KC, PA, HK, AS and MK have made substantial contributions to the conception 
and design of the work. KC, IW, LM and JH were involved in the acquisition, 
analysis and interpretation of the data. KC, VG, BH and AS have drafted the 
work or substantively revised it.

Funding
Not applicable.

Availability of data and materials
The datasets analysed during the current study are not publicly available 
unless they are requested according to section 23 of the NRW State Cancer 
Register Act.

Declarations

Ethics approval and consent to participate
Ethics approval and consent to participate are deemed unnecessary accord-
ing to national regulations, i.e. Section 65c of the Fifth Book of the German 
Social Code in conjunction with the elaborations of the NRW State Cancer 
Register Act (LKRG NRW).

Consent for publication
Not applicable due to data aggregation.

Competing interests
The authors declare no competing interests.

Received: 9 June 2024   Accepted: 12 August 2024

References
	1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 

F. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA A Cancer J Clin. 
2021;71:209–49. https://​doi.​org/​10.​3322/​caac.​21660.

	2.	 Rawla P. Epidemiology of prostate cancer. World J Oncol. 2019;10:63–89. 
https://​doi.​org/​10.​14740/​wjon1​191.

	3.	 Ferlay J, Colombet M, Soerjomataram I, Parkin DM, Piñeros M, Znaor 
A, Bray F. Cancer statistics for the year 2020: an overview. Int J Cancer. 
2021;149:778–89. https://​doi.​org/​10.​1002/​ijc.​33588.

	4.	 Bray F, Kiemeney LA. Epidemiology of prostate cancer in europe: patterns, 
trends and determinants. In: Bolla M, van Poppel H, editors. Management 
of prostate cancer. Cham: Springer International Publishing; 2017. p. 
1–27. https://​doi.​org/​10.​1007/​978-3-​319-​42769-0_1.

	5.	 Ronckers C, Spix C, Trübenbach C, Katalinic A, Christ M, Cicero A, et al. 
Krebs in Deutschland für 2019/2020. 14th ed. Berlin: Robert Koch-Institut; 
Gesellschaft der epidemiologischen Krebsregister; 2023.

	6.	 Krilaviciute A, Becker N, Lakes J, Radtke JP, Kuczyk M, Peters I, et al. Digital 
rectal examination is not a useful screening test for prostate cancer. Eur 
Urol Oncol. 2023;6:566–73. https://​doi.​org/​10.​1016/j.​euo.​2023.​09.​008.

https://doi.org/10.3322/caac.21660
https://doi.org/10.14740/wjon1191
https://doi.org/10.1002/ijc.33588
https://doi.org/10.1007/978-3-319-42769-0_1
https://doi.org/10.1016/j.euo.2023.09.008


Page 10 of 10Claaßen et al. BMC Urology          (2024) 24:181 

	7.	 Noone AM, Howlader N, Krapcho M, Miller D, Brest A, Yu M, Ruhl J, Tatal-
ovich Z, Mariotto A, Lewis DR, Chen HS, Feuer EJ, Cronin KA. SEER Cancer 
Statistics Review, 1975–2015, National Cancer Institute. 2018. https://​seer.​
cancer.​gov/​csr/​1975_​2015/. Accessed 5 Jul 2023.

	8.	 Song M, Hildesheim A, Shiels MS. Premature years of life lost due to 
cancer in the United States in 2017. Cancer Epidemiol Biomark Prev. 
2020;29:2591–8. https://​doi.​org/​10.​1158/​1055-​9965.​EPI-​20-​0782.

	9.	 Withrow D, Pilleron S, Nikita N, Ferlay J, Sharma S, Nicholson B, et al. Cur-
rent and projected number of years of life lost due to prostate cancer: 
a global study. Prostate. 2022;82:1088–97. https://​doi.​org/​10.​1002/​pros.​
24360.

	10.	 Wengler A, Rommel A, Plaß D, Gruhl H, Leddin J, Ziese T, von der Lippe E. 
Years of life lost to death. Dtsch Arztebl Int. 2021;118:137–44. https://​doi.​
org/​10.​3238/​arzte​bl.​m2021.​0148.

	11.	 Kim H-J, Luo J, Chen H-S, Green D, Buckman D, Byrne J, Feuer EJ. 
Improved confidence interval for average annual percent change in 
trend analysis. Stat Med. 2017;36:3059–74. https://​doi.​org/​10.​1002/​sim.​
7344.

	12.	 Doll R, Cook P. Summarizing indices for comparison of cancer incidence 
data. Int J Cancer. 1967;2:269–79.

	13.	 Fay MP. Estimating age conditional probability of developing disease 
from surveillance data. Popul Health Metrics. 2004;2:o. S. https://​doi.​org/​
10.​1186/​1478-​7954-2-6.

	14.	 National Cancer Institute. DevCan: Probability of Developing or Dying of 
Cancer Software, Version 6.8.0. 2012.

	15.	 IT.NRW. Sterbetafel: Durchschnittliche Lebenserwartung in Jahren nach 
Geschlecht und vollendetem Alter. 2022. https://​www.​lande​sdate​nbank.​
nrw.​de/​ldbnrw/​online. Accessed 5 Jul 2023.

	16.	 Breslow NE, Day NE. Statistical methods in cancer research. Volume II--The 
design and analysis of cohort studies. IARC Sci Publ. 1987:(82):1–406.

	17.	 IT.NRW. Im Jahr 2021 sind in NRW 67,7 Prozent mehr Menschen an 
COVID-19 gestorben als 2020. 2022. https://​www.​it.​nrw/​im-​jahr-​2021-​
sind-​nrw-​677-​proze​nt-​mehr-​mensc​hen-​covid-​19-​gesto​rben-​als-​2020-​
18387. Accessed 5 Jul 2023.

	18.	 Kinoshita Y, Singh A, Rovito PM, Wang CY, Haas GP. Double primary can-
cers of the prostate and bladder: a literature review. Clin Prostate Cancer. 
2004;3:83–6. https://​doi.​org/​10.​3816/​CGC.​2004.n.​016.

	19.	 Malte R, Kluth LA, Kaushik D, Boorjian SA, Abufaraj M, Foerster B, et al. 
Frequency and prognostic significance of incidental prostate cancer at 
radical cystectomy: results from an international retrospective study. Eur J 
Surg Oncol. 2017;43:2193–9. https://​doi.​org/​10.​1016/j.​ejso.​2017.​08.​013.

	20.	 Bostrom PJ, Soloway MS. Secondary cancer after radiotherapy for prostate 
cancer: should we be more aware of the risk? Eur Urol. 2007;52:973–82. 
https://​doi.​org/​10.​1016/j.​eururo.​2007.​07.​002.

	21.	 Moschini M, Zaffuto E, Karakiewicz PI, Andrea DD, Foerster B, Abufaraj 
M, et al. External beam radiotherapy increases the risk of bladder cancer 
when compared with radical prostatectomy in patients affected by 
prostate cancer: a population-based analysis. Eur Urol. 2019;75:319–28. 
https://​doi.​org/​10.​1016/j.​eururo.​2018.​09.​034.

	22.	 Nieder AM, Porter MP, Soloway MS. Radiation therapy for prostate cancer 
increases subsequent risk of bladder and rectal cancer: a population 
based cohort study. J Urol. 2008;180:2005–10. https://​doi.​org/​10.​1016/j.​
juro.​2008.​07.​038.

	23.	 McPartland C, Salib A, Banks J, Mark JR, Lallas CD, Trabulsi EJ, et al. Risk of 
secondary malignancies after pelvic radiation: a population-based analy-
sis. Eur Urol Open Sci. 2024;63:52–61. https://​doi.​org/​10.​1016/j.​euros.​
2024.​02.​013.

	24.	 Zelefsky MJ, Housman DM, Pei X, Alicikus Z, Magsanoc JM, Dauer LT, 
et al. Incidence of secondary cancer development after high-dose 
intensity-modulated radiotherapy and image-guided brachytherapy for 
the treatment of localized prostate cancer. Int J Radiat Oncol Biol Phys. 
2012;83:953–9. https://​doi.​org/​10.​1016/j.​ijrobp.​2011.​08.​034.

	25.	 Kim JH, Bae GH, Jung J, Noh TI. Secondary cancer after androgen depriva-
tion therapy in prostate cancer: a nationwide study. World J Mens Health. 
2024. https://​doi.​org/​10.​5534/​wjmh.​230237.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://seer.cancer.gov/csr/1975_2015/
https://seer.cancer.gov/csr/1975_2015/
https://doi.org/10.1158/1055-9965.EPI-20-0782
https://doi.org/10.1002/pros.24360
https://doi.org/10.1002/pros.24360
https://doi.org/10.3238/arztebl.m2021.0148
https://doi.org/10.3238/arztebl.m2021.0148
https://doi.org/10.1002/sim.7344
https://doi.org/10.1002/sim.7344
https://doi.org/10.1186/1478-7954-2-6
https://doi.org/10.1186/1478-7954-2-6
https://www.landesdatenbank.nrw.de/ldbnrw/online
https://www.landesdatenbank.nrw.de/ldbnrw/online
https://www.it.nrw/im-jahr-2021-sind-nrw-677-prozent-mehr-menschen-covid-19-gestorben-als-2020-18387
https://www.it.nrw/im-jahr-2021-sind-nrw-677-prozent-mehr-menschen-covid-19-gestorben-als-2020-18387
https://www.it.nrw/im-jahr-2021-sind-nrw-677-prozent-mehr-menschen-covid-19-gestorben-als-2020-18387
https://doi.org/10.3816/CGC.2004.n.016
https://doi.org/10.1016/j.ejso.2017.08.013
https://doi.org/10.1016/j.eururo.2007.07.002
https://doi.org/10.1016/j.eururo.2018.09.034
https://doi.org/10.1016/j.juro.2008.07.038
https://doi.org/10.1016/j.juro.2008.07.038
https://doi.org/10.1016/j.euros.2024.02.013
https://doi.org/10.1016/j.euros.2024.02.013
https://doi.org/10.1016/j.ijrobp.2011.08.034
https://doi.org/10.5534/wjmh.230237

	Mortality from prostate cancer in the years 2007–2021 in North Rhine-Westphalia, Germany
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


