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AbstrAct
Objectives: This article aims to provide a comprehensive overview of the worldwide burden of prostate 
cancer by exploring its global incidence, mortality, and survival.
Material and methods: Incidence rates were extracted from the CI5plus and NORDCAN databases. 
Prostate cancer deaths and populations were extracted from the WHO mortality database. For both inci-
dence and mortality, age-standardised rates per 100,000 person-years (PY) were computed. Age-stand-
ardised relative survival was retrieved from the SEER database and the Eurocare-5, NORDCAN, and 
SURVCAN projects. For incidence and mortality, mean rates and annual percent changes (APC) over 
the last 10 years were computed.
Results: Recent incidence rates varied more than 25-fold across countries, ranging from 6.2 to 119 per 
100,000 PY in India and Brazil, respectively. Mortality rates also showed important disparities, ranging 
from 2.5 to 21.0 per 100,000 PY in Thailand and Estonia, respectively. Over the period 2003-2012 the 
incidence increased in 17 out of 26 countries. Over the period 2006-2015 the mortality decreased in 23 
out of 30 countries. Age-standardised five-year survival from prostate cancer was very high and ranged 
from 34.8% in India to 90.0% in Finland. Survival trends in the USA and Northern Europe showed an 
increase starting in the 1970s and reached almost 100% in recent years. Survival was poorer for distant 
stages (approximately 30%), compared to localised and regional stages (almost 100%).
Conclusions: Large variations in incidence and mortality were observed across countries, but survival 
rates remained high. Screening practices should be considered when interpreting these results because 
they largely influence incidence and survival.
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IntroductIon
Prostate cancer is among the most commonly diag-

nosed cancers globally, and is the second most com-
mon cancer among men. In 2018, nearly 1.28 million 
men were estimated to be diagnosed with prostate 
cancer worldwide [1]. It was the most frequently diag-
nosed cancer in more than half of the world, mostly in 
America, Oceania, and Western Europe. Furthermore, 
prostate cancer was the fifth leading cause of death in 
men, with almost 359,000 estimated associated deaths 
in 2018 [1,  2]. Prostate-specific antigen (PSA) testing 
became commercially available from the middle to late 
1980s, and its use as a screening tool became widespread 

firstly in the USA, followed by other westernised coun-
tries such as Canada, Western European countries, and 
Australia [2]. Prostate-specific antigen screening detects 
prostate cancers early, but with high rates of overdiagno-
sis, identifying cancers that would not have developed or 
posed a threat to the patient during their lifetime.

Despite a myriad of epidemiological studies of this 
common cancer in Westernised countries, its aetiology 
remains relatively ambiguous. Established risk factors 
include age, race/ethnicity, and family history [3].

Understanding epidemiological trends might help 
identify and characterise risk factors and thus, provide 
further insight into prostate cancer prevention.
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The aim of this article was to describe a global pic-
ture of the worldwide burden of prostate cancer through 
its incidence, mortality, and survival, with a focus both 
on temporal trends and more recent figures.

MAterIAl And Methods
Prostate cancer was defined according to the Inter-

national Classification of Disease (ICD, 7th to 10th revi-
sions), using the following codes: A054 or 177 (ICD-7), 
A054 or 185 (ICD-8), B124 or 185 (ICD-9), and C61 or 
1040 (ICD-10). Only malignant neoplasms were consid-
ered in this study. The period of study was 1953 through 
2015, which corresponded to the longest period of avail-
able data.

cOuntry selectiOn
The following countries, with a national cancer reg-

istry for both incidence and mortality, were selected for 
analysis: Bulgaria, Costa Rica, Croatia, Denmark, Esto-
nia, Finland, Iceland, Lithuania, the Netherlands, New 
Zealand, Northern Ireland, Norway, Scotland, Slovakia, 
Slovenia, and Sweden. Some additional countries with 
regional registries for incidence were also selected: Aus-
tralia, Brazil, Canada, Colombia, Japan, Thailand, the 
Republic of Korea, and the United States of America 
(USA). More details on the regional registries included 
can be found in Appendix 1. 

In order to give a global overview of the prostate can-
cer situation in the world, India and Uganda were added 
to the incidence analysis and Chile, Hong Kong, Israel, 
Mexico, Singapore, and South Africa were added to the 
mortality analysis. These additional countries for mor-
tality were chosen according to the geographic location, 
the number of available years, and the quality of data [4]. 
Trends in prostate cancer incidence and mortality are 
presented by region as follows: Western Europe, East-
ern Europe, Africa and the Middle East, Asia, Oceania, 
North America, and South and Central America.

incidence data sOurces
Yearly age-standardised incidence rates were extract-

ed from the Cancer Incidence in Five Continents data-
base [5] for each country, except for the Northern Euro-
pean countries, for which data was extracted from the 
NORDCAN database [6].

MOrtality data sOurces
Pancreas cancer deaths registered in the World 

Health Organisation (WHO) [7] mortality database in 
November 2018 were extracted by country and five-year 
age group. Population data were also extracted from the 
WHO database and from the World Population Pros-
pects of United Nations [8] when years were missing. 
When data were not available for one or two consecu-
tive years, missing data were replaced by interpolations 
between previous and subsequent calendar years.

survival data sOurces
Several data sources were used to retrieve data on 

prostate cancer survival. The SEER database (Surveil-
lance, Epidemiology, and End Results), which collects 
cancer related data from cancer registries across the 
USA, was explored with SEER*Stat software. Age-stand-
ardised relative survival data were extracted, for the peri-
od 1973 to 2015, by cancer stage, year of diagnosis, and 
survival duration. Stages at diagnosis were classified as: 
localised, regional, or distant tumours. The Eurocare-5 
project studies cancer survival in Europe and makes 
freely available online cancer survival data by cancer 
site, country, and survival duration, for the period 2000-
2007 [9]. More detailed survival analyses were available 
for Nordic European countries through the NORDCAN 
project [6], specifically trends in prostate cancer survival 
between 1966 and 2018.

A limited number of data were available for countries 
outside Europe and the USA, through the SURVCAN 
project [10], which provided survival data for Korea, 
Singapore, India, Thailand, and Hong Kong. Data was 
available for several cancer registries for each country, 
and an average survival among registries was extracted.

A literature search of the PubMed database was per-
formed, in order to identify age-standardised five-year 
relative survival data for countries included in this study 
(more methodological details can be found in Appen-
dix 2). Two publications were identified, reporting five-
year age-standardised relative survival for Canadian 
non-aboriginal men, and for Singaporean men.

statistical analysis
For both incidence and mortality, age-standard-

ised (ASR) rates were computed using the Segi world 
standard population as a  reference and were reported 
for 100,000 person-years (PY). In Iceland, incidence 
and mortality rates fluctuated greatly over the period 
because of its small population size; therefore, a five-year 
smoothing average was used to represent the data. 

In order to compare recent situations between differ-
ent regions of the world, mean rates were computed for 
each country considering the period 2010-2012 for inci-
dence and 2013-2015 for mortality. Also, annual percent 
changes (APC) over the last 10 available years (2003-2012 
for incidence and 2006-2015 for mortality) were comput-
ed using a linear regression of the log-transformed rates.

For survival, only age-standardised relative survival val-
ues were extracted from each data source, for comparison 
purposes. Relative survival corresponds to the probability of 
surviving cancer in the absence of other causes of death and 
is defined as the ratio of the observed survival of patients to 
the survival expected in the general population (for the same 
gender, age, and calendar time). Since the underlying age 
structure of countries’ populations is different, age-stand-
ardised relative survival is employed, generally using the 
International Cancer Survival Standards (ICSS) [11]. 
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Western Europe

Denmark APC = 3.83*

Finland APC = –3.05*

Iceland APC = –2.56

Netherlands APC = 0.58

Northern Ireland APC = 1.57

Norway APC = 2.18*

Scotland APC = 0.69

Sweden APC = –1.21
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Asia
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Oceania

Central and South America
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North America
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Eastern Europe

Bulgaria APC = 6.78*
Croatia APC = 2.59*
Estonia APC = 7.78
Lithuania APC = 5.34
Slovakia APC = 6.69
Slovenia APC = 6.23*

Uganda (Kampala) APC = 3.33*
India (Chennai) APC = 3.2
Japan (4 registries) APC = 5.77*
Republic of Korea (5 registries) APC = 7.61
Thailand (4 registries) APC = 3.46*

Australia APC = 1.89
New Zealand APC = –0.26

Canada (regional) APC = –1.98*
USA (SEER) APC = –2.61*

Costa Rica APC = –0.78%
Brazil (Goiania) APC = –0.29
Colombia (Cali) APC = –1.91*

fig. 1. Temporal trends in prostate cancer incidence, by 
region (APC – annual percent change computed for the last 
10 available years [2003-2012])
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results

incidence 
Temporal trends in prostate cancer incidence are 

presented by region in Figure 1.

Western Europe
In Western European countries, the incidence of 

prostate cancer seemed to steadily increase over the peri-
od 1955-1990, followed by steeper increases in rates over 
the period 1990-2000 (Fig. 1). 

Over the period 2003-2012, an upward trend in inci-
dence rates was observed in some of the countries, with 
APCs of +1.6% in Northern Ireland, +2.2% in Norway, 
and 3.8% in Denmark, while in Finland, Iceland, and Swe-
den, a downward trend in incidence rates was observed, 
with APCs of 3.1%, –2.6%, and –1.2%, respectively. On 
the other hand, incidence rates seemed to stabilise in the 
Netherlands and Scotland, with APCs of +0.58% and 
+0.69% over the 2003-2012 period, respectively.

Eastern Europe
In most Eastern European countries, prostate cancer 

incidence rates have been steadily increasing starting 
from the mid-90s (Fig. 1). Over the period 2003-2012, 
a  general upward trend was observed in all countries, 
with APCs ranging from +2.6% (Croatia) to +7.8% 
(Estonia), and statistically significant increases in Bul-
garia, Croatia, and Slovenia.

In Lithuania, a peak in incidence rates was observed 
in 2007 (168 per 100,000 PY). This extraordinary 
increase was almost certainly the result of the introduc-
tion of the PSA testing in Lithuania in 2006 [12]. Follow-
ing this peak, a decline in incidence rates was observed.

Africa and Middle East
Data on prostate cancer incidence from African and 

Middle Eastern countries remain generally scarce; only 
regional data were available for Uganda over the period 
1993-2012 (Fig. 1). Incidence rates remained moderately 
low when compared to developed/developing countries, 
with estimated rates between 24.3 and 52.8 per 100,000 
PY over the 1993-2012 period. 

Over the period 2003-2012, an increase in prostate 
cancer incidence rates could be observed, with a corre-
sponding APC of +3.3%.

Asia
Patterns of prostate cancer incidence in Asia can be 

classified in two groups: one enclosing Japan and the 
Republic of Korea, and one enclosing India and Thai-
land. Incidence rates in the latter group were lower and 
seemed to vary less than those in the former group, with 
ASRs remaining below 7.0 per 100,000 PY (Fig. 1). Over 
the 2003-2012 period, an upward trend was observed in 

both countries from this group, with APCs of +3.2% and 
+3.5% in India and Thailand, respectively. 

In Japan and the Republic of Korea, the increase in 
rates was more pronounced over the aforementioned 
period, with APCs of +5.8% and +7.6%, respectively.

Oceania
In Oceania, incidence rates were comparable to 

those in Western European and North American coun-
tries (Fig. 1). In New Zealand, where data was available 
for a  longer period (1983-2012), a steep increase could 
be observed starting in the 1990s, similarly to Western 
Europe and North America. 

Over the period 2003-2012, a  stabilisation in inci-
dence rates could be observed for New Zealand, while 
a slight upward trend could be observed in Australia, with 
corresponding APCs of –0.26% and 1.89%, respectively.

North America 
In both Canada and the USA, prostate cancer inci-

dence rates steadily rose up to the mid-90s, and more 
precisely to 1992 and 1993, respectively, where peaks in 
incidence can be observed, with estimated rates of 141.0 
and 106.7 per 100,000 PY (Fig. 1). 

Starting with the late 1990s, a significant decline in 
rates could be observed, with corresponding APCs of 
–1.98% and –2.61% over the period 2003-2012 for Can-
ada and the USA, respectively.

Central and South America 
Patterns of prostate cancer incidence were very simi-

lar in Colombia and Costa Rica, with slightly higher rates 
in Colombia (Fig. 1), but with ASRs remaining below 
75 per 100,000 PY in both countries. Over the period 
2003-2012, a decline in prostate cancer was observed in 
both countries, with corresponding APCs of –1.91% and 
–0.78% in Colombia and Costa Rica, respectively.

Despite no active screening in Brazil [13], the highest 
rates were observed there, with peaks in 1997 (111.1 per 
100,000 PY) and 2006 (186.7 per 100,000 PY) and with 
an estimated APC of –0.29% over the period 2003-2012.

Recent rates 
Over the period 2010-2012, prostate cancer inci-

dence rates varied more than 25-fold across countries, 
between 6.2 per 100,000 PY in India and 119.0 per 
100,000 PY in Brazil (Fig. 2).

The highest incidence rates were observed in both 
Western and Eastern Europe and North America, as well 
in Oceania and some of the Central and South American 
countries, with rates of 119.0 per 100,000 PY in Brazil fol-
lowed by Lithuania (115.2 per 100,000 PY) and Australia 
(114.1 per 100,000 PY). Inversely, the lowest incidence rates 
were observed in Asian countries, with mean rates of 6.2 
and 6.8 per 100,000 PY in India and Thailand, respectively.
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MOrtality
Temporal trends in prostate cancer mortality are pre-

sented by region in Figure 3.

Western Europe
Trends in prostate cancer mortality rates were simi-

lar across all Western European countries over the stud-
ied period, with steep increases from the 1950s, reaching 
a peak around 1995, followed by steep decreases (Fig. 3). 
More recently (2006-2015), a  downward trend could 
be observed in all countries, with APCs ranging from 
–2.63% (the Netherlands) to –0.25% (Scotland). The 
decline was significant in Denmark, Finland, Nether-
lands, Norway, and Sweden. 

Presently, prostate cancer mortality rates are high-
er than in the 1950s, but recent trends show important 
declines, with this tendency probably persisting in the 
near future.

Eastern Europe
Since the 1980s, steep increases in mortality were 

observed in most Eastern European countries until the 
mid-2000s, followed by a  stabilisation of the rates in 
Croatia (APC over the 2006-2015 period of +0.03%) 

and Estonia (APC over the 2006-2015 period of +0.9%), 
while decreasing trends were noticed in Lithuania (APC 
over the 2006-2015 period of –1.9%) and Slovenia (APC 
over the 2006-2015 period of –2.9%) (Fig. 3). 

The mortality trend in Slovakia was slightly differ-
ent: an increase in mortality was observed until 2000, 
followed by a  decline in 2008, which was followed by 
a new increase in mortality rates (APC over the 2006-
2013 period of +2.3%). Mortality rates in Bulgaria were 
lower compared to other Eastern European countries, 
and seemed to increase steadily since 1965, with an APC 
of +1.3% over the last 10 years.

Africa and Middle East
Coverage of death registration was very low in Afri-

ca and the Middle East; therefore, only two countries 
were selected: South Africa and Israel. Prostate cancer 
mortality rates were more than two-times higher in 
South Africa than in Israel over the period 1993-2015 
(Fig. 3).

In South Africa, prostate cancer mortality rates were 
generally stable over the studied period. More recently 
(2006-2015), a slight upward trend in rates was observed, 
with an APC of +1.2% over this period.

Uganda (Kampala)
India (Chennai)

Thailand (4 registries) 
Republic of Korea (5 registries)

Japan (4 registries) 
New Zealand

Australia
Costa Rica

Colombia (Cali)
Brazil (Goiania)

Canada (regional)
USA (SEER)

Bulgaria
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Slovakia
Slovenia

Estonia
Lithuania
Scotland

Northern Ireland
Netherlands

Denmark
Iceland
Finland

Sweden
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Eastern Europe

Oceania

Mean age-standardised incidence rate per 100,000 person-years 
(2010-2012)
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fig. 2. Mean age-standardised prostate cancer incidence over the period 2010-2012, by country
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fig. 3. Temporal trends in prostate cancer mortality, by 
region (APC – annual percent change computed for the last 
10 available years [2006-2015])
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Bulgaria APC = 1.32
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Regarding Israel, the longer period of time allowed 
the identification of the same tendency as in Western 
Europe, North America, and Oceania, i.e. a steady raise 
in prostate cancer mortality (from 6.2 per 100,000 PY 
in 1975 to 12.4 per 100,000 PY in 1994) followed by 
a decline in mortality rates. This was confirmed by more 
recent figures: over the period 2006-2015, a  significant 
decline in mortality rates was observed, with a  corre-
sponding APC of –2.1%.

Asia
Compared to all other regions, lower prostate can-

cer mortality rates were observed in Asian countries 
over the period 1950-2015 (Fig. 3), with rates lower than 
2.0 in the 1950s and lower than 6.5 per 100,000 PY for 
the most recent years (2013-2015) (Fig. 4). This is due 
to the fact that in this region, incidence rates were lower 
than in other regions.

Over the period 2006-2015, there was a  significant 
upward trend in rates in Thailand, while a  significant 
downward trend was observed in Japan, with correspond-
ing APCs of +6.6% and –1.6%, respectively. In all the 

other countries, rates seemed more stable over the same 
period with APCs of –0.3%, –0.22%, and 1.62% in Hong 
Kong, the Republic of Korea, and Singapore, respectively. 

Oceania
Prostate cancer mortality rates were similar in Aus-

tralia and New Zealand throughout the studied period 
(Fig. 3). Similarly to Western Europe and North Amer-
ica, a  mortality peak was clearly observed in the mid-
1990s. This peak was firstly observed in Australia with 
a mortality rate of 19.6 per 100,000 PY in 1993 and then 
in New Zealand, in 1995, when prostate cancer mortality 
peaked at 20.6 per 100,000 PY.

Over the studied period, steady increases in mor-
tality rates were observed from 1950 up to 1993-
1995, followed by steep decreases in both countries. 
This downward trend was confirmed by more recent  
figures, with APCs of –3.0% in Australia and –2.5% in 
New Zealand, over the period 2006-2015. Due to this 
important decrease in mortality, rates are presently 
similar to those in the 1950s, and there is no sign that 
this decreasing trend will stop in the near future. 
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fig. 4. Mean age-standardised prostate cancer mortality over the period 2013-2015, by country
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North America
Prostate cancer mortality rates were similar in the 

USA and Canada over the studied period (Fig. 3). Sim-
ilarly to the situation in Western European countries, 
a mortality peak was clearly observed in the early 1990s. 
In both countries, the peak was observed in 1991, with 
mortality rates of 17.5 and 17.3 per 100,000 PY in the 
USA and Canada, respectively.

In both countries, steady increases in mortality were 
observed from 1950 to 1991, followed by steep decreas-
es. More recently (2006-2015), significant decreases in 
mortality rates were observed in both countries, with 
corresponding APCs of –2.70% and –2.74% for Canada 

and the USA, respectively. Nowadays, due to the impor-
tant decrease in mortality since 1991, prostate cancer 
mortality rates are lower than in the 1950s, and there is 
no sign that this decreasing trend will stop in the near 
future.

Central and South America
Prostate cancer mortality rates were similar in all 

selected countries of Central and South America over 
the studied period (Fig. 3). Since the 1960s (1970s for 
Brazil), steep increases in mortality rates were observed 
in all countries until 1995 for Costa Rica and Mexico, 
1996 for Chile, 2000 for Colombia, and 2006 for Brazil. 
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At these inflection points, the highest mortality rate 
was observed in Costa Rica (22.9 per 100,000 PY), while 
the lowest mortality rate was observed in Mexico (12.9 
per 100,000 PY). Following these peaks, declines in pros-
tate cancer mortality rates were observed in all Central 
and South American countries. 

More recently (2006-2015), a general downward trend 
in mortality rates was observed in all countries, with 
APCs ranging from –1.7% (Colombia) to –0.39% (Chile).

Recent rates 
Over the period 2013-2015, important disparities 

were observed across countries, with prostate cancer mor-
tality rates ranging from 2.5 per 100,000 PY in Thailand to 
21.0 per 100,000 PY in Estonia (Fig. 4). The highest mor-
tality rates were observed in Eastern Europe, with rates 
of 21.0 per 100,000 PY in Estonia and 18.0 per 100,000 
PY in Lithuania, followed by Western Europe, with rates 
of 16.2 and 16.1 per 100,000 PY in Norway and Sweden, 
respectively. Conversely, the lowest mortality rates were 
observed in Asian countries with rates of 2.5 per 100,000 
PY in Thailand, 4.4 per 100,000 PY in Hong Kong, 4.6 per 
100,000 PY in the Republic of Korea, 4.6 per 100,000 PY 
in Japan, and 5.9 per 100,000 PY in Singapore. 

survival
Survival of prostate cancer is very high. In the USA, 

one-year age-standardised relative survival increased from 
87.5% in 1973 to 98.0% in 2014, while five-year survival 
increased from 62.0% in 1973 to 97.0% in 2010 (Fig. 5A). 

Stage at diagnosis in the SEER database for prostate 
cancer is classified as localised/regional or distant. The 
equivalent in the AJCC (American Joint Committee on 
Cancer) staging would be: stages I  and II for localised 
tumours, stages III and IV that have not spread far for 
regional tumours, and cancers that have spread to distant 
areas for distant tumours [15]. Prostate cancer diagnosed 
at distant stages has poorer five-year relative survival 
(approximately 30%); however, almost all prostate cancer 
patients diagnosed at localised and regional stages sur-
vive five years after diagnosis (Fig. 5B). The stage-specif-
ic survival of prostate cancer has remained stable since 
1995. Since the introduction of PSA screening in the USA 
in the early 1990s, most prostate cancers have been diag-
nosed in the early stages: 80% with localised disease, 12% 
with regional disease, 4% with distant disease, and 3% 
unstaged [15]. This corresponds with the sharp increase 
in five-year survival observed in Figure 5A.

Age-standardised survival trends in Nordic Euro-
pean countries showed that five-year relative survival 
increased from 35-45% in 1966-1970 to 87-94% in 2011-
2015. Denmark had the lowest survival rates, and Swe-
den the highest (Fig. 5C).

Overall, Western European Countries had similar 
five-year age-standardised relative survival for the peri-
od 2000-2007 (69.2-90.0%). Eastern European countries 

had more modest five-year relative survival (50.5-82.8%) 
(Fig. 5D). Regional data available for other countries 
from Asia and Africa [10] showed lower five-year 
age-standardised survival, ranging between 34.8% for 
India and 79.3% for Hong Kong SAR (Fig. 5D). One arti-
cle identified through the literature search [16] report-
ed five-year age-standardised survival for Singapore 
by diagnosis year between 1970 and 2000; the authors 
found that prostate cancer survival varied little during 
this time period, between 50% and 60%.

dIscussIon
This article presents the worldwide burden of pros-

tate cancer through its incidence, mortality, and survival, 
focusing on both recent rates and temporal trends.

Globally, large variations in recent prostate cancer 
incidence and mortality rates were highlighted in this 
article. When comparing rates in recent years, the inci-
dence varied more than 25-fold and mortality around 
10-fold among the included countries. Disparities in cur-
rent PSA testing practices among countries heavily influ-
enced recent incidence rates because PSA testing is more 
widespread in more developed than in less developed 
countries [17-19]. There was no clear geographic or eco-
nomic explanation for the disparities in recent mortality 
rates. Indeed, in the list of the 10 highest mortality rates, 
Eastern European countries stand alongside Western 
European countries, South Africa, and Chile, while in the 
10 lowest mortality rates, Asian countries stand alongside 
Israel, North American countries, and Mexico. The low-
est mortality rates were observed in Asian countries. 

Although Canada and the USA were among coun-
tries with the highest incidence, they were also among 
those with the lowest mortality; this could be explained 
by the high prevalence of PSA testing and the widespread 
access to healthcare and effective treatments.

Dramatic increases in incidence rates since the 1990s 
in most high-income countries (Oceania, North Ameri-
ca, and Western Europe) were probably due to the inten-
sive use of the PSA testing for early detection and diag-
nosis [20, 21]. The decrease in incidence following these 
trends can be explained by the early detection through 
screening of some cancers that would have been detected 
in the future [22]. On the other hand, incidence rates still 
on the rise were observed in developing countries (e.g. 
countries from Eastern Europe, Asia) in which the use of 
PSA testing became more widespread later on [18, 23].

Taking into consideration the large influence of 
screening practices on the prostate cancer incidence 
trends, their interpretation should be done with caution. 
Perhaps mortality trends rather than incidence might 
better reflect the actual risk across different populations 
[24], but they can still be affected by the cancer diagnosis 
and death certification processes. 

Important declines in mortality observed since the 
1990s in most high-income countries may be explained 
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by the improvements in radiation therapy [25, 26] and 
surgical techniques [27, 28], especially for early-stage 
prostate cancer mainly detected by PSA testing since the 
1990s. The less pronounced decreases in prostate can-
cer mortality observed in Eastern Europe and in Latin 
America would be explained by the less widespread use 
of PSA testing and limited access to efficient treatments 
[18, 29]. Regarding Asia, the westernisation of lifestyle 
could be one explanation for the observed mortality 
trends [18, 30]. Moreover, incidence in Asian countries 
appears to be increasing, which would result in more 
prostate cancer cases, but with limited access to effective 
treatment and surgical advances, which would explain 
the increase in mortality.

Survival of prostate cancer patients was very high, 
with localised and regional prostate cancers in the US 
showing 97% relative five-year survival. Survival trends 
have also been increasing, synchronised with the increas-
es in incidence after the introduction of PSA screening. 

Incidence and five-year survival rates were found 
to be correlated, with Pearson’s correlation coefficient 
R = 0.73 [31]. Prostate cancer survival could be modified 
by early detection of the disease, which could make the 
survival times appear longer artificially (lead-time bias). 
The PSA testing implemented in a country should be kept 
in mind when analysing survival and survival trends.

Survival of prostate cancer patients showed differ-
ences among countries. Given that earlier detection of 
prostate cancer leads to better survival, countries with 
widespread screening programmes, better awareness of 
the disease among the population, and greater availabil-
ity of resources generally have increased incidence and 
survival rates of prostate cancer. Survival rates for pros-
tate cancer should be interpreted with care, in the context 
of incidence and mortality data, and screening practices.

Geographical location appeared to influence the bur-
den of prostate cancer, but other factors such as age also 
play a role. Prostate cancer is primarily a disease of old-
er age, with low incidence among people below 60 years 
old. The widespread use of PSA testing has also lowered 
the median age at diagnosis over the last three decades, 
with more and more younger men being diagnosed [22]. 
Mortality from prostate cancer increases with age, with 
an eight-fold increase in risk in men over 70 years old 
when compared to younger men (50-59 years old). In 
the USA, survival gradually increased with age for men 
between 55 and 85 years old. An analysis of prostate can-
cer in younger men found that overall survival in young-
er men was better than in older men with more comor-
bidities; however, disease-specific survival at 10  years 
was not significantly improved [32]. The authors also 
reported that for high-grade tumours, younger men had 
poorer survival.

Our study attempted to present a  comprehensive 
overview of the epidemiology of prostate cancer. How-
ever, some limitations should be addressed. Firstly, for 

the incidence analysis, in addition of data from nation-
al cancer registries, regional cancer data were used in 
order to have worldwide representativeness. However, 
regional data could be inaccurate because they do not 
cover the whole population and the whole territory. For 
instance, regional rates could be underestimated due to 
lower precision for local/regional data when compared 
to national data. Moreover, when only one regional 
registry exists in an urbanised area of the country, data 
could also be underestimated for countries with large 
rural populations. Also, there are disparities in methods 
of registering and quality, coverage, and completeness of 
cancer registration across countries [33]. Secondly, for 
comparison purposes, an effort was made to include the 
same countries for the incidence and mortality analyses, 
which led to the inclusion of countries with low quality 
of mortality data (e.g. Thailand and South Africa) [4]. 
Thirdly, data for incidence was available only up until 
2012, while data for mortality was more recent (up until 
2015). Further updates would be necessary in order to 
also have more recent results for incidence. This would 
also ensure better comparability of incidence and mor-
tality trends. Fourthly, for the survival analysis, the 
direct comparison between data sources was limited, 
due to the fact that Eurocare and SEER data used the 
ICSS, NORDCAN data used age-standardisation with 
age groups different from the ICSS, and Survcan data 
used an alternative approach to age-standardisation [10]. 
Finally, data for the African region remained scarce: data 
only for Uganda and South Africa were available for the 
incidence and mortality analyses, respectively. Thus, it 
makes difficult any conclusion on the burden of prostate 
cancer in Africa. 

To conclude, there are worldwide disparities in 
incidence, mortality, and survival of prostate cancer. 
Additional studies should further investigate the rea-
sons underlying these disparities by evaluating potential 
associations with socio-economic factors and/or screen-
ing practices.
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appendix 2. literature search for survival data 

Literature search of the PubMed database was performed in November 2018, for publications reporting national 
or regional prostate cancer survival rates. Eligible studies needed to be population-based and to report age-stand-
ardised five-year relative survival. Studies on specific sub-groups of populations (such as specific treatment) were 
excluded. Only reports for the countries included in this study (as described in the Methods section) were included.

The search strategy yielded 706 results, 637 of which were excluded based on title and abstract. Of the remaining 
69 publications, only two fit the eligibility criteria and were included in this study. The following PubMed search 
query was used:

(survival[Title/Abstract]) 
AND 
(“prostate cancer”[Title/Abstract] OR “prostate neoplasm”[Title/Abstract] OR “prostate carcinoma”[Title/

Abstract] )
AND 
(europe[Mesh] OR “north america”[Mesh] OR “south america”[Mesh] OR “central america”[Mesh] OR 

“asia”[Mesh] OR africa[Mesh] OR “oceania”[Mesh] OR countr*[Title/Abstract] OR nation*[Title/Abstract] OR 
world[Title/Abstract] OR global[Title/Abstract]) 

AND
(“rate*”[Title/Abstract] OR “trend*”[Title/Abstract])

appendix 1. list of regional registries included, in alphabetical order

country registries period 
available

Australia Queensland, South Australia, Tasmania, Victoria, Western Australia, Northern territories 1993-2012

Brazil Goiania 1993-2012

Canada All except Nunavut, Quebec, and Yukon 1983-2012

Colombia Cali 1983-2012

India Chennai 1983-2012

Japan Miyagi, Nagasaki, Osaka, Fukui 1998-2010

Korea Busan, Seoul, Ulsan, Gwangju, Incheon 1999-2012

Thailand Chiang Mai, Knon Kaen, Songkhla, Lampang 1993-2012

Uganda Kampala 1993-2012

USA California: San Francisco; Connecticut; Georgia: Atlanta; Hawaii; Iowa; Michigan: Detroit; New 
Mexico; Utah; Washington: Seattle (SEER registries)

1978-2012


