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Abstract
Introduction: Despite its low incidence, pancreas cancer is one of the most lethal cancers. This study 
aims to provide a global overview of pancreas cancer as to incidence, mortality and survival, in selected 
countries of the world.
Methods: Incidence was extracted from CI5plus and NORDCAN. Pancreas cancer deaths and popula-
tions were extracted from the WHO mortality database. Age-standardised incidence/mortality rates per 
100,000 person-year were computed. Recent mean rates for incidence and mortality and annual percent 
changes (APC) over the last ten years were computed. Age-standardised relative survival was retrieved 
from the SEER database, Eurocare-5, NORDCAN and SURVCAN. 
Results: Recently, incidence ranged from 2.0 in Uganda to 12.9 in Slovakia in men and from 1.3 in India 
to 7.3 in Slovakia in women. Mortality rates ranged from 1.3 in Thailand to 10.7 in Estonia in men and 
from 1.0 in Thailand to 6.7 in Finland in women. Over the last ten years, incidence increased in 21/26 
countries in men (APC: –6.09% in Uganda to 4.51% in India) and in 23 countries in women (APC: 
–5.50% in Costa Rica to 6.51% in India). Increasing mortality trends were observed in 16/30 countries 
for men (APC: –2.62% in Northern Ireland to 4.73% in Thailand) and in 22 countries for women (APC: 
–1.27% in Mexico to 4.80% in Thailand). Five-year survival ranged from 3.0% (Northern Ireland) to 
17.2% (Hong Kong). Survival trends increased since the 1970’s from less than 5% to nearly 10% in recent 
years for USA and Northern Europe. Survival by stage indicated better survival for localised cancer with 
survival reaching 36% in 2010 compared to regional (11%) and distant cancer (3%). 
Conclusions: Disparities in pancreas cancer incidence and mortality were observed worldwide. Globally, 
pancreas cancer survival remained low but increases in one-year relative survival and survival of local-
ised cancer are promising. 
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Introduction
Cancer of the pancreas can affect either its exocrine 

or its endocrine functions, however, the large majority of 
tumours are exocrine pancreas cancers, with adenocar-
cinoma being the most common type and only 2-10% 
of pancreas cancers being pancreatic neuroendocrine 
tumours [1]. Pancreas cancer is mainly a disease of the 
elderly people that is often detected at an advanced stage 
due to the absence of symptoms associated with early- 
stage pancreas cancer and a  lack of screening strategy. 

Surgical resection offers the best chance to improve sur-
vival, but the majority of cases (80-85%) are unresectable 
at diagnosis [2] mainly because of the advanced stage of 
the disease and the advanced age of patients. 

Pancreas cancer is the fourteenth most common type 
of cancer in the world with approximately 458,918 new 
cases estimated in both men and women in 2018 [3]. 
Disparities in pancreas cancer incidence exist around 
the world, with developed countries more affected than 
developing countries. Due to its poor prognosis, with 
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a  five-year survival rate below 10% [4, 5], pancreas 
cancer is the seventh leading cause of cancer death in 
both men and women worldwide, with approximately 
432,242 deaths estimated in 2018 [3]. According to cur-
rent trends, pancreas cancer mortality is projected to 
surpass that of breast and colorectal cancer by 2030 in 
the United States and Germany, and become the second 
leading cause of cancer death [6, 7]. Pancreas cancer is 
an important public health issue worldwide that needs 
to be better understood. Understanding epidemiological 
trends might help identify and characterise risk factors 
and thus, provide further insight into pancreas cancer 
prevention.

The aim of this study is to provide updated temporal 
trends in pancreas cancer incidence, mortality and sur-
vival, and to present an overview of the current situation 
in selected countries of the world, mainly in countries 
with a national cancer registry.

Methods
Pancreas cancer was defined according to the Inter- 

national Classification of Disease (ICD, 7th to 10th revi-
sions) using the following codes: 157 in ICD-7 and  
ICD-8, B096 or 157 in ICD-9, C25 or 1032 in ICD-10. 
Only malignant neoplasms were considered in this 
study. The period of study was 1953 through 2015 which 
corresponded to the longest period of available 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, Estonia, 
Finland, Iceland, Lithuania, Netherlands, New Zealand, 
Northern Ireland, Norway, Scotland, Slovakia, Slovenia 
and Sweden. Some additional countries with regional reg-
istries for incidence were also selected: Australia, 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 Appen-
dix S1. In order to give a global overview of the pancre-
as cancer 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 geographical location, 
the number of available years and the quality of data [8]. 
Trends in pancreas cancer incidence and mortality are 
presented by region as follows: Western Europe, Eastern 
Europe, Africa and Middle-East, Asia, Oceania, North 
America and, South and Central America.

Incidence data 
Yearly age-standardised incidence rates were extract-

ed by gender from the Cancer Incidence in Five Conti-
nents database [9] for each country, except for the North-

ern European countries, for which data was extracted 
from the NORDCAN database [10].

Mortality data
Pancreas cancer deaths registered in the World Health 

Organization (WHO) [11] mortality database in Novem-
ber 2018 were extracted by country, gender and five-year 
age group. Population data were also extracted from the 
WHO database and from the World Population Prospects 
of United Nations [12] when years were missing. When 
data were not available for one or two consecutive years, 
missing data were replaced by interpolations between pre-
vious and subsequent calendar years. Due to missing data 
between 1968 and 1997 in Costa Rica, Chile and Mexico, 
the period of study for mortality data began in 1997 for 
Costa Rica and Chile, and in 1998 for Mexico.

 Survival data
Several data sources were used to retrieve data on pan-

creas cancer survival. The SEER database (Surveillance, 
Epidemiology, and End Results), which collects cancer 
related data from cancer registries across the USA, was 
explored with the SEER*Stat software. Age-standardised 
relative survival data were extracted, for the period 1973 
to 2015, by cancer stage, year of diagnosis, gender, and 
survival duration. Stages at diagnosis were classified as: 
localised, regional, or distant tumours. The Eurocare5 
project studies cancer survival in Europe and makes 
freely available online cancer survival data by cancer 
site, country, gender, and survival duration, for the peri-
od 2000-2007 [13]. More detailed survival analyses were 
available for Nordic European countries through the 
NORDCAN project [10], specifically trends in pancreas 
cancer survival between 1966 and 2018. A limited num-
ber of data was available for countries outside Europe 
and the USA, through the SURVCAN project [14], 
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 sur-
vival among registries was extracted. A literature search 
of the PubMed database was also performed, in order 
to identify age-standardised five-year relative survival 
data for countries included in this study (Appendix S2). 
One publication was identified, reporting five-year 
age-standardised relative survival for Canada [15].

Statistical analysis
For both incidence and mortality, age-standardised 

rates were computed using the Segi world standard pop-
ulation and are reported per 100,000 person-years. In 
Iceland rates fluctuated greatly over the period because 
of its small population size, therefore, a five-year smooth-
ing average was used to represent the data. In order to 
compare recent situations between different regions of 
the world, mean rates were computed for each country 
considering the period 2010-2012 for incidence and 
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2013-2015 for mortality. Also, annual percent changes 
(APC) over the last ten available years (2003-2012 for 
incidence and 2006-2015 for mortality) were computed 
using a linear regression of the log-transformed rates. All 
analyses were performed for men and women separately.

For survival, only age-standardised relative survival 
values were extracted from each data source, for com-
parison purposes. Relative survival corresponds to the 
probability of surviving cancer in the absence of other 
cause of death and is defined as the ratio of the observed 
survival of patients to the survival expected in the gen-
eral population (for the same gender, age group and cal-
endar time). Since the underlying age structure of coun-
tries’ populations is different, age-standardised relative 
survival is employed, generally using the International 
Cancer Survival Standards (ICSS) [16]. All data sourc-
es provided age-standardised relative survival, however 
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 [14].

Results
Incidence
Temporal trends in pancreas cancer incidence are 

presented by region in Figure 1A and Figure 1B for men 
and women, respectively. Incidence rates were generally 
higher in men than in women with men to women ratios 
computed on the recent years (2010-2012) ranging from 
1.1 in Uganda to 1.9 in Estonia and Lithuania. Also, in 
recent years (2010-2012), incidence rates of pancreas 
cancer varied greatly across countries with rates ranging 
from 2.0 in Uganda to 12.9 in Slovakia in men and from 
1.3 in India to 7.3 in Slovakia in women (Figure 2).

Western Europe 
In Western Europe, similar figures were observed 

for both genders with a steady increase until the 1980’s 
followed by decreases or level-off. In the last ten years 
(2003-2012) decreases were observed in Finland, Iceland 
and Norway in men while increases were observed in 
Denmark, the Netherlands, Northern Ireland, Scotland 
and Sweden. In women, increases were observed in all 
countries except in Finland where there was a tendency 
towards a decline in incidence. However, these variations 
were statistically significant only for the Netherlands 
(both genders) and for men from Denmark and Scotland. 
Also, in recent years (2010-2012), highest incidence rates 
were observed in Denmark (9.5 in men and 7.2 in wom-
en) and Finland (9.6 in men and 7.6 in women) for both 
genders while the lowest incidence rates were observed in 
Sweden (6.0 in men and 5.1 in women).

Eastern Europe 
In Eastern Europe, a tendency towards an increase in 

incidence was observed in most countries and for both gen-

ders. These tendencies were confirmed in the last ten years 
with APC ranging from 1.06% to 5.00% in women and from 
0.26% to 1.98% in men. Incidence rates appeared more sim-
ilar in women than in men for whom a larger variability is 
observed over the period. In recent years (2010-2012), the 
highest incidence rates were observed in Slovakia for both 
men (mean of 12.9) and women (mean of 7.3) while the 
lowest rates were noticed in Slovenia for men (mean of 9.1) 
and in Bulgaria for women (mean of 5.3). 

Africa and the Middle-East 
In Africa and the Middle-East, data on pancreas can-

cer incidence remained generally scarce. Regional data 
were only available for Uganda on a short period of time 
(1993-2012). During this period, incidence rates fluc-
tuated considerably and similar rates were observed for 
both genders with a men to women ratio of 1.1. A ten-
dency towards an increase in incidence was observed 
since 1993, with incidence rates varying from 0 to 1.6 in 
men and from 0.7 to 2.0 in women. The analysis of the 
last ten years (2003-2012) indicated a tendency towards 
a  decrease in incidence in men (APC = –6.09%) and 
an increase in women (APC = 4.36%). However these 
trends were not statistically significant.

Asia 
In Asia, temporal trends in incidence were similar for 

both genders. However, two groups of countries could be 
observed: one group with Japan and Republic of Korea 
(Eastern Asia) that showed incidence rates more than 
3.5 times higher than the second group with India and 
Thailand (Southern Asia). In the last ten years (2003-
2012), incidence rates increased for all countries. How-
ever, these increases were statistically significant only for 
Japan (APC = 1.68%) and Thailand (APC = 4.48%) in 
men and for Japan (APC = 2.48%) and the Republic of 
Korea (APC = 1.71%) in women.

Oceania
In Oceania, slightly higher incidence rates were 

observed in Australia compared to New Zealand in men 
over the common period of available data (1993-2012), 
while in women similar rates were observed. In Austra-
lia, incidence rates increased from 6.6 to 7.7 in men and 
from 4.9 to 5.9 in women, while in New Zealand, inci-
dence rates remained stable for men and they increased 
from 4.8 to 6.3 in women. In recent years (2003-2012), 
incidence rates significantly increased for both countries 
for women, with APC of 1.52% for Australia and 2.57% 
for New Zealand. In men, this significant increase was 
observed only in Australia (APC of 1.36%), while it was 
not statistically significant for New Zealand.

North America 
In North America, higher incidence rates were 

observed in the USA compared to Canada, for both gen-
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Eastern Europe 

 Denmark APC = 1.21%*          Finland APC = −0.54%         
 Iceland APC = −2.9%          Netherlands APC = 2.14%*         

 Northern Ireland APC = 1.93%          Norway APC = −0.08%         
 Scotland APC = 1.3%*          Sweden APC = 1.05%

 Uganda (Kampala) APC = −6.09%  India (Chennai) APC = 4.51%
 Japan (4 registries) APC = 1.68%*

 Republic of Korea (5 registries) APC = 0.81%
 Thailand (4 registries) APC = 4.48%*

 Bulgaria APC = 0.97%          Croatia APC = 0.26%          
 Estonia APC = 0.5%          Lithuania APC = 0.23%          

 Slovakia APC = 1.98%*          Slovenia APC = 1.31%

Fig. 1. Temporal trends in pancreas cancer incidence in men (A) and women (B), by region. APC – annual percentage 
change computed for the last 10 years 2003-2012

ders, over the period 1983-2012. In women, the trends 
appeared relatively stable until the end of the 1990’s, while 
in men the trends showed a slightly decrease. In recent 
years (2003-2012), incidence rates significantly increased 
for both countries for women with APC of 0.87% for 
Canada and 1.04% for the USA. In men, this increase was 
observed only in the USA (APC = 0.79%) while a stabi-
lisation was observed in Canada (APC = 0.27%, not sig-
nificant).

Central and South America
In Central and South America, temporal trends in inci-

dence were similar for both genders and fluctuated nota-
bly over the available period of data. In the last ten years 
(2003-2012), incidence rates significantly decreased for 
men in Costa Rica (APC = –5.14%) (Figure 3). A tenden-
cy towards decreasing rates was observed in women from 
Costa Rica and Brazil, while a tendency towards increased 
rates was observed in both genders for Colombia, and only 
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Oceania

Central and South America 

North America 

 Australia APC = 1.36%*         New Zealand APC = 1.08% 

 Brazil (Goiania) APC = 2.89%
 Colombia (Cali) APC = 1.7%
 Costa Rica APC = −5.14%* 

 Canada (regional) APC = 0.27%        USA (SEER) APC = 0.79%*

Fig. 1. Cont. (A) and women. APC – annual percentage 
change computed for the last 10 years 2003-2012

in men for Brazil. However, due to high variability in inci-
dence rates, the APC were not statistically significant.

Mortality
Temporal trends in pancreas cancer mortality are 

presented by region in Figure 2A and Figure 2B for men 
and women, respectively. Mortality rates were generally 
higher in men than in women with men to women ratios 
computed on the recent years (2013-2015) ranging from 
0.9 in Costa Rica to 1.9 in Bulgaria and Lithuania. Also, 
in recent years (2013-2015), mortality rates of pancreas 
cancer varied greatly across countries with rates ranging 
from 1.3 in Thailand to 10.7 in Estonia in men and from 
1.0 in Thailand to 6.7 in Finland in women (Figure 4).

Western Europe
In Western Europe, similar pancreas cancer mortali-

ty trends were observed across countries. 
In the fifties (1955-1959), the lowest mortality rates 

in men were observed in the Netherlands with a mean 
mortality of 4.8, while the highest mortality rate was 
observed in Scotland with a  mean mortality of 7.1. 
Recently (2013-2015), the lowest mortality rates were 
observed in Northern Ireland with a  mean mortality 
of 6.5, while the highest mortality rates were observed 
in Finland with a  mean mortality of 8.7 (Figure 4). 
Increases in mortality rates were observed in all coun-
tries until 1970-1980, then declining trends occurred 
until 2000 followed by a  stabilisation of the rates until 
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Fig. 1. Cont. (B), by region. APC – annual percentage change computed for the last 10 years 2003-2012

2015. Globally, over the period 1955-2015, the highest 
increase in pancreas cancer mortality was observed in 
Finland (+91%, from 4.6 to 8.8) and the lowest increase 
was observed in Scotland (+2%, from 6.4 to 6.5).

Similarly to men, pancreas cancer mortality trends 
in women increased from the fifties to the eighties and 
then the trends slightly declined or levelled off until 
2015. In the fifties (1955-1959), the lowest mortality 
rates were observed in Norway with a  mean mortality 

of 3.2, while the highest mortality rates were observed 
in Scotland with a mean mortality of 4.8. In recent years 
(2013-2015), the lowest mortality rates were observed in 
Scotland with a mean mortality of 4.9, while the high-
est mortality rates were observed in Finland 6.7. As in 
men, the highest increase in mortality over the period 
1955-2015 was observed in Finland (+100%, from 3.4  
to 6.8) and the lowest increase was observed in Scotland  
(+4%, from 4.7 to 4.9).
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Central and South America 

North America 

 Australia APC = 1.36%*         New Zealand APC = 1.08% 
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 Canada (regional) APC = 0.27%        USA (SEER) APC = 0.79%*

Fig. 1. Cont. (B), by region. APC – annual percentage 
change computed for the last 10 years 2003-2012

Eastern Europe 
In Eastern Europe, data on pancreas cancer deaths 

were available later than in Western European countries. 
In men, over the period 1985-2015, increasing 

mortality trends were observed in Bulgaria, Slovenia, 
Croatia and Slovakia, while more stable trends were 
observed in Estonia and Lithuania. In 1995-1999, when 
all the countries had data on pancreas cancer deaths, the 
highest mortality rates in men were observed in Estonia 
with a mean mortality of 10.7 and the lowest mortality 
rates were observed in Bulgaria with a mean mortali-
ty of 6.9. In recent years (2013-2015) the highest mean 
mortality was still observed in Estonia (mean of 10.7) 

while the lowest mortality was observed in Croatia 
(mean of 8.4). 

In women, pancreas cancer mortality increased for 
all countries over the period 1985-2015. In 1995-1999, 
mortality rates ranged from 3.5 in Bulgaria to 5.3 in Slo-
venia. In recent years, mean pancreas cancer mortality 
rates ranged from 4.7 in Bulgaria to 5.9 in Slovakia.

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

and the Middle-East, therefore only two countries were 
selected, one in each region. Mortality rates were about 
two-times higher in Israel than in South Africa over the 
period for both genders. 
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In Israel, a small decline in mortality was observed from 
1975 to the 1990’s followed by a slight increase until 2015. 
In South Africa, a stable trend was observed in men, while 
in women a slight increase in mortality was observed from 
1993 to 2003, followed by a decreasing trend until 2015. 

Asia 
In Asian countries, similar figures of pancreas 

cancer mortality were observed for both genders with 
important increases observed in all countries, except 
in Hong Kong were the rates appeared more stable. In 
Japan, the rates increased from 1.8 in 1955 to 9.2 in 
2015 in men and from 1.2 to 5.6 in women. The high-
est pancreas cancer mortality rates were observed in 
Japan with recent mean mortalities of 9.1 in men and 
5.7 in women while the lowest rates were observed in 
Thailand with recent mortalities of 1.3 in men and 1.0 
in women (Figure 4). The analysis of the last ten years 
(2006-2015) confirmed the increase in mortality in all 
countries for women, with APC ranging from 0.89% in 

Singapore to 4.80% in Thailand. For men, this increase 
was also observed (APC range 0.48-4.73%) except 
in the Republic of Korea where a  small decrease was 
observed (APC = –0.09%).

Oceania 
In Oceania, pancreas cancer mortality rates were 

comparable in Australia and New Zealand over the 
period 1955-2015. In women, slight increases in mor-
tality were observed, with mortality rates varying from 
3.6 in 1955-1959 to 4.6 in recent years (2013-2015) in 
Australia, and from 4.0 to 5.1 in New Zealand. In men, 
steady increases in mortality were observed until 1973 
in Australia, and 1975 in New Zealand, when the high-
est mortality rates were observed (8.2 in Australia and 
9.3 in New Zealand). Subsequently, declines in mortality 
occurred until the end of the 1990’s, followed by a stag-
nation until recent years, when the rates became similar 
to the rates of the 1950’s. The analysis of the last ten years 
indicated small increases for both countries for women 
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Fig. 2. Mean age-standardised pancreas cancer incidence over the period 2010-2012, by country and by gender
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(APC of 0.19% in Australia and 0.98% in New Zealand), 
while for men a small decrease was observed in Australia 
(APC of –0.66%) and a small increase in New Zealand 
(APC = 0.85%).

North America 
In North America, pancreas cancer mortality rates 

were comparable in Canada and USA over the period 
1955-2015. In 1955-1959, similar mortality rates were 

observed in both countries for both genders while in 
recent years (2013-2015), higher mortality rates were 
observed in the USA compared to Canada (7.4 vs. 6.9 in 
men and 5.4 vs. 5.2 in women). In men, steady increas-
es in mortality were observed since 1955 until the early 
1970’s then declines in mortality occurred until recent 
years when mortality became lower than in the 1950’s. 
In women, slight increases in mortality were observed 
with mortality rates varying from 4.7 in 1955-1959 to  
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5.2 in recent years (2013-2015) in Canada, and from  
4.6 to 5.4 in the USA.

Central and South America 
In Central and South America, similar pancreas cancer 

mortality trends were observed in both genders over the 
period 1996-2015. Stable mortality trends were observed in 
Colombia, while small increases in mortality were observed 
in Chile and Brazil, and slight declines were observed in 
Mexico and Costa Rica. In recent years (2013-2015), the 
highest mortality rates were observed in Chile (5.3 in men 
and 4.4 in women), while the lowest rates were observed in 
Colombia (3.2 in men and 3.1 in women) (Figure 4).

Survival
Age-standardised five-year relative survival for 

pancreas cancer patients was very low. Eurocare-5 data 
showed that Western and Eastern European countries 
had a  five-year age standardised relative survival for 
the period 2000-2007 in the vicinity of 5% (Figure 5A). 
A  higher survival was reported for Croatia (10.9%), 
however, Eurocare-5 survival analysis cautions that this 
may be due to a series of data quality related issues, such 
as poor follow-up, or underreporting of bad prognosis 
pancreas cancers. SURVCAN data reported survival for 
five Asian countries, going from 4.1% in Singapore to 
17.2% in Hong Kong. 
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Survival trends in the USA (Figure 5B) showed that 
five-year relative survival increased from 3.44% for men 
(5.38% for women) in 1973 to 8.08% for men (10.22% for 
women) in 2010. One-year relative survival was also low: 
34.51% for men and 38.12% for women in 2014. Survival 
rates were marginally better for women than for men.

Survival trends for Nordic European countries were 
available for diagnoses between 1966 and 2015, by five-
year periods. They showed a situation similar to the USA, 

with one-year survival reaching 30% in recent years and 
five-year survival being below 10% (Figure 5C). 

Survival data by stage at diagnosis was available 
from the SEER database for the USA (Figure 5D). Five-
year age-standardised relative survival showed almost 
no improvement in survival of distant stages over time, 
and little improvement for regional stages. Five-year 
survival for localised stages has increased to almost 36% 
in 2010.
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Survival was highest for the younger age groups and was 
increasingly lower for older age groups (data not shown).

Discussion
Disparities in pancreas cancer incidence and mortal-

ity were observed around the world. Higher incidence 
rates for both genders were observed in Europe, North 
America, Oceania and Eastern Asia compared to coun-
tries from Southern Asia, Central and South America 
and Africa. Higher mortality rates were observed in 
Europe, the Middle-East, Oceania and North America 
while lower rates were observed in Asia, Central and 
South America and Africa with the exception of Japan 
and the Republic of Korea which have relatively high 

mortality rates in both genders, in recent years. Although 
incidence and mortality rates are lower in Asian coun-
tries, important increases in rates were observed in the 
last decades for both genders. These increasing trend 
were also observed in China [17] and Taiwan [18]. In 
addition to these geographical disparities, a gender dif-
ference was observed for both incidence and mortality, 
with slightly higher rates in men than in women and 
more favourable recent trends for men than for wom-
en. In all studied countries, incidence of pancreas cancer 
was close to the mortality which was translated into very 
low survival rates observed worldwide (3.0-17.2%) with 
the chances of survival declining drastically between the 
first and the fifth year after diagnosis. Better survival was 
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Fig. 4. Mean age-standardised pancreas cancer mortality over the period 2013-2015, by country and by gender

observed for tumours diagnosed at earlier stages, but 
even patients diagnosed with localised tumours had low 
five-year survival (35%). 

Geographical disparities in incidence may arise from 
different diagnostic capacity across countries. Indeed, 
higher incidence in developed countries could reflect 
a  larger capacity of diagnostic compared to that of less 
developed countries, rather than the aetiology of pancre-
as cancer itself [19]. Also, more accurate diagnoses could 
be made in developed countries because of their more 
advanced health care systems. In Japan, the introduc-
tion of non-invasive imaging techniques such as ultra-
sound and computed tomography in 1981 has certainly 
improved the detection rate of pancreas cancer and its 
diagnostic accuracy [20]. The improvement in diagnostic 
methods and death certification of pancreas cancer may 
also explain the differences in mortality trends around 
the world. The important increases in pancreas mortal-
ity observed in Asian countries could also be explained  
by the progressive adoption of a western lifestyle. 

Smoking is the best established risk factor leading to 
pancreas cancer, explaining about 25% of all cases [21, 22]. 
Hence, another potential hypothesis for these differenc-
es could come from the differences in smoking patterns 
across countries. As many middle-income countries are 
still in the early stage of the tobacco epidemic [23], the 
effects of the exposure to smoking carcinogens will later 
be observed in these populations. Tobacco smoking may 
also explain the different trends in mortality observed 
worldwide. Some trends in pancreas cancer mortality 
reflect patterns of tobacco consumption. For example, 
declines in pancreas cancer mortality occurring in the 
eighties in North America, Oceania or Western Europe 
correlate well with the implementation of tobacco control. 
Other important risk factors such as diabetes and obesity 
[22] may have had an impact on the recent pancreas can-
cer incidence and mortality trends, given that obesity and 
diabetes have been rising during the last decades. These 
factors would explain the levelling off observed in North 
America, Oceania and Western Europe.
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Concerning the gender differences, it is not quite 
clear why rates are slightly higher in men compared to 
women but a potential explanation would be that they are 
less exposed than men to environmental risk factors for 
pancreas cancer, in particular smoking [24, 25]. Anoth-
er hypothesis would be that female hormones could 
protect against pancreas cancer since oestrogen-only 
therapy appeared to reduce the risk of pancreas cancer 
in women [26]. This study tried to give a global picture 
of the burden of pancreas cancer worldwide through 
its incidence, mortality and survival. However, some 
limitations should be addressed. Firstly, due to the con-
straint of national registries, the incidence of pancreas 
cancer was depicted for only 26 countries including ten 
countries with regional registries. Some regional cancer 
registries were finally included to have a  better world-
wide representativeness. Nonetheless, these regional 
data could be less accurate since they do not cover the 
whole population and small populations are more prone 
to random fluctuations. Also, there are disparities in 
methods of registering and quality, coverage and com-
pleteness of cancer registration across countries [27]. 
Secondly, in order to compare incidence with mortality, 
an effort was made to take the same countries which lead 
to include countries with low quality of data for mortali-
ty in Thailand and South Africa [8]. Thirdly, comparison 
of incidence and mortality within and between countries 
is complex since periods of available data are different. 
Indeed, incidence data were available until 2012 while 
data on mortality were available until 2015 and periods 
of available data varied from country to country. Fourth-
ly, the comparison of survival data between countries 
were limited. First because Eurocare and SEER data used 
the ICSS for age-standardisation while NORDCAN and 
SURVCAN data used an alternative approach. Second, 
because period of available data were different between 
countries. Fifthly, data in Africa are scarce, only Uganda 
for incidence and South Africa for mortality were avail-
able which prevent to conclude on the burden of pan-
creas cancer in Africa. However, the low occurrence of 
pancreas cancer observed in Uganda was also confirmed 
in Middle Africa with incidence rate of 1.0 [28]. The epi-
demiology of pancreas cancer in low and middle income 
countries is poorly understood, with a dearth of available 
data, and need to be improved.

Conclusions
This article provides an overview of the current 

situation of pancreas cancer worldwide. Disparities in 
pancreas cancer incidence and mortality were observed 
around the world with generally higher rates in high 
income countries compared to low and middle income 
countries. Slightly higher rates were observed in men 
compared to women for both incidence and mortality. 
Globally, pancreas cancer mortality rates were close to 
incidence rates which reflects the poor prognosis of this 

cancer with five-year survival rates below 10%. However, 
increases in survival rates since the 1970’s and better sur-
vival in patients with a localised cancer give some hope 
for the future and suggest that early detection through 
the screening of population at risk and the develop-
ment of molecular biomarkers should be the priority to 
improve outcomes of pancreas cancer.
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Appendix S1. List of regional registries included (in alphabetical order)

Country Registries Period available

Australia Queensland, South Australia, Tasmania, Victoria, Western Australia, Nor-
thern 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; Mi-
chigan: Detroit; New Mexico; Utah; Washington: Seattle (SEER registries)

1978-2012

Appendix S2. Literature search for survival data

The literature search in the PubMed database was performed in November 2018, for publications reporting national 
or regional pancreas cancer survival rates. Eligible studies needed to be population-based and to report age-stand-
ardised five-year relative survival. Only reports for the countries included in this study (as described in the Methods 
section) were included. Studies on specific sub-groups of populations (such as specific treatment) were excluded.
The search strategy yielded 464 results, 406 of which were excluded based on title and abstract. Of the remaining 58 
publications, only one fit the eligibility criteria and was included in this study. The following Pubmed search query 
was used:
(survival[Title/Abstract]) 

AND 
(“pancreas cancer” [Title/Abstract] OR “pancreas neoplasm” [Title/Abstract] OR “pancreas carcinoma” [Title/
Abstract] OR “pancreatic cancer” [Title/Abstract] OR “pancreatic neoplasm” [Title/Abstract] OR “pancreatic carci-
noma” [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])


