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Pancreatic cancer is the 13th most common cause of cancer and represents the 7th 

most frequent cause of cancer death worldwide [1, 2]. In Italy, it ranks as the 9th most 

frequent cancer and the 6th more frequent cause of cancer death, with 10,446 

pancreatic cancers and 9684 pancreatic cancer deaths in 2008 [1, 2]. Higher rates have 

been reported in high-income areas, while rates are intermediate in South and Central 

America and eastern Asia, and lowest in low-income areas. Men have an 

approximately 1.5-fold greater rates than women [3]. Pancreatic cancer is a highly 

aggressive cancer and its survival has remained very low over the last few decades (5-

year relative survival <5%) [4, 5]. 

Most pancreatic cancers arise from the exocrine pancreas, while endocrine subtypes, 

such as Islet-cell tumors, sarcomas, and lymphomas, are very uncommon [3]. 

Approximately 90% of pancreatic neoplasms are adenocarcinomas, two-thirds of which 

occur in the head of the organ with the remainder in the body or tail. 

Pancreatic cancer is commonly diagnosed through imaging techniques, including, 

transcutaneous ultrasound, computed tomography (CT), magnetic resonance imaging, 

and more recently endoscopic ultrasound (EUS) [6, 7]. Biopsies in patients with 

resectable tumors can be taken during surgery, while for patients who are not suitable 

candidates for radical surgery, the most common approaches to obtain a tissue are by 

CT-guided biopsy, endoscopic retrograde cholangiopancreatography, or EUS with fine-

needle aspiration. Because the organ is inconveniently located and because of the 

morbidity associated with biopsy, pancreatic cancer continues to have among the 

lowest proportion of histologically verified cases among major cancers [3]. 

Treatment for patients with early stage pancreatic cancer (TNM stage I and stage II) 

includes radical surgery, i.e., pancreatic resection according to Whipple procedure, 

distal pancreatectomy, or total pancreatectomy [6]. Only a low proportion of patients 

(15-20%), however, present with a locally resectable tumor, while most cases present 

with unresectable tumors (TNM stage III and IV). Chemotherapy alone (e.g., 5-

fluorouracil, gemcitabine or combination chemotherapy regimens) or with 

radiotherapy is suggested in patients with resected pancreatic cancer, although 

improvement in survival is still very poor [8]. Chemotherapy alone or in combination 

with radiotherapy might also be used in non resectable tumors to relieve some of the 

symptoms.  

Up to 10% of pancreatic cancer patients report a family history of the disease [3]. A 

family history of pancreatic cancer in first-degree relatives is associated to a 2 to 4-fold 

excess risk of pancreatic cancer [9, 10], the risk increasing with the number of relatives 

affected. This familial clustering may be due to inherited mutations in specific genes 

[11], to polymorphic mutations in genes involved in tobacco or alcohol metabolisms, or 

to shared environment exposures.  

Among environmental factors, cigarette smoking is the major established risk factor 

for pancreatic cancer, although it explains a limited proportion of all cancers only [3, 
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12-16]. Most epidemiological studies reported that current cigarette smokers have 

about a 2-fold increased risk of pancreatic cancer as compared with never smokers. 

With reference to other types of smoking, cigar smoking has been associated to a 50-

60% increased risk of pancreatic cancer, while pipe smoking has been associated to a 

lower excess risk, and no association was found for smokeless tobacco [13, 17]. 

Other recognized risk factors are overweight/obesity [18-21] and diabetes mellitus [22-

24] - that is a correlate of overweight -, the RR of pancreatic cancer being 

approximately 1.5 for obese subjects, and between 2 and 3 for diabetics.  

Patients with chronic pancreatitis have also been reported to have an increased risk of 

developing pancreatic cancer [25, 26]. Other medical conditions, such as gallstones, 

cholecystectomy, peptic ulcer, and peptic ulcer surgery, have been investigated in 

relation to pancreatic cancer but results have been inconsistent [26].  

Epidemiological studies have extensively analyzed the relation between diet and 

pancreatic cancer, but no consistent association has been found except for a possible 

increased risk for low intake of fruit and vegetables and high intake of meat [21, 27]. 

Low-to-moderate levels of alcohol consumption are not associated to pancreatic 

cancer risk, but heavy consumption is associated to an approximate 60% excess risk 

[28, 29]. 

 

 

Aims of the dissertation 

In order to further address some open issues in the etiology of this neoplasm, within 

this dissertation I considered various epidemiological aspects of pancreatic cancer, 

including a descriptive overview of mortality trends in Europe and in selected areas of 

the world over the last few decades and a further evaluation of selected lifestyle and 

environmental risk factors for this neoplasm. In particular, the work of the dissertation 

was focused on the quantification of dose-risk and duration-risk relationships with 

cigarette smoking, the role of diabetes, with particular reference to time since 

diagnosis, the association with ulcer and its treatments, and the identification of 

favorable/unfavorable dietary patterns through the adoption of various methods to 

combine different foods and nutrients. 

 

World Health Organization data 

Data used for the descriptive analyses of mortality from pancreatic cancer were 

derived from the online databank of the World Health Organization Statistical 

Information System (WHOSIS) containing, in a standard format, numbers of deaths by 

cause, sex, age, calendar year and country from major selected cancer sites and a few 

other major causes for the European countries and about 30 extra-European countries 

[30]. The database also comprises estimates of the resident population in the various 

countries and calendar years, starting from 1950. This data bank is periodically 



Chapter 1. 

10 

updated with the new data for the most recent years, as they become available at 

WHOSIS. 

The databank has long been used by the Department of Epidemiology of the Mario 

Negri Institute, Milan to monitor cancer mortality in Europe and other selected areas 

of the world. Within this project, I have collaborated in the development of programs 

to extract the raw data from the WHO databank, to compute sex-, age-specific rates 

and age-standardized rates, and to produce tables and graphs. 

 

International Pancreatic Cancer Case Control Consortium (PanC4). 

For the investigation of cigarette smoking and ulcer, I used data from the International 

Pancreatic Cancer Case Control Consortium (PanC4). The PanC4 is a Consortium of 

over 12 case-control studies of pancreatic cancer which involves a group of scientists 

from diverse biomedical disciplines (Epidemiology, Genetics, Biostatistics, 

Bioinformatics, Molecular Biology, Gastroenterology, Surgery) across the world. It was 

set up in February 2006 by Dr. Paolo Boffetta (at that time at the International Agency 

for Research on Cancer, IARC, Lyon, France) with the aim of improving the 

understanding of the causes of pancreatic cancer through pooled analyses of data 

from these case-control studies (http://panc4.org/index.htm). The Consortium also 

includes data from two case-control studies conducted in Italy by the Department of 

Epidemiology of the Mario Negri Institute, Milan in the late 1980’s and late 1990’s, 

respectively. 

 

Italian case-control studies 

For the investigation of diabetes and dietary correlates of pancreatic cancer I used 

data from the two Italian case-control studies. These studies are part of a network of 

hospital-based case-control studies conducted in Italy and Switzerland since the early 

1980’s by the Department of Epidemiology of the Mario Negri Institute, Milan, to 

investigate the role of various environmental risk factors for common neoplasms. 

These studies were conducted in major general and teaching hospitals of the study 

areas, and included incident, histologically confirmed cancer cases and a group of 

controls, selected among patients admitted to the same hospitals as cases for a series 

of acute, non-neoplastic conditions, not related to known risk factors of the cancers 

under investigation. Similar protocols and questionnaires have been used to assess the 

role of various lifestyle and environmental exposures. Since the 1990’s, a more 

detailed questionnaire was adopted, including a validated and reproducible food 

frequency questionnaire to investigate the patients’ usual diet. The two case-control 

studies on pancreatic cancer were conducted in Italy respectively between 1983 and 

1992 on 362 incident cases of pancreatic cancer cases and 1,552 controls and between 

1992 and 2008 on 326 incident cases and 652 controls. 
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Outline of the dissertation 

The global overview of recent trends in pancreatic cancer mortality in Europe and 

selected other areas of the World is provided in Chapter 2. Although this overview has 

mainly a descriptive aim, a few general comments and selected relevant references 

were included in order to assist reading and interpreting such trends in terms of 

changes in risk factors exposures and in disease treatment over time.  

Chapter 3.1 presents the quantification of the role of cigarette smoking on pancreatic 

cancer and its dos-e and duration-risk relationships within the PanC4 study. 

The results of the analyses on the role of ulcer and its treatments on pancreatic cancer 

within the PanC4 study are given in Chapter 3.2.  

The quantification role of diabetes on pancreatic cancer in one of the case-control 

study conducted in the Italian population is given in Chapter 4.1.  

Chapter 4.2 presents the relation between pancreatic cancer and adherence to the 

Mediterranean diet, measured using a priori defined scores proposed in the literature 

and adopted in various other epidemiological studies. 

The role of combinations of foods and nutrients on pancreatic cancer has also been 

analyzed in Chapter 4.3 through the identification of a posteriori dietary patterns built 

on the specific dietary data under consideration.  

Chapter 5 summarizes and discusses the results of the overall work done in the 

dissertation. 
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Abstract 

Pancreatic cancer mortality rates have been increasing in high-income countries 

between the 1950’s and the 1980’s, and have leveled off or declined thereafter, 

particularly in men. To provide a global overview of recent pancreatic cancer mortality, 

we analyzed official death certification data derived from the World Health 

Organization for 35 European countries and 19 other countries over the period 1980-

2007. In 2007, the highest mortality rates from pancreatic cancer were in the Baltic 

countries, and some central/eastern and northern European countries (over 

9.5/100,000 men and 6/100,000 women), while the lowest ones were in Latin America 

and Hong Kong (below 5/100,000 men and 3/100,000 women). Japan, the USA, Russia 

and the European Union (EU), as well as the largest countries in the EU, had rates 7-

9/100,000 men and 5-6/100,000 women. In the early 2000’s, rates have been 

approximately stable in many European countries, as in the USA, Japan and Australia. 

In Nordic countries and the UK, where declines in rates have been observed since the 

1980’s, mortality from pancreatic cancer seems to have reached a plateau, and have 

tended to rise over most recent calendar years. Some persisting rises were still found 

in men from a few countries of southern and central/eastern Europe (with low rates in 

the past), as well as in the EU overall, and in women from European and Asian 

countries. Recent trends were generally more favorable in young adults (30-49 years), 

suggesting that overall trends are likely to improve in the next future. 



Ulcer, Gastric Surgery and Pancreatic Cancer Risk: an Analysis of the Panc4 

17 

Introduction 

Pancreatic cancer is an highly aggressive cancer and represents the 7
th

 most frequent 

cause of cancer death worldwide (the 3
th

 one in the USA and the European Union, EU) 

with an estimated 266,000 deaths, out 277,000 new cases in the world in 2008 [1, 2]. 

Rates are higher in more high-income areas of the world, intermediate in South and 

Central America and eastern Asia, and lowest in low-income areas. 

Mortality from pancreatic cancer has been increasing in high-income countries 

between the 1950’s and the 1980’s, and has been leveling off or declined thereafter, 

particularly in men. In men from the EU, rates increased up to the late 1980’s and 

leveled off thereafter around 7.5/100,000 (age-standardized rate, world standard 

population), while they modestly rose in women, to reach 5/100,000 in the early 

2000’s [3, 4]. In the USA, mortality from pancreatic cancer has been stable or declining 

since the mid 1970’s in men, but it has been slightly increasing up to more recent 

calendar years in women [5]. In Japan rates leveled off since the late 1980’s in men 

(around 8.7/100,000 in 2004), but less so in women (5.1/100,000) [6]. 

To provide a global overview of recent rates of pancreatic cancer mortality in Europe 

and other areas of the world, we considered mortality up to 2007 in 54 countries, and 

the EU as a whole. We also used joinpoint regression [7] to analyze trends in 

pancreatic mortality between 1980 and 2007 for the 19 major countries considered.  

 

 

Materials and methods 

Official death certification data from pancreatic cancer for 35 European countries and 

other 19 countries in the world providing reliable data over the period 1980-2007 were 

derived from the World Health Organization (WHO) database [8].  

In Europe, we excluded Albania, Macedonia and Republic of Moldova whose national 

coverage was below 90%, and Cyprus, whose data were available only for a few recent 

years in the WHO database. Countries of the former Soviet were also not included 

because of the generally low national coverage. Israel was included among European 

countries, according to the WHO definition. The EU was defined as the 27 member 

states as in 2004, excluding Cyprus. For the Americas, only 13 countries with more 

than 2 million inhabitants and with sufficiently detailed age-stratified mortality data 

were included (i.e., Canada and the USA, Argentina, Brazil, Chile, Colombia, Costa Rica, 

Cuba, Ecuador, Mexico, Puerto Rico, Uruguay and Venezuela). Mortality data from 

pancreatic cancer were also available for 4 Asian countries (i.e., Hong Kong, Japan, 

Republic of Korea and Singapore), and for Australia and New Zealand. In a few 

countries, data were missing for one or more calendar years. No extrapolation was 

made for missing years.  

In the 1980s, most countries utilized the 9th Revision of the International Classification 

of Diseases (ICD) [9], but some still used the 8
th

 Revision [10]; in the 1990’s, most 
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countries adopted the 10
th

 Revision [11]. Since differences between various revisions 

were generally minor, pancreatic cancer deaths were recoded for all countries 

according to the 10
th

 Revision of the ICD (code=C25).  

Estimates of the resident populations for the corresponding calendar periods, based 

on official censuses, were extracted from the same WHO database [8]. For the 

Americas, data from certain years onwards were not available in the WHO database 

and were thus extracted from the Pan American Health Organization (PAHO) database 

[12]. Since the PAHO publication provided sex and 5-years age groups (from 0-4 to 80 

or more years) for selected years only (i.e., 1995, 2000, 2005), sex- and age-specific 

data for missing years were estimated by interpolation using the last available year in 

the WHO database. 

From the matrices of certified deaths and resident population, we computed age-

specific rates for each calendar year, and age group (from 0, 1-4 to 85 or more years, 

except for selected Latin American countries (Argentina, Chile, Costa Rica, Cuba and 

Mexico) for which 80 or more years was the last age group available. Age-standardized 

mortality rates per 100,000 men and women were computed using the direct method 

on the basis of the world standard population [13] at all ages and, for selected 

countries, in population aged 30-49 years. 

To identify significant changes in mortality trends for 19 major countries, we 

performed joinpoint regression analysis using the “Joinpoint” software from the 

Surveillance Research Program of the US National Cancer Institute [14]. This allows to 

identify years where a significant change in the linear slope of the trend (on a log-

scale) is detected over the study period [7]. The estimated annual percent change 

(APC) was then computed for each of the identified trends by fitting a regression line 

to the natural logarithm of the rates using calendar year as a regressor variable (i.e., 

given y=a+bx, where y=ln(rate) and x=calendar year, the APC is estimated as 100*(e
b
-

1)).  

 

 

Results 

Table 1 gives the overall age-standardized mortality rates from pancreatic cancer per 

100,000 men and women in selected European countries and in the EU as a whole 

around 1997 (1995-99), 2002 (2000-2004) and in 2007 (when available), and the 

corresponding percent changes.  

In the EU, mortality rates in men were constant between 1997 and 2002 around 7.5-

7.6/100,000, and increased to 8/100,000 in 2006. In countries of northern Europe, 

including the United Kingdom and Sweden where mortality from pancreatic cancer 

was high in the past, rates have been declining between 1997 and 2002, while a 

reversal of trends was observed in the last 5 years. Trends were declining in countries 

of central/eastern Europe with highest rates, such as Croatia, the Czech Republic, and 
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Hungary, but not in Russia, where mortality rates reached 8.5/100,000 men in 2006. In 

contrast, in previously low rates countries from southern Europe, including France, 

Italy, Greece, but also Bulgaria and Romania, pancreatic cancer rates were still 

increasing over the last decade. In EU women, mortality from pancreatic cancer 

increased from 4.8/100,000 in 1997 to 5.3/100,000 in 2006. Over the last decade, 

female mortality rates rose in most European countries, a few exception being Austria, 

Denmark and Portugal, where a decrease over the most recent years was observed. 

 

Table 1. Overall age-adjusted (world population) mortality rates from pancreatic 

cancer per 100,000 men and women in selected European countries and in the 

European Union (EU), around 1997 (1995-99), 2002 (2000-04) and in 2007 (unless 

otherwise indicated), and the corresponding changes in rates. 

Country 

Men Women 

1997 2002 2007 
N. 

deaths
*
 

% 

change 

2002/ 

1997 

% 

change 

2007/ 

2002 

1997 2002 2007 
N. 

deaths
*
 

% 

change 

2002/ 

1997 

% 

change 

2007/ 

2002 

Austria 8.87 8.75 8.65 652 -1.4 -1.1 5.98 6.31 6.29 727 5.5 -0.3 

Belarus (2002-03) - 7.02 6.78 400  -3.4 - 3.23 3.18 331 - -1.5 

Belgium (2004) 7.29 7.12 - - -2.3  4.93 4.31 - - -12.6 - 

Bulgaria 6.88 7.38 8.69 577 7.3 17.8 3.5 3.91 4.45 419 11.7 13.8 

Croatia 8.65 8.52 8.34 319 -1.5 -2.1 4.91 4.71 5.53 312 -4.1 17.4 

Czech Republic 10.8 10.94 10.72 897 1.3 -2.0 6.83 7.01 6.96 884 2.6 -0.7 

Denmark (2006) 7.81 7.86 8.87 441 0.6 12.8 6.41 6.54 6.17 400 2.0 -5.7 

Estonia 10.7 10.45 10.66 103 -2.3 2.0 4.51 5.17 5.32 105 14.6 2.9 

Finland 8.6 8.59 9.12 447 -0.1 6.2 5.94 6.37 6.73 515 7.2 5.7 

France 7.46 7.58 7.93 4431 1.6 4.6 4.12 4.43 4.92 4192 7.5 11.1 

Germany (2006) 8.2 8.2 8.29 6729 0.0 1.1 5.39 5.56 5.77 7213 3.2 3.8 

Greece 6.26 6.54 7.07 813 4.5 8.1 3.8 3.86 4.49 673 1.6 16.3 

Hungary 11.23 10.95 10.66 838 -2.5 -2.6 6.61 6.57 7.15 909 -0.6 8.8 

Iceland 8.85 7.04 8.13 19 -20.5 15.5 7.51 5.28 7.88 20 -29.7 49.2 

Ireland 7.46 7.09 8.06 238 -5.0 13.7 5.39 5.3 5.48 227 -1.7 3.4 

Israel 7.32 8.76 7.97 351 19.7 -9.0 5.01 5.68 5.07 306 13.4 -10.7 

Italy (2000-03) 7.36 7.4 7.63 4750 0.5 3.1 4.72 5.06 5.3 5084 7.2 4.7 

Latvia (1996-99) 11.74 10.82 9.59 153 -7.8 -11.4 5.32 5.26 5.62 178 -1.1 6.8 

Lithuania 10.18 9.81 11.1 249 -3.6 13.1 4.47 4.62 4.3 189 3.4 -6.9 

Luxembourg (2006) 7.28 8.55 5.85 20 17.4 -31.6 4.64 5.53 2.68 18 19.2 -51.5 

Macedonia (2000-03) 6.25 6.16 - - -1.4 - 3.71 3.13 - - -15.6 - 

Malta 9.12 8.43 10.3 36 -7.6 22.2 5.98 6.33 5.31 26 5.9 -16.1 

Netherlands 6.96 7.06 7.71 1119 1.4 9.2 5.45 5.38 5.65 1090 -1.3 5.0 

Norway 7.1 7.22 7.12 309 1.7 -1.4 5.57 5.7 6.07 350 2.3 6.5 

Poland (1995-96,1999) 8.06 8.02 8.15 2174 -0.5 1.6 4.95 5.02 5.23 2202 1.4 4.2 

Portugal (2006) 5.75 5.64 6.22 585 -1.9 10.3 3.17 3.33 2.97 435 5.0 -10.8 

Republic of Moldova 7.27 7.55 8.24 166 3.9 9.1 3.81 3.61 4.39 129 -5.2 21.6 

Romania 7.5 8.17 8.7 1421 8.9 6.5 3.75 4.13 4.55 1050 10.1 10.2 

Russian Federation 

(1999/2006) 7.5 8.52 8.49 7117 13.6 -0.4 3.7 4.28 4.52 6999 15.7 5.6 

Slovakia (2005) 9.45 9.75 10.47 352 3.2 7.4 4.89 5.01 5.88 315 2.5 17.4 

Slovenia 7.87 8.17 9.39 158 3.8 14.9 5.26 5.14 5.37 141 -2.3 4.5 

Spain (2005) 6.06 6.44 6.33 2420 6.3 -1.7 3.42 3.75 3.81 2171 9.6 1.6 

Sweden 7.5 7.41 7.57 714 -1.2 2.2 6.39 6.47 6.61 822 1.3 2.2 

Switzerland 6.81 6.84 6.81 484 0.4 -0.4 4.94 4.82 5.34 542 -2.4 10.8 

United Kingdom 6.39 6.37 6.63 3763 -0.3 4.1 4.68 4.76 5.11 3996 1.7 7.4 

EU (2006) 7.51 7.62 7.95 30289 1.5 4.3 4.78 4.98 5.32 30365 4.2 6.8 

*
Number of deaths in the more recent year available. 
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Overall age-standardized mortality rates from pancreatic cancer per 100,000 men and 

women from other selected countries of the world around 1997 (1995-99), 2002 

(2000-2004) and 2007 (when available), and the corresponding percent changes are 

given in Table 2.  

In the USA and Japan, where mortality has been declining since the previous decades, 

but also in Argentina, Colombia, Puerto Rico and Hong Kong, rates declined between 

1997 and 2002, with a reversal of trends over the most recent years. Mortality was 

declining over the last decade in Costa Rica and New Zealand, and in the last 5 years 

only in other countries, including Mexico and Australia. In women from Argentina, the 

USA, and New Zealand rates declined between 1997 and 2002, but, as for men, trends 

showed a reversal over the last 5 years. Mortality declined over the last decade in 

most other American countries, with the exception of Puerto Rico, while they 

increased in Asian countries. 

 

Table 2. Overall age-adjusted (world population) mortality rates from pancreatic 

cancer per 100,000 men and women in other selected countries of the world, around 

1997 (1995-99), 2002 (2000-04) and in 2007 (unless otherwise indicated), and the 

corresponding changes in rates. 

Country 

Men Women 

1997 2002 2007 
N. 

deaths
*
 

% 

change 

2002/ 

1997 

% 

change 

2007/ 

2002 

1997 2002 2007 
N. 

deaths
*
 

% 

change 

2002/ 

1997 

% 

change 

2007/ 

2002 

AMERICA             

Argentina (1997-99) 7.26 7.05 7.45 1773 -2.9 5.7 5.04 4.94 5.26 1907 -2.0 6.5 

Brazil (1996-99/2005) 3.28 3.36 3.61 2858 2.4 7.4 2.41 2.66 2.81 2871 10.4 5.6 

Canada 6.98 6.8 - - -2.6 - 5.17 5.1 - - -1.4 - 

Chile (1997-99/2005) 4.42 4.63 4.44 393 4.8 -4.1 3.7 4.16 4.14 488 12.4 -0.5 

Colombia (1997-

99/2000-

02,2004/2006) 2.81 2.75 2.94 527 -2.1 6.9 2.8 2.68 2.65 586 -4.3 -1.1 

Costa Rica (1997-

99/2006) 4.34 4.19 4.06 80 -3.5 -3.1 3.76 3.69 3.26 78 -1.9 -11.7 

Cuba . 4.3 4.21 387  -2.1 . 3.37 3.27 360  -3.0 

Ecuador (1997-

99/2006) 2.26 2.26 2.21 131 0.0 -2.2 2.31 2.32 1.98 137 0.4 -14.7 

Mexico (1998-99) 3.66 3.69 3.41 1602 0.8 -7.6 3.56 3.44 3.27 1783 -3.4 -4.9 

Puerto Rico 

(1999/2000-03/2005) 3.99 3.46 3.83 115 -13.3 10.7 2.17 2.25 2.51 106 3.7 11.6 

USA (2005) 7.33 7.28 7.39 16147 -0.7 1.5 5.3 5.27 5.38 16613 -0.6 2.1 

Uruguay (1997-

99/2000-01,2004) 7.77 7.51 - - -3.3 - 5.18 5.48 - - 5.8 - 

Venezuela (1996-99) 3.34 2.93 2.94 337 -12.3 0.3 2.87 2.78 3.05 385 -3.1 9.7 

ASIA, OCEANIA             

Hong Kong  4.1 3.92 4.29 240 -4.4 9.4 2.54 2.76 2.86 194 8.7 3.6 

Japan 8.62 8.51 8.68 13029 -1.3 2.0 4.82 4.95 5.17 11605 2.7 4.4 

Republic of Korea 

(2006) 7.14 7.59 7.32 1898 6.3 -3.6 3.63 3.96 4.19 1565 9.1 5.8 

Singapore (2006) 4.87 5.41 5.24 107 11.1 -3.1 3.2 3.68 3.78 94 15.0 2.7 

Australia (2006) 6.07 6.19 5.95 997 2.0 -3.9 4.53 4.5 4.43 978 -0.7 -1.6 

New Zealand (2006) 5.81 5.6 4.8 156 -3.6 -14.3 4.73 4.06 4.44 199 -14.2 9.4 

*
Number of deaths in the more recent year available. 
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In 2007, the highest mortality rates in men were in the Baltic countries, the Czech 

Republic, Hungary, Slovakia and Slovenia, and Nordic countries (over 9/100,000), while 

the lowest ones were in Latin America and Hong Kong (below 5/100,000) (Figure 1). 

Japan, the USA, Russia and the EU, as well as the largest countries in the EU, had rates 

within the relatively narrow range of 7 to 9/100,000. In women, the highest mortality 

rates were in Hungary, the Czech Republic and Nordic countries (over 6/100,000), the 

lowest ones in Portugal, Luxemburg, Hong Kong, and Latin America (below 3/100,000). 

Most large countries had rates within the relatively narrow range of 5 to 6/100,000. 

 

 

Figure 1. Age-standardized (world population) death certification rates per 100,000 for 

cancers of the pancreas in men and women from selected countries worldwide, 2005-

2007. 

 

 

 

We also considered trends in population aged 30-49 years in 19 selected countries 

worldwide and in the EU as a whole (Table 3).  

Rates in male young adults showed favorable trends over the last decade in most 

countries considered, the major exceptions being the Russian Federation and Spain. 

The highest male rates in 2007 were in Hungary (4.8/100,000), Russia (4.3), Romania 
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(3.3) and the Czech Republic (3.2), while most other countries had rates between 1 and 

2/100,000. In young women, too, trends were more favorable than those in the overall 

female populations, with declines in mortality – at least over the last 5 years – in 

several countries worldwide, including Germany, Poland, Romania, Sweden, the United 

Kingdom, the USA, and Brazil. Rates were, however, still rising in other European 

countries, as well as in the EU and in Argentina. As for men, the highest female rates 

were in Hungary (2.8/100,000) and Russia (1.6), while most other countries had rates 

between 1 and 1.5/100,000. 

 

 

Table 3. Age-adjusted (world population) mortality rates from pancreatic cancer per 

100,000 men and women aged 30-49 years in selected countries worldwide of the 

world, around 1997 (1995-99), 2002 (2000-04) and in 2007 (unless otherwise 

indicated), and the corresponding changes in rates. 

Country 

Men Women 

1997 2002 2007 
N. 

deaths
*
 

% 

change 

2002/ 

1997 

% 

change 

2007/ 

2002 

1997 2002 2007 
N. 

deaths
*
 

% 

change 

2002/ 

1997 

% 

change 

2007/ 

2002 

EUROPE             

Czech Republic 3.81 3.46 3.24 45 -9.2 -6.4 2.04 1.75 1.40 19 -14.2 -20.0 

France 2.46 2.46 2.23 190 0.0 -9.3 1.08 1.20 1.43 125 11.1 19.2 

Germany (2006) 2.51 2.28 2.12 284 -9.2 -7.0 1.31 1.30 1.27 163 -0.8 -2.3 

Hungary 5.15 5.34 4.82 62 3.7 -9.7 2.06 2.40 2.77 37 16.5 15.4 

Italy (2000-03) 2.19 2.04 1.83 164 -6.8 -10.3 1.06 1.16 1.44 129 9.4 24.1 

Netherlands 1.94 1.75 2.03 52 -9.8 16.0 1.46 1.49 1.43 35 2.1 -4.0 

Poland (1995-96,1999) 3.45 3.43 2.88 155 -0.6 -16.0 1.52 1.49 1.41 76 -2.0 -5.4 

Romania 4.25 4.20 3.25 92 -1.2 -22.6 1.63 1.55 1.18 35 -4.9 -23.9 

Russian Federation 

(1999/2006) 3.93 4.28 4.29 921 8.9 0.2 1.36 1.48 1.63 381 8.8 10.1 

Spain (2005) 2.38 2.41 2.42 155 1.3 0.4 1.04 1.12 1.35 86 7.7 20.5 

Sweden 1.72 1.61 1.11 14 -6.4 -31.1 1.48 1.37 1.27 15 -7.4 -7.3 

United Kingdom 1.72 1.81 1.66 145 5.2 -8.3 1.08 1.06 1.03 91 -1.9 -2.8 

European Union 

(2006) 2.60 2.55 2.32 1465 -1.9 -9.0 1.26 1.31 1.35 850 4.0 3.1 

AMERICA             

USA (2005) 2.20 2.11 2.10 932 -7.7 -1.3 1.30 1.29 1.50 679 7.1 -2.0 

Argentina 2.46 2.27 2.24 99 -0.8 3.1 1.41 1.51 1.48 69 7.9 26.8 

Brazil (2005) 1.31 1.30 1.34 299 7.0 -2.9 0.76 0.82 1.04 253 0.9 -9.6 

Mexico 1.28 1.37 1.33 158 -4.1 -0.5 1.14 1.15 1.04 133 -0.8 16.3 

ASIA, OCEANIA             

Japan 2.54 2.31 2.10 337 -9.1 -9.1 1.25 1.16 0.85 135 -7.2 -26.7 

Republic of Korea 

(2006) 2.43 2.28 1.75 151 -6.2 -23.2 0.97 1.00 0.90 75 3.1 -10.0 

Australia (2006) 1.62 1.58 1.39 41 -2.5 -12.0 0.94 1.11 1.03 31 18.1 -7.2 

*
Number of deaths in the more recent year available. 

 

The main findings from the joinpoint regression analysis of mortality from pancreatic 

cancer in 19 selected countries worldwide and in the EU as a whole over the period 

1980-2007 (whenever available) are given in Figure 2 and Table 4. 
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Mortality rates from pancreatic cancer in men, after earlier rises, have been leveling 

off or declining since the late 1980’s in Germany, Hungary, Poland, as well as in Japan 

and Korea. Rates have been declining between the early 1980’s and the mid/late 

1990’s in the Netherlands, Sweden, the United Kingdom, the USA, and Australia to 

level off – or even slightly increase – thereafter. Rates have been constant over more 

recent calendar years in the Czech Republic, Argentina, and Mexico. Conversely, 

mortality has been moderately upwards throughout the period considered in the EU, 

as well as in France, Italy, Romania, the Russian Federation, Spain, and Brazil. In 

women, rates have been slightly increasing between 1980 and 2007 in most countries, 

except in Nordic ones and the United Kingdom in Europe, and in the USA and Australia, 

where had approximately stable rates. 

 

Figure 2. Joinpoint analysis for pancreatic cancer mortality in selected countries 

worldwide, 1980-2007. , Men; , Women. 
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Table 4. Joinpoint analysis for mortality from pancreatic cancer in men and women 

from selected countries worldwide, 1980-2007. 

Country 
Trend 1 Trend 2 Trend 3 Trend 4 

Years APC Years APC Years APC Years APC 

Men         

Czech Republic 1986-2007 -0.2       

France 1980-2007 0.4
*
       

Germany 1980-1987 1
*
 1987-2006 0.1     

Hungary 1980-1990 2.3
*
 1990-2007 -0.1     

Italy 1980-1989 2.1
*
 1989-1996 -0.6 1996-2007 0.5

*
   

Netherlands 1980-1998 -2
*
 1998-2007 1.2

*
     

Poland 1980-1982 -3.7 1982-1986 5.8
*
 1986-2007 -0.2

*
   

Romania 1980-2007 2
*
       

Russian Federation 1999-2006 1.4       

Spain 1980-1986 4.2
*
 1986-2005 1.1

*
     

Sweden 1980-1999 -1.3
*
 1999-2007 0.6     

United Kingdom 1980-1998 -1.4
*
 1998-2007 0.3     

European Union 1980-1982 -0.6 1982-1987 1.5
*
 1987-1998 -0.1

*
 1998-2006 0.5

*
 

USA 1980-1987 -1.1
*
 1987-2005 -0.1

*
     

Argentina 1997-2007 0.1       

Brazil 1996-2005 1
*
       

Mexico 1998-2007 -0.7       

Japan 1980-1987 2.6
*
 1987-2007 0.1

*
     

Republic of Korea 1985-1997 7.2
*
 1997-2006 -0.3     

Australia 1980-1997 -1.3
*
 1997-2006 0.2     

Women         

Czech Republic 1986-2007 0.7
*
       

France 1980-2007 1.4
*
       

Germany 1980-1987 1.5
*
 1987-2006 0.5

*
     

Hungary 1980-2007 0.7
*
       

Italy 1980-1988 3.4
*
 1988-2007 0.8

*
     

Netherlands 1980-2007 0.1       

Poland 1980-1987 2.6
*
 1987-2007 0.2     

Romania 1980-2007 1.8
*
       

Russian Federation 1999-2001 7 2001-2006 0.6     

Spain 1980-1987 3.8
*
 1987-2005 1.2

*
     

Sweden 1980-2007 -0.1       

United Kingdom 1980-1989 0.4 1989-1997 -1.6
*
 1997-2007 0.8

*
   

European Union 1980-1988 1.5
*
 1988-1997 0.2 1997-2006 0.8

*
   

AMERICA         

USA 1980-2005 0       

Argentina 1997-2007 0.4       

Brazil 1996-2005 2.1
*
       

Mexico 1998-2007 -1
*
       

ASIA, OCEANIA         

Japan 1980-1988 2.3
*
 1988-1994 -0.4 1994-2007 0.7

*
   

Republic of Korea 1985-1994 10.9
*
 1994-2006 1.5

*
     

Australia 1980-2006 0       

APC: annual percent change. 
*
Significantly different from 0 (p<0.05). 
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Discussion 

The present updated global analysis of pancreatic cancer mortality shows that in the 

early 2000’s, rates have been approximately stable in many European countries, as in 

the USA, Japan and Australia. In Japan, mortality from pancreatic cancer is relatively 

high, while overall mortality from all cancer remains 10% lower than in the USA and 

20% lower than in the EU [2]. In Nordic countries and the United Kingdom, where 

declines in rates have been observed since the 1980’s, mortality from pancreatic 

cancer seems to have reached a plateau, and have tended to rise over most recent 

calendar years. Some persisting rises were, however, still found in a few countries of 

southern and central/eastern Europe (with low rates in the past), as well as in the EU 

overall, and in women from European and Asian countries. Recent trends were 

generally more favorable in young adults (30-49 years), suggesting that overall trends 

are likely to improve in the next future [15, 16]. 

Estimates of mortality from pancreatic cancer are also available from the GLOBOCAN 

2008 report [1, 2]. In the absence of national mortality data, sample mortality data 

were used for 31 countries (including China) providing data covering only part of the 

population, or extrapolating mortality from incidence data of local or neighboring 

country cancer registries in the same region. GLOBOCAN estimates of pancreatic 

cancer mortality for countries not providing mortality data are considerably lower than 

those given by national mortality data reviewed in the present report, and range in 

men from 1.2/100,000 in western Africa and 1.3/100,000 in southeastern Asia, to 

1.8/100,000 in East Mediterranean regions and 3.9/100,000 in the western Pacific 

region. The extent of undercertification in most of these areas is difficult to quantify, 

and consequently the validity of such estimates is undefined. We decided therefore to 

exclude those data from our report. 

Tobacco smoking is the major recognized risk factor for pancreatic cancer, with a 

relative risk (RR) of approximately 2 for current smokers compared to never smokers 

[17-20]. Any ecologic (correlation) analysis of tobacco smoking and pancreatic cancer 

would be extremely difficult to interpret on account of the different cohort patterns of 

smoking, and the time-duration risk relation between tobacco and pancreatic cancer. 

Generation specific smoking prevalence data would, in fact be required. Nevertheless, 

trends in pancreatic cancer mortality at least in part reflect the different patterns in 

tobacco consumption in subsequent generations of men and women in various 

countries worldwide, with declines since the mid XX century in most western and 

northern European countries, as well as in the USA and Japan [21-26]. Thus, the 

pancreatic mortality rates started to decrease earlier in countries where smoking 

control has been earlier (the United Kingdom, USA and Australia), while upwards 

trends were still observed in men from various countries of central/eastern Europe, as 

well as in women, for whom smoking has been increasing up to more recent 

generations. However, the modest increases in pancreatic mortality in various 
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countries, as well as in the EU overall, are in contrast with the persisting declines in 

lung cancer rates [4, 5], suggesting that other factors, besides smoking, influenced 

recent trends in pancreatic cancer mortality. 

Overweight/obesity as well as diabetes – that is a correlate of overweight – have also 

been related to pancreatic cancer risk. The RR of pancreatic cancer is approximately 

1.5 for obese subjects [27-29], and 2 to 3 for diabetics [19, 30, 31]. The increased 

prevalence of overweight and obesity [32] – and consequently of type 2 diabetes [33] – 

in several areas of the world over the last few decades may, therefore, partly explain 

why mortality from pancreatic cancer has not declined in the same way not only as 

lung cancer, but also as upper digestive tract or bladder neoplasms [4, 5]. 

Other recognized risk factors for pancreatic cancer, i.e. pancreatitis [34] and heavy 

alcohol drinking [35, 36], cause a small proportion of pancreatic cancers only on a 

population level, and consequently have a negligible effect on national mortality 

trends.  

No strong association has been found between diet and pancreatic cancer, except for 

possible increased risk for high intake of and meat [37-39] and low intake of fruit and 

vegetables [19, 39, 40]; the potential impact of diet on mortality trends is thus 

undefined. 

The diagnosis of this neoplasm poses difficulties and less than 50% of cases worldwide 

has been histologically confirmed [19]. Certification accuracy and validity of pancreatic 

cancer also varies across calendar years and between countries, and it is likely lower in 

poorer and middle/low-income areas of the world. At least part of the earlier trends, 

as well as the rises in some countries of southern and central/eastern Europe, may be 

due to improved accuracy in the diagnosis and certification of the disease, following 

the introduction of ultrasound, computerized tomography, endoscopic retrograde 

cholangio-pancreatography and fine needle aspiration [41]. It is unlikely, however, that 

diagnosis accuracy has played a major role over more recent calendar periods in most 

high-income countries of Europe and North America, as well as in Japan, also given the 

consistency of trends in these countries.  

Progress in the treatment of pancreatic cancer has been negligible over the last two 

decades, and survival has remained very low (5-year relative survival <5%) [41] [42, 

43]; thus, changes in treatment cannot thus explain the leveling off in mortality rates 

over the last decades in many countries. 

In conclusion, this analysis confirms a leveling off in pancreatic cancer mortality in 

various areas of the world after decades of steady rises, although modest increases are 

observed in countries of southern and central/eastern Europe, as well as in women. In 

contrast to the favorable effect of the decline in smoking prevalence, at least in men, 

other factors, including mainly increased overweight and diabetes are likely to have 

had an unfavorable role on pancreatic cancer mortality. Pancreatic cancer remains, 
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therefore, one of the few sites for which mortality has not declined over the last two 

decades in Europe, North America, and Japan. 
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Abstract  

To further evaluate the dose-response relationship between cigarette smoking and 

pancreatic cancer and to examine the effects of temporal variables, we analyzed data 

from 12 case-control studies within the International Pancreatic Cancer Case-Control 

Consortium (PanC4), including 6507 pancreatic cases and 12,890 controls. We 

estimated summary odds ratios (ORs), by pooling study-specific ORs using random-

effects models. Compared with never smokers, the OR was 1.2 (95% confidence 

interval, CI, 1.0-1.3) for former smokers and 2.2 (95% CI 1.7-2.8) for current cigarette 

smokers, with a significant increasing trend in risk with increasing number of cigarettes 

among current smokers (OR=3.4 for ≥35 cigarettes/day, p for trend <0.0001). Risk 

increased in relation to duration of cigarette smoking up to 40 years of smoking 

(OR=2.4). No trend in risk was observed for age at starting cigarette smoking, whereas 

risk decreased with increasing time since cigarette cessation, the OR being 0.98 after 

20 years. This uniquely large pooled analysis confirms that current cigarette smoking is 

associated with a 2-fold increased risk of pancreatic cancer, and that the risk increases 

with number of cigarettes smoked and with duration of smoking. Risk of pancreatic 

cancer reaches the level of never smokers 20 years after quitting. 
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Introduction 

Cigarette smoking is the best established risk factor for pancreatic cancer [1, 2]. A 

meta-analysis of 82 cohort and case-control studies published between 1950 and 2007 

[3] reported a summary relative risk (RR) of pancreatic cancer of 1.7 (95% confidence 

interval, CI, 1.6-1.9) for current smokers, and of 1.2 (95% CI, 1.1-1.3) for former 

smokers. It also showed that the risk persisted up to 10 years after quitting smoking, 

although no detailed analysis of the dose and duration-risk relations was conducted. In 

the International Pancreatic Cancer Cohort Consortium nested case-control study [4], 

that included 1,481 cases and 1,539 controls, the RR was 1.1 (95% CI, 0.9-1.3) for 

former smokers, and 1.8 (95% CI, 1.4-2.3) for current smokers. Significant trends in risk 

were observed with increased number of cigarettes smoked and duration of exposure, 

the RR being 1.75 for 30 or more cigarettes smoked per day, and 2.1 for 50 or more 

years of smoking, whereas RR for those who had quit for more than 15 years was 

similar to that of never smokers. 

To further evaluate the dose-response relationship between cigarette smoking and 

pancreatic cancer and the role of various temporal factors such as age at starting and 

time since stopping we analyzed the original data from a series of case-control studies 

within the International Pancreatic Cancer Case-Control Consortium (PanC4) [5, 6]. This 

uniquely large dataset allowed us to investigate in detail cigarette smoking on 

pancreatic cancer, with careful adjustment for major potential confounding factors for 

pancreatic cancer. 

 

 

Methods 

Studies 

The PanC4 consortium identified 12 case-control studies
1
 of pancreatic cancer that 

collected data on cigarette smoking using structured questionnaires [7-18]. Eight 

studies [7-14]
1
 were conducted in North America, two in Europe [15, 16], one in China 

[17], and one was the IARC-coordinated Surveillance of Environmental Aspects Related 

to Cancer in Humans (SEARCH) study from Canada, Europe and Australia [18]. A 

summary description of the individual studies is presented in Table 1.  

The present pooled analysis includes on a total of 6507 cases of adenocarcinoma of 

the exocrine pancreas and 12,890 controls. The data included in the pooled analysis 

may differ slightly from those in published reports of the individual studies due to 

missing data for relevant variables. In all studies, cases and controls were interviewed 

in-person, with the exception of the Ontario, Canada study that used self-administered 

questionnaires and included 63 case-proxy respondents [14]; the SEARCH study [18], 

                                                 
1
 Including the unpublished Louisiana State University (LSU) study. 
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where proxy interviews were conducted for 474 cases and 332 controls; and the 

Shanghai study [17] where 155 cases and 150 controls were proxy-interviewed. 

 

 

Table 1. Summary description of individual studies included in the International 

Pancreatic Cancer Case–Control Consortium (PanC4) on cigarette smoking and 

pancreatic cancer. 

Country 

Study, 

reference 

Study 

period 

Cases Controls 

Men: 

Women 

Age 

range 

(median) 

Sources 
Men: 

Women 

Age 

range 

(median) 

Sources 

North America        

Louisiana        

 LSU
2
 2001–2006 33:36 32–86 

(68) 

Cancer 

registry 

78:80 33–90 

(67) 

Population-based files 

Minnesota        

 Mayo Clinic [7] 2000–2007 624:513 29–92 

(68) 

Hospital 626:665 29–97 

(70) 

Hospital 

Texas        

MDACC [8] 2000–2006 539:335 28–87 

(63) 

Hospital 495:295 31–84 

(61) 

Hospital (visitors) 

New York        

MSKCC [9] 2003–2008 264:245 32–89 

(64) 

Hospital 142:206 27–84 

(58) 

Hospital (visitors) 

Georgia, 

Michigan, New 

Jersey 

       

 NCI [10] 1986–1989 250:243 32–79 

(63) 

Cancer 

registry 

1364:782 30–81 

(62) 

Random digit dial (<65 

yrs)/ Health Care Financing 

Administration (≥65 yrs) 

California        

 UCSF [11 , 12] 1995–1999 287:240 32–85 

(65) 

Cancer 

registry 

879:818 32–85 

(66) 

Random digit dial (<65 

yrs)/ Health Care Financing 

Administration as 

supplement for ≥65 yrs 

Connecticut        

Yale [13] 2005–2009 238:175 36–84 

(68) 

Connecticut 

hospitals; 

Cancer 

registry 

404:311 35–84 

(68) 

Random–digit dial 

Canada        

Ontario [14] 2003–2007 302:238 20–89 

(65) 

Cancer 

registry 

177:136 40–79 

(67) 

Random digit dial 

Europe        

Italy [15] 1991–2008 174:148 34–80 

(63) 

Hospital 348:304 34–80 

(63) 

Hospital 

Milan [16] 1983–1999 229:133 17–86 

(60) 

Hospital 1140:409 21–84 

(56) 

Hospital 

China        

Shanghai [17] 1990–1993 264:187 30–74 

(64) 

Cancer 

registry 

851:701 30–74 

(62) 

Resident registry 

International        

Canada, 

Europe, 

Australia 

       

SEARCH [18] 1983–1989 447:363 32–86 

(65) 

Hospital, 

Cancer 

registry 

858:821 28–87 

(65) 

Resident registry 

                                                 
2
 Unpublished data. 
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LSU, Louisiana State University; MDACC, MD Anderson Cancer Center; MSKCC, 

Memorial Sloan–Kettering Cancer Center; NCI, National Cancer Institute; SEARCH, 

Surveillance of Environmental Aspects Related to Cancer in Humans; UCSF University 

of California, San Francisco. 

The original datasets were restructured either by the original study investigators or by 

the central coordinators using a uniform format for data harmonization. In addition to 

the smoking-related data, for each study we considered individual data on socio-

demographic characteristics, anthropometric measures, alcohol consumption, and 

history of diabetes and of pancreatitis. 

 

Exposure variables 

All studies in this pooled analysis provided information about cigarette smoking status 

(never, former and current smoker), number of cigarettes smoked per day, duration of 

smoking, age at start smoking, and years since quitting or age at quitting smoking, for 

former smokers. Though questions about cigarette smoking were similar across 

studies, we conducted a careful and detailed examination of the comparability of 

smoking-related questions to harmonize the data from the multiple studies included in 

this pooled analysis. 

For the present analyses, ever cigarette smokers were defined as participants who had 

smoked at least 100 cigarettes in their lifetime [7-9, 11, 13, 14, 17], or more than 1 

cigarette per day for at least 1 year [15, 16, 18]. In the NCI, information was only 

available for regular smokers, i.e., those who smoked at least 1 cigarette per day for at 

least 6 months [10]. Former cigarette smokers were defined as those who had quit 

smoking for at least 1 year prior to interview in all studies. 

 

Statistical analysis 

To estimate the association between cigarette smoking and pancreatic cancer risk, we 

used a 2-stage modeling approach [19]. In the first stage, we assessed the association 

between cigarette smoking and pancreatic cancer for each study by estimating the 

odds ratios (ORs) and the corresponding 95% CIs using multivariable unconditional 

logistic regression models [20]. These models included terms for age (< 50, 50-54, 55-

59, 60-64, 65-69, 70-74, ≥ 75 years), sex, education (≤ 8
th

 grade, 9
th

 – 11
th

 grade, 12
th

 

grade or high school graduates, some college or college graduates, ≥ 1 year of 

graduate school), race/ethnicity (non-Hispanic white, Hispanic, non-Hispanic black, 

other), body mass index (BMI, <20, 20-<25, 25-<30, ≥ 30 kg/m
2
), history of diabetes (≥ 

1 year before diagnosis/interview), alcohol consumption (never drinkers, 1-6 drinks per 

day, drinkers ≥6 drinks per day), and study centre, for multicentre studies. In the 

second stage of the analysis, summary estimates were computed using random-effects 

models [21], weighting study-specific ORs by the inverse of the sum of their variance 

and the estimated between-study variance component. Heterogeneity between 
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studies was evaluated using the Q test statistic [22]. To test for the significance of 

linear trends in pancreatic cancer risk across levels of cigarette smoking, we first 

estimated the trends in each study and then used the Wald test to estimate the p-

value of the summary variable, from the random-effects models [19]. 

To investigate whether the effect of cigarette smoking was homogeneous within strata 

of selected covariates, we conducted analyses stratified by sex, age (<65, ≥ 65 years), 

alcohol consumption (never drinkers, 1-4 drinks per day, drinkers ≥4 drinks per day), 

race/ethnicity (non-Hispanic White, other races), study area (North America, Europe, 

other race/ethnicity), source of controls (population-based, hospital-based), type of 

respondents (in-person, proxy). Significance of the heterogeneity across individual 

strata was assessed using a χ
2 

statistic [22]. 

We also conducted a sensitivity analysis to evaluate the undue influence of a study on 

the overall summary estimates, by excluding one study at a time from the pooled 

analysis. Moreover, we performed a cumulative meta-analysis to determine whether 

the association between cigarette smoking and pancreatic cancer risk changed over 

time.  

In addition to the two-stage analysis, we conducted an aggregate analysis where data 

from all studies were pooled into a single large data set [19]. The association between 

cigarette smoking and pancreatic cancer risk was determined using multivariable 

unconditional multiple logistic regression models [20]. Models included terms for 

study area, as well as for the confounding factors from the study-specific models and 

the study-confounder interactions. The results were not substantially different from 

those obtained in the two-stage analysis approach, and therefore are not reported 

here. 

 

 

Results 

Table 2 shows the distribution of 6507 pancreatic cancer cases and 12,890 controls by 

sex, age, and other potential confounding factors. Cases and controls have a similar sex 

distribution; cases were somewhat older than controls, were more frequently non-

Hispanic White, had a higher level of education, a higher BMI, and more frequently 

reported a history of diabetes and pancreatitis. 
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Table 2. Distribution of 6507 cases of pancreatic cancer and 12,890 controls according 

to sex, age, race and other selected covariates. International Pancreatic Cancer Case–

Control Consortium (PanC4). 

Characteristics 
Cases Controls 

N. (%) N. (%) 

Sex     

Men 3651 (56.1) 7362 (57.1) 

Women 2856 (43.9) 5528 (42.9) 

Age (years)     

<55 1198 (18.4) 3155 (24.4) 

55 – 59 905 (13.9) 1816 (14.1) 

60 – 64 1091 (16.8) 1983 (15.4) 

65 – 69 1148 (17.6) 2146 (16.7) 

70 – 75 1084 (16.7) 2041 (15.8) 

≥ 75 1081 (16.6) 1749 (13.6) 

Race/ethnicity     

Non–Hispanic White 5409 (83.1) 9478 (73.5) 

Non–Hispanic Black 356 (5.5) 1119 (8.7) 

Hispanic 115 (1.8) 220 (1.7) 

Others 622 (9.5) 1761 (13.7) 

missing 5 (0.1) 312 (2.4) 

Education 
    

<8
th

 grade 1291 (19.8) 3570 (27.7) 

9
th

 – 11
th

 grade 823 (12.7) 1624 (12.6) 

12
th

 grade/high school 1349 (20.7) 2186 (17.0) 

Some college/college 1991 (30.6) 3588 (27.8) 

≥ 1 year graduate school 1006 (15.5) 1835 (14.2) 

missing 47 (0.7) 87 (0.7) 

Body mass index (kg/m
2
)     

< 20 462 (7.1) 1111 (8.6) 

20 – <25 2396 (36.8) 5658 (43.9) 

25 – <30 2363 (36.3) 4473 (34.7) 

≥ 30 1201 (18.5) 1488 (11.5) 

missing 85 (1.3) 160 (1.3) 

Alcohol drinking (drinks/day)
a
      

0 – <1 3853 (59.2) 7478 (58.0) 

1 – <4 1432 (22.0) 3563 (27.6) 

≥ 4 697 (10.7) 1492 (11.6) 

 missing 525 (8.1) 357 (2.8) 

History of diabetes     

No 5052 (77.6) 11710 (90.8) 

Yes 1378 (21.2) 1109 (8.6) 

missing 77 (1.2) 71 (0.6) 

History of pancreatitis
b
     

No 4674 (71.8) 10703 (83.0) 

Yes 313 (4.8) 112 (0.9) 

missing 1520 (23.4) 2075 (16.5) 

LSU, Louisiana State University; MSKCC, Memorial Sloan–Kettering Cancer Center; NCI, 

National Cancer Institute; SEARCH, Surveillance of Environmental Aspects Related to 
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Cancer in Humans; UCSF, University of California, San Francisco. 
a
No information was 

available in the MSKCC study. 
b
No information was available in the Italian and Mayo 

Clinic study.  

 

 

The pooled ORs for pancreatic cancer according to cigarette smoking habits are given 

in Table 3. Compared with never smokers, the OR was 1.40 (95% CI 1.24-1.55) for ever 

cigarette smokers, 1.17 (95% CI 1.02-1.34) for former cigarette smokers, and 2.20 (95% 

CI 1.71-2.83) for current cigarette smokers. A significant trend in risk was observed 

with increased number of cigarettes smoked (OR=3.4, 95% CI 2.4-4.9 for ≥35 

cigarettes/day, p for trend<0.0001). Among current smokers, the risk increased with 

increased duration of cigarette smoking for up to 40 years of smoking (OR=2.43, 95% 

CI 1.91-3.09), but did not increase further after 40 years. No trend in risk was observed 

for age at starting cigarette smoking in current smokers, whereas a significant 

decreasing trend in risk was found with increased time since quitting cigarette 

smoking. After ≥20 years, risk estimates were not different from non smokers 

(OR=0.98). Sensitivity analyses showed that no single study unduly influenced the 

magnitude or the statistical significance of these summary estimates. 

 

 

Table 3. Pooled odds ratios (ORs) and 95% confidence intervals (CIs) for pancreatic 

cancer according to cigarette smoking habits among 6507 cases and 12,890 controls. 

International Pancreatic Cancer Case–Control Consortium (PanC4).  

 
Cases Controls 

OR
a
 (95% CI) 

N. (%) N. (%) 

Never smoker 2373 (36.5) 5557 (43.1) 1
b
 

Ever cigarette smoker 3962 (60.9) 6980 (54.2) 1.40 (1.24–1.59) 

Former smoker 2327 (35.8) 4214 (32.7) 1.17 (1.02–1.34) 

Current smoker 1635 (25.2) 2766 (21.5) 2.20 (1.71–2.83) 

Other than cigarettes smoker 164 (2.5) 336 (2.6) 1.17 (0.80–1.70) 

missing 8 (0.1) 17 (0.1)  

Intensity (cigarettes/day)
c
      

< 15 440 (6.8) 1017 (7.9) 1.60 (1.24–2.06) 

15 – <25 722 (11.1) 1182 (9.2) 2.30 (1.76–3.01) 

25 – <35 253 (3.9) 294 (2.3) 2.76 (1.92–3.97) 

≥ 35 172 (2.6) 210 (1.6) 3.38 (2.36-4.86) 

 missing 48 (0.7) 63 (0.5)  

p–value for trend
d
     <0.0001 

Duration (yrs)
c
      

< 20 92 (1.4) 301 (2.3) 1.46 (0.89–2.40) 

20 –< 30 219 (3.4) 501 (3.9) 1.85 (1.44–2.37) 

30 – <40 465 (7.1) 684 (5.3) 2.43 (1.91–3.09) 

≥ 40 837 (12.9) 1227 (9.5) 2.10 (1.58–2.78) 

missing 22 (0.3) 53 (0.4)  
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Cases Controls 

OR
a
 (95% CI) 

N. (%) N. (%) 

p –value for trend
d
     0.067 

Age at start (yrs)
c
      

< 16 356 (5.5) 541 (4.2) 1.98 (1.49–2.62) 

16 – <20 547 (8.4) 867 (6.7) 2.20 (1.69–2.87) 

20 – <23 296 (4.5) 534 (4.2) 1.96 (1.47–2.61) 

≥ 23 414 (6.4) 785 (6.1) 2.06 (1.48–2.87) 

missing 22 (0.3) 39 (0.3)  

p –value for trend
d
     0.439 

Years since quitting      

1 – <10 640 (9.8) 1032 (8.0) 1.64 (1.36–1.97) 

10 – <15 301 (4.6) 525 (4.1) 1.42 (1.11–1.82) 

15 – <20 267 (4.1) 503 (3.9) 1.12 (0.86–1.44) 

20 – <30 469 (7.2) 963 (7.5) 0.98 (0.77–1.23) 

≥ 30 616 (9.5) 1136 (8.8) 0.98 (0.83–1.16) 

missing 34 (0.5) 55 (0.4)  

p –value for trend
d
     <0.0001 

Years since quitting      

Current cigarette smoker 1637 (25.2) 2769 (21.5) 1
b
 

1 – <10 640 (9.8) 1032 (8.0) 0.73 (0.56–0.95) 

10 – <15 301 (4.6) 525 (4.1) 0.62 (0.49–0.80) 

15 – <20 267 (4.1) 503 (3.9) 0.46 (0.35–0.60) 

20 – <30 469 (7.2) 963 (7.5) 0.41 (0.30–0.56) 

≥ 30 616 (9.5) 1136 (8.8) 0.42 (0.29–0.60) 

missing 34 (0.5) 55 (0.4)  

p –value for trend
d
     <0.0001 

a
Pooled ORs were computed using random–effects models. Study–specific ORs were 

adjusted for age, sex, race/ethnicity, education, body mass index, history of diabetes, 

history of pancreatitis, alcohol drinking, and study center for multicentric studies. 
b
Reference category. 

c
Current smokers only. 

d
Including current smokers only. 

 

 

The cumulative meta-analysis for pancreatic cancer risk in current cigarette smokers 

showed a trend of increasing risk according to year of publication: the OR for current 

versus never smokers was 1.74 in the initial study published in 1994, 1.75 in the 

studies published up to 2007, and rose to 2.2 when studies published 2007 and 2010 

were added (Figure 1).  
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Figure 1. Cumulative meta-analysis of pancreatic cancer risk in current cigarette 

smokers as compared to never smokers. International Pancreatic Cancer Case-Control 

Consortium (PanC4). 

 

OR, odds ratio; 95% CI, 95% confidence intervals. 
a
Including the unpublished Louisiana State University (LSU) study. 

 

 

Figure 2. Study-specific and pooled odd ratios
a
 (ORs) for pancreatic cancer according to 

ever cigarette smokers as compared to never smokers. International Pancreatic Cancer 

Case-Control Consortium (PanC4). 
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LSU, Louisiana State University; MSKCC, Memorial Sloan-Kettering Cancer Center; NCI, 

National Cancer Institute; SEARCH, Surveillance of Environmental Aspects Related to 

Cancer in Humans; UCSF, University of California, San Francisco.  
a
Study-specific ORs were adjusted for age, sex, race/ethnicity, education, body mass 

index, history of diabetes, history of pancreatitis, alcohol drinking, and study center for 

multicentric studies. Pooled ORs were computed using random-effects models. 

 

 

A forest plot of the study-specific and the pooled ORs for pancreatic cancer risk for 

ever versus never cigarette smokers is presented in Figure 2.  

The corresponding forest plots for numbers of cigarettes smoked per day among 

current smokers are given in Figure 3. The pooled estimate for ever cigarette smokers 

as compared to never smokers was 1.40, with significant heterogeneity in ORs across 

studies (p=0.003). Similarly, for current smokers of <15 (Figure 3a), 15-24 (Figure 3b) 

and ≥25 (Figure 3c) cigarettes per day, all pooled estimates were significantly elevated, 

although between-study heterogeneity was observed for each level of cigarette 

smoking. 

 

 

Figure 3. Study-specific and pooled odd ratios
a
 (ORs) for pancreatic cancer according to 

level of cigarette smoking in current smokers as compared to never smokers. 

International Pancreatic Cancer Case-Control Consortium (PanC4). 
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2.98

3.74

1.63

0.73

1.51

1.21

1.63

1.18

3.20

1.46

2.71

1.60

0.99- 2.65

0.65-13.70

2.06- 6.79

0.94- 2.82

0.47- 1.13

0.71- 3.21

0.79- 1.86

1.17- 2.28

0.84- 1.66

1.24- 8.25

0.88- 2.44

1.36- 5.41

1.20- 2.13

Study <15 cig/day

Ca:Co

OR 95% CI

Heterogeneity between studies: χ
2
 (11df)=29; p=0.0022

Relative risk

0.25 1 2 4 10
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(b) 15-24 cigarettes/day 

Italy

LSU

Mayo

MD Anderson

Milan

MSKCC

NCI

Search

Shanghai

Toronto

UCSF

Yale

Pooled

49:52

8:14

85:18

79:33

68:262

28:4

72:281

115:145

87:238

38:4

62:91

31:40

722:1182

2.39

1.56

7.64

2.54

1.27

4.59

1.64

2.38

1.65

5.70

2.08

1.77

2.30

1.47- 3.89

0.50- 4.89

4.42-13.22

1.60- 4.04

0.87- 1.85

1.48-14.25

1.16- 2.31

1.72- 3.29

1.17- 2.33

1.82-17.86

1.39- 3.11

1.03- 3.06

1.76- 3.01

Study 15-<25 cig/day

Ca:Co

OR 95% CI

Heterogeneity between studies: χ
2
 (11df)=39; p=5.1e-05

Relative risk

0.25 1 2 4 10

 

(c) ≥15 cigarettes/day 

LSU

Mayo

MD Anderson

Milan

MSKCC

NCI

Search

Shanghai

Toronto

UCSF

Yale

Pooled

14:16

5:7

40:8

39:12

32:154

6:5

57:129

85:74

33:38

40:4

39:41

35:16

425:504

1.99

2.07

7.65

3.95

1.16

0.92

2.89

3.15

4.21

6.07

3.04

4.60

3.03

0.88- 4.49

0.47- 9.16

3.40-17.21

1.94- 8.05

0.72- 1.87

0.23- 3.64

1.93- 4.32

2.14- 4.63

2.48- 7.16

2.00-18.44

1.82- 5.07

2.33- 9.08

2.23- 4.12

Study 25 or more cig/day

Ca:Co

OR 95% CI

Heterogeneity between studies: χ
2
 (11df)=30; p=0.0018

Relative risk

0.25 1 2 4 10

 

LSU, Louisiana State University; MSKCC, Memorial Sloan-Kettering Cancer Center; NCI, 

National Cancer Institute; SEARCH, Surveillance of Environmental Aspects Related to 

Cancer in Humans; UCSF, University of California, San Francisco.  
a
Study-specific ORs were adjusted for age, sex, race/ethnicity, education, body mass 

index, history of diabetes, history of pancreatitis, alcohol drinking, and study center for 

multicentric studies. Pooled ORs were computed using random-effects models. 
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The association between number of cigarettes smoked and pancreatic cancer risk was 

further assessed in analyses stratified by sex, age, alcohol drinking, race/ethnicity, 

study area, source of controls and type of respondents (Table 4). The association 

appeared somewhat stronger – though not significantly – in women, in participants 

younger than 65 years, and in proxy respondents; no meaningful differences in risk 

estimates were observed across strata of other covariates considered. 

 

 

Table 4. Pooled odds ratios
a
 (ORs) and corresponding 95% confidence intervals (CIs) for 

pancreatic cancer according to cigarette smoking in strata of selected covariates 

among 6507 cases and 12,890 controls. International Pancreatic Cancer Case–Control 

Consortium (PanC4).  

 

 Current cigarette smoking 

Never
b
 <15 15–<25 cigarette/day ≥ 25 cigarette/day 

Ca:Co Ca:Co OR (95% CI) Ca:Co OR (95% CI) Ca:Co OR (95% CI) 

Overall 2373:5557 440:1017 1.60 (1.24–2.06) 722:1182 2.30 (1.76–3.01) 425:504 3.03 (2.23–4.13) 

Sex        

Men 916:2105 223:622 1.50 (1.12–2.01) 449:909 1.92 (1.55–2.38) 304:427 2.92 (2.01–4.23) 

Women 1457:3452 217:395 1.60 (1.24–2.06) 273:273 2.60 (1.74–3.90) 121:77 3.84 (2.73–5.42) 

(p-value for interaction)  (0.755)  (0.195)  (0.286) 

Age (years)        

< 65 1040:3044 268:635 1.80 (1.36–2.38) 502:798 2.92 (2.23–3.82) 292:373 3.33 (2.47–4.50) 

≥ 65 1333:2513 172:382 1.28 (0.93–1.76) 220:384 1.51 (1.03–2.22) 133:131 2.75 (1.85–4.10) 

(p-value for 

interaction) 
  (0.116)  (0.006)  (0.454) 

Alcohol drinking (drinks/day)
c
  (0.116)  (0.006)  (0.454) 

0 – <1 1679:4080 255:537 1.64 (1.20–2.23) 367:491 2.50 (1.83–3.42) 196:168 3.54 (2.73–4.58) 

1 – <4 375:1024 112:330 1.28 (0.87–1.88) 203:409 1.90 (1.27–2.83) 111:156 2.94 (2.02–4.28) 

≥ 4 89:286 48:134 1.46 (0.87–2.44) 123:278 1.77 (1.17–2.67) 111:175 3.49 (1.68–7.26) 

(p-value for interaction)  (0.623)  (0.349)  (0.723) 

Race/ethnicity        

Non–Hispanic 

White 
1874:3912 314:590 1.73 (1.25–2.40) 555:766 2.24 (1.64–3.08) 363:420 2.88 (1.99–4.17) 

Other 496:1517 126:421 1.16 (0.89–1.52) 167:412 1.79 (1.36–2.35) 62:80 4.18 (2.77–6.33) 

(p-value for interaction)  (0.066)  (0.285)  (0.187) 

Study area        

North America 1797:3363 262:385 2.01 (1.51–2.68) 470:550 2.74 (1.91–3.91) 323:274 3.46 (2.65–4.51) 

Europe 353:1175 101:366 1.09 (0.67–1.76) 159:370 1.92 (1.19–3.09) 61:185 2.01 (0.93–4.31) 

Other 271:1019 77:266 1.21 (0.88–1.66) 793:262 1.57 (1.13–2.19) 41:45 4.19 (2.58–6.83) 

(p-value for interaction)  (0.023)  (0.081)  (0.279) 

Sources of controls
d
  (0.023)  (0.081)  (0.279) 

Hospital  697:1580 115:291 1.61 (0.65–3.99) 201:332 2.81 (1.02–7.72) 86:178 2.52 (0.83–7.66) 

Population 1449:3816 301:710 1.55 (1.25–1.91) 492:846 2.01 (1.69–2.38) 333:321 3.40 (2.79–4.14) 

(p-value for interaction)  (0.933)  (0.519)  (0.602) 

Type of respondents  (0.933)  (0.519)  (0.602) 

In–person  2129:5285 370:964 1.57 (1.20–2.06) 613:1126 2.31 (1.73–3.07) 348:474 3.04 (2.14–4.32) 

Proxy 218:203 165:48 2.05 (0.64–6.56) 101:42 3.34 (0.69–16.32) 72:23 3.39 (1.31–8.82) 

(p-value for interaction)  (0.660)  (0.651)  (0.832) 

a
Pooled ORs were computed using random–effects models. Study–specific ORs were 

adjusted for age, sex, race/ethnicity, education, body mass index, history of diabetes, 

history of pancreatitis, alcohol drinking, and study center for multicentric studies. 
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b
Reference category. 

c
No information was available in the MSKCC study. 

d
Excluding the 

MSKCC study including both hospital and population controls. Ca:Co, Cases:Controls. 

 

 

Discussion 

This uniquely large collaborative pooled analysis within the PanC4 consortium allowed 

us to provide more accurate estimates of the relationship between cigarette smoking 

and pancreatic cancer risk. Results from our analyses confirm that current cigarette 

smoking is associated with a 2-fold increased risk of pancreatic cancer, and that the 

risk increases with increasing number of cigarettes smoked and duration of smoking. A 

20% excess risk of pancreatic cancer was found among former smokers, that declines 

with time since quitting, and reached the level of never cigarette smokers 20 years 

after quitting. 

The increased pancreatic cancer risk in current cigarette smokers in our data is 

consistent with that of two previous meta- and pooled-analyses [3, 4] and with the 

results from a subsequent study of the European Prospective Investigation into Cancer 

and Nutrition (EPIC) cohort [23] which reported a 70% increased risk (95% CI 1.4-2.2) 

for current smokers, on the basis of 524 pancreatic cancer cases among 465,910 

participants. The OR estimate for current cigarette smokers in our data was slightly 

higher that that reported in previous investigations [3, 4, 23]. This can be explained by 

the better distinction between current and former smokers that was possible in our 

analysis, but not in the studies included in the meta-analysis by Iodice et al. [3], as well 

as in prospective studies [4, 23], where smoking habits are generally assessed at the 

time of recruitment or last interview, and may have changed in subsequent years [24], 

i.e. some current smokers at baseline may have quit before diagnosis. 

The significant dose-risk association with increasing number of cigarettes smoked is 

consistent with that reported in the pooled analysis of cohort studies [4]. However, 

case-control studies data allowed us to assess this association specifically among 

current smokers, something that was not possible in cohort studies where the effect 

pertained to ever smokers. 

With reference to duration of smoking, we observed that risk of pancreatic cancer 

increased in relation to years of smoking, up to 40 years of smoking. This confirms the 

importance of long-term duration of smoking as a pancreatic cancer risk factor [1, 4]. 

The results of our study also confirmed the decline in risk of pancreatic cancer with 

increasing time since quitting cigarette smoking [3, 4]. More specifically our large 

population and detailed smoking data allowed us to confirm that after 20 years of 

smoking cessation risk of pancreatic cancer approaches that of never smokers. This 

result was in close agreement with the findings from the International Pancreatic 

Cancer Cohort Consortium [4]. 
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The PanC4 study had a number of strengths. It included original and detailed data 

about cigarette smoking for more than 6000 pancreatic cancer cases and more than 

12,000 controls, which provided a unique opportunity to investigate and quantify 

accurately the dose- and duration-risk relationships, and, among former smokers, the 

pattern of risk with years since quitting. Our study included a relatively large number 

of heavy and long-term smokers, as well as a large number of former smokers 

increasing our ability to examine smoking behaviors in greater detail than previous 

studies. We were able to uniformly and carefully account for study design variables 

and potential confounding factors for pancreatic cancer, including education, BMI, 

history of diabetes and pancreatitis, and heavy alcohol consumption. We also 

conducted stratified analyses by selected covariates and showed that our risk 

estimates were consistent across strata of sex, age, race, study area and alcohol 

consumption. 

Although there was significant heterogeneity between the 12 studies included in our 

pooled analysis, this was not explained by sex, age, study areas, source of controls or 

other selected covariates considered, and was largely attributable to the Mayo [7] and 

Milan studies only [16]. This may be due to different background risk levels in various 

populations, bias or simply the play of chance. Because N-nitrosamines are considered 

the major tobacco carcinogens for the pancreas [25, 26], some of the heterogeneity 

might be also related to different N-nitrosamines yield of cigarettes in various 

countries [27, 28]. In the absence of comprehensive data, however, any inference on 

this issue remains speculative. 

Both hospital-based and population-based case-controls are prone to potential bias. 

Hospital controls may have been admitted to hospital for conditions related to tobacco 

use that could lead to an underestimation of the true association, whereas population 

controls may have a lower participation of smokers that could result in an 

overestimation of risk. Although the results from one meta-analysis [3] showed that RR 

estimates were higher in hospital-based than in population-based case-control studies, 

our stratified analyses by source of controls did not support this, showing no 

consistent differences in risk estimates when using hospital or population controls. 

Tobacco consumption is frequently under-reported [29], and this may have biased our 

risk estimates, particularly if misclassification of smoking differed between cases and 

controls. However, information on smoking habits in case-control studies has proven 

to be satisfactorily reliable [30]. Further, the similarities of our findings with those from 

cohort studies [4] argue against a major role of recall bias and misclassification. 

Although proxy respondents may have reported tobacco consumption less completely 

than participants, we found no evidence of stronger associations in studies based on 

in-person interviews versus those using proxy respondents.  

There is no early diagnosis or effective chemotherapy for pancreatic cancer [31]. Most 

patients cannot undergo curative surgery, thus – even in the optimal series, 5-year 
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survival is less than 5% [32]. Consequently, primary prevention is the only way to 

reduce pancreatic cancer, and control of tobacco smoking is the key measure, since it 

could avoid 15-25% of pancreatic cancers in various populations [4, 16, 33]. 
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Abstract  

Peptic ulcer and its treatments have been reported to increase pancreatic cancer risk, 

although the evidence is inconsistent, we pooled 10 case-control studies within the 

Pancreatic Cancer Case-Control Consortium (PanC4), including 4717 pancreatic cancer 

cases and 9374 controls, and estimated summary odds ratios (OR) using multivariable 

logistic regression models. The OR for pancreatic cancer was 1.10 (95% confidence 

interval, CI, 0.98-1.23) for history of ulcer (OR=1.08 for gastric and 0.97 for duodenal 

ulcer). The association was stronger for a diagnosis within two years prior to cancer 

diagnosis (OR=2.43 for peptic, 1.75 for gastric, and 1.98 for duodenal ulcer). The OR 

was 1.53 (95% CI 1.15-2.03) for history of gastrectomy; however, the excess risk was 

limited to a gastrectomy within two years prior to cancer diagnosis (OR=6.18, 95% CI 

1.82-20.96), while no significant increased risk was observed for a longer history of 

gastrectomy. No associations were observed for antacids, H2-receptor antagonists or 

proton-pump inhibitors. 

This uniquely large collaborative study does not support the hypothesis that peptic 

ulcer and its treatment materially affects pancreatic cancer risk. The increased risk for 

short-term history of ulcer and gastrectomy suggests that any such associations may 

be due to increased cancer surveillance. 
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Introduction 

The association between peptic ulcer and the risk of pancreatic cancer has been 

examined in at least 15 epidemiologic studies, with inconclusive results [1, 2]. Several 

of the studies showed no meaningful associations and a few others reported modestly 

increased risks of pancreatic cancer among participants with a history of gastric, but 

not, duodenal ulcer. With reference to gastrectomy for benign gastroduodenal 

diseases, seven out of 15 studies found significantly increased risk of pancreatic 

cancer, and five of these indicated that the excess risk persisted for more than 20 years 

after surgery [2]. Most previous studies included a relatively small number of 

participants, were unable to distinguish gastric from duodenal ulcer, could not quantify 

time-dependent variables, and, more importantly, did not carefully account for 

tobacco smoking, which is associated with both peptic ulcer [3] and pancreatic cancer 

[4]. 

If an association with ulcer or gastrectomy exists, it may help to elucidate the role of 

gastric secretion in pancreatic cancer etiology. Gastric secretion influences hormonal 

and neurological regulation of the pancreas [5] and detoxification of endogenous and 

exogenous substances in the duodenum and small intestine is less efficient after 

gastrectomy. Further, gastrectomy can increase endogenous production of N-nitroso 

compounds, possibly due to changes in bacterial growth [6]. 

In order to provide further information, we pooled original data from 10 case-control 

studies within the Pancreatic Cancer Case-Control Consortium (PanC4, 

http://www.panc4.org) where information on ulcer, gastrectomy, and use of 

medications for ulcers was available, and adequate adjustment was possible for 

tobacco and other major relevant covariates.  

 

Methods 

Studies 

The present pooled analysis included 4717 cases of adenocarcinoma of the exocrine 

pancreas and 9374 controls derived from 10 case-control studies of pancreatic cancer 

within the PanC4 consortium. These provided information on peptic ulcer and/or 

gastric surgery, with some studies containing additional information about medication 

use [7-15]
3
. The main characteristics of the studies are described in Supplemental 

Table 1.  

Five studies were conducted in the USA, and the others in Canada, Europe, Shanghai, 

and Australia. In all studies, cases and controls were interviewed in-person, with the 

exception of the Toronto study where participants completed mailed questionnaires 

and included 63 case-proxy respondents, the SEARCH study where proxy interviews 

                                                 
3
Including the unpublished Queensland study.
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were conducted for 474 cases and 332 controls, and the Shanghai study where 155 

cases and 150 controls were proxy-interviewed (for a total of 692 or 13.7% of cases 

and 472 or 4.3% of controls). 

 

Supplemental Table 1. Studies included in the analyses of peptic ulcer and its 

treatments and pancreatic cancer risk. International Pancreatic Cancer Case-Control 

Consortium (PanC4). 

Country, study 

[Reference] 

Study 

period 

Cases Controls 

Men: 

Women 

Age range 

(median) 
Sources 

Men: 

Women 

Age range 

(median) 
Sources 

North America        

Louisiana, LSU [15]
 

2001-

2006 

33:36 32-86 (68) Cancer 

registry 

78:80 33-90 (67) Population-based files 

New York , MSKCC 

[7] 

2003-

2008 

264:245 32-89 (64) Hospital 142:206 27-84 (58) Hospital (visitors) 

California, UCSF [8] 1995-

1999 

287:240 32-85 (65) Cancer 

registry 

879:818 32-85 (66) Random digit dial (<65 

yrs)/ Health Care 

Financing 

Administration as 

supplement for ≥65 

yrs 

Connecticut, Yale [9] 2005-

2009 

238:175 36-84 (68) Hospitals 

and Cancer 

registry from 

Connecticut 

404:311 35-84 (68) Random-digit dial 

Canada, Toronto [10] 

 

2003-

2007 

302:238 20-89 (65) Cancer 

registry 

177:136 40-79 (67) Random digit dial 

Europe        

Italy [35] 

 

1991–

2008 

174:148 34–80 (63) Hospital 348:304 34–80 (63) Hospital 

Milan [11, 12] 1983-

1999 

229:133 17-86 (60) Hospital 1140:409 21-84 (56) Hospital 

China        

Shanghai [13] 

 

1990-

1993 

264:187 31-74 (64) Cancer 

registry 

851:701 30-74 (62) Resident registry 

Australia        

Queensland
a
 2007-

2011 

426: 288 29-98 (67) Population 424:287 34-94 (67) Population 

        

Canada, Europe, 

Australia, SEARCH 

[14] 

1983-

1989 

447:363 32-86 (65) Hospital, 

Cancer 

registry 

858:821 28-87 (65) Resident registry 

LSU, Louisiana School of Public Health; MSKCC, Memorial Sloan-Kettering Cancer 

Center; SEARCH, Surveillance of Environmental Aspects Related to Cancer in Humans; 

UCSF University of California, San Francisco. 
a
Unpublished data. 

 

For the present analyses, the original datasets were restructured either by the original 

study investigators or by our central coordinators using a uniform format for data 

harmonization. From each study, individual data on socio-demographic characteristics, 

anthropometric measures, tobacco smoking, alcohol consumption, and history of 

diabetes and pancreatitis were collected. 

Information on ulcer, related medications and gastrectomy varied among the studies, 

and we conducted a careful and detailed examination of the comparability of ulcer-
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related questions before combining the data. Six of the studies provided information 

on history of gastric ulcer (Milan, LSU, MSKCC, Shanghai, Yale, Queensland), four on 

history of duodenal ulcer (Milan, MSKCC, Shanghai, Yale, Queensland), and three on 

history peptic ulcer with no distinction between gastric and duodenal ulcer (Italy, 

UCSF, SEARCH, Toronto). All studies, except Shanghai, provided the corresponding age 

at first diagnosis. Information on gastrectomy was provided by the Milan, UCSF, 

SEARCH, LSU, Shanghai, and Yale studies, with corresponding age at surgery available 

in the Milan, UCSF, SEARCH, and Yale studies. With reference to medications for ulcer 

treatment, two studies (SEARCH, Queensland) specifically asked for use of antacids, 

four (Milan, SEARCH, Shanghai, Queensland) for use of histamine-2 (H2)-receptor 

antagonists, one (Queensland) for use of proton-pump inhibitors (PPIs), while two 

studies (UCSF, Toronto) had an open question asking for various medications used, 

including antacids, H2-receptor antagonists, and PPIs. In all studies information on 

ulcer, related medications and gastrectomy was self-reported. In studies providing 

information separately for gastric and duodenal ulcer, a variable for peptic ulcer was 

created by combining information for the two conditions, and age at first diagnosis of 

peptic ulcer was defined as the earliest reported age at diagnosis.  

 

Statistical analysis 

To estimate the association between gastric and duodenal ulcer, their medications, 

gastric surgery and pancreatic cancer risk, we conducted an aggregate analysis pooling 

data from all studies into a single large data set [16]. Summary odds ratios (OR) and 

the corresponding 95% confidence intervals (CI), were estimated using multiple logistic 

regression models that included terms for study, study centre (for multicenter studies), 

age (5-years group), sex, education (≤ 8
th

 grade, 9-11
th

 grade, 12
th

 grade or high-school 

graduates, some college or college graduates, ≥ 1 year of graduate school), 

race/ethnicity (non-Hispanic white, Hispanic, non-Hispanic black, other), body mass 

index (BMI, <20, 20-<25, 25-<30, ≥ 30 kg/m
2
), tobacco smoking (never smokers, 

current cigarette smokers of 1-20 cigarettes per day, current cigarette smokers of >20 

cigarettes per day, ex-cigarette smokers since <10 years, ex-cigarette smokers since 

>10 years, smokers of products other than cigarettes, as well as a continuous term for 

current number of cigarettes), alcohol consumption (never drinkers, 1-4 drinks per 

day, drinkers ≥4 drinks per day), history of diabetes, and history of pancreatitis. Tests 

for linear trend of ORs were based on ordinal coding of the categories and the 

corresponding χ
2
 statistic. Study-specific ORs and pooled ORs with 95% CIs were 

plotted for visual comparison. 

To investigate whether the effect of history of ulcer/gastrectomy was homogeneous in 

strata of selected covariates, we conducted analyses stratified by sex, age, 

race/ethnicity, BMI, tobacco smoking, alcohol consumption, study area, and source of 

controls.  
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Heterogeneity between studies and across the strata was based on likelihood ratio 

tests and the resulting χ
2
 statistics. Sensitivity analyses excluding proxy-respondents 

and participants with a history of pancreatitis were also conducted. 

 

Results 

Table 1 shows the distribution of 4717 pancreatic cancer cases and 9374 controls by 

sex, age, and other potential confounding factors. Cases and controls have a similar sex 

distribution. 

 

 

Table 1. Distribution of pancreatic cancer cases and controls by sex, age, race and 

other covariates, International Pancreatic Cancer Case-Control Consortium (PanC4). 

Characteristics 
Cases Controls 

No. (%) No. (%) 

Sex     

Men 2664 (56.5) 5301 (56.6) 

Women 2053 (43.5) 4073 (43.5) 

Age (years)     

< 50 441 (9.4) 1323 (14.1) 

50 – 54 431 (9.1) 999 (10.7) 

55 – 59 655 (13.9) 1300 (13.9) 

60 – 64 791 (16.8) 1507 (16.1) 

65 – 69 834 (17.7) 1582 (16.9) 

70 – 75 791 (16.8) 1489 (15.9) 

≥ 75 774 (16.4) 1174 (12.5) 

Education 
    

≤8
th

 grade 1184 (25.1) 3117 (33.4) 

9
th

 – 11
th

 grade 820 (17.4) 1340 (14.3) 

12
th

 grade or high school graduate 739 (15.7) 1229 (13.1) 

Some college or college graduate 1229 (26.1) 2340 (25.0) 

≥ 1 year of graduate school 688 (14.6) 1275 (13.6) 

Missing 57 (1.2) 73 (0.8) 

Race/ethnicity     

Non-Hispanic White 3749 (79.5) 6937 (74.0) 

Non-Hispanic Black 118 (2.5) 146 (1.6) 

Hispanic 40 (0.9) 123 (1.3) 

Others 618 (13.1) 1766 (18.8) 

Missing 192 (4.1) 402 (4.3) 

Body mass index (kg/m
2
)     

< 20 418 (8.9) 973 (10.4) 

20 - <25 1846 (39.1) 4285 (45.7) 

25 - <30 1630 (34.6) 3016 (32.2) 

≥ 30 731 (15.5) 987 (10.5) 

Missing 92 (2.0) 113 (1.2) 

Tobacco smoking      

Never smokers 1696 (36.0) 4097 (43.7) 

Current smokers, ≤ 20 cigarettes/day 841 (17.8) 1607 (17.1) 
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Characteristics 
Cases Controls 

No. (%) No. (%) 

Current smokers, > 20 cigarettes/day 416 (8.8) 449 (4.8) 

Ex-smokers, ≤ 10 years since quitting 533 (11.3) 852 (9.1) 

Ex-smokers, > 10 years since quitting 1058 (22.4) 2066 (22.0) 

Smokers of other products 96 (2.0) 187 (2.0) 

Missing 77 (1.6) 116 (1.2) 

Alcohol drinking (drinks/day)
a
      

0 - <1 2274 (48.2) 5038 (53.7) 

1 - <4 1168 (24.8) 2741 (29.2) 

≥ 4 613 (13.4) 1145 (12.2) 

 Missing 644 (13.7) 450 (4.8) 

History of diabetes     

No 3837 (81.3) 8618 (91.9) 

Yes 873 (18.5) 750 (8.0) 

Missing 7 (0.2) 6 (0.1) 

History of pancreatitis
b
     

No 4120 (87.3) 8610 (91.9) 

Yes 235 (5.0) 97 (1.0) 

Missing 362 (7.7) 667 (7.1) 
a
Information not available in the Memorial Sloan-Kettering Cancer Center (MSKCC) 

study. 
b
Information not available in the Italy study. 

 

 

Cases were somewhat older than controls, they were more frequently white and ever 

smokers, had a higher level of education, a higher BMI, and reported a history of 

diabetes and pancreatitis more frequently. 

The distribution of pancreatic cancer cases and controls by history of peptic ulcer and 

the corresponding OR are given in Table 2.  

 

 

Table 2. Distribution of pancreatic cancer cases and controls, and corresponding odds 

ratios (OR) and 95% confidence intervals (CI), by history of gastric or duodenal ulcer. 

International Pancreatic Cancer Case-Control Consortium (PanC4).  

 
Cases Controls 

OR
a
 (95% CI) 

No. (%) No. (%) 

History of gastric or duodenal 

ulcer 
     

No 3976 (84.3) 8146 (86.9) 1
b
 

Yes 673 (14.3) 1183 (12.6) 1.10 (0.98-1.23) 

Missing 68 (1.4) 45 (0.5)  

Years since diagnosis
c
      

No 3610 (86.0) 6835 (87.9) 1
b
 

≤2 years 87 (2.1) 63 (0.8) 2.43 (1.68-3.50) 

3-10 years 97 (2.3) 172 (2.2) 1.03 (0.78-1.36) 

>10 years 376 (9.0) 680 (8.7) 0.96 (0.83-1.11) 
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Cases Controls 

OR
a
 (95% CI) 

No. (%) No. (%) 

Missing 28 (0.7) 27 (0.4)  

p-value for trend     0.90 

Age at first diagnosis
c
      

No 3610 (86.0) 6835 (87.9) 1
b
 

≤40 years 259 (6.2) 495 (6.4) 0.95 (0.80-1.13) 

>40 years 301 (7.2) 420 (5.4) 1.19 (1.00-1.41) 

Missing 28 (0.7) 27 (0.4)  

p-value for trend     0.12 

History of gastric ulcer
d
      

No 2751 (90.3) 6276 (93.3) 1
b
 

Yes 248 (8.1) 440 (6.5) 1.08 (0.91-1.29) 

Missing 46 (1.5) 14 (0.2)  

Years since diagnosis
e
       

No  1865 (92.2) 3267 (94.2) 1
b
 

≤2 years 22 (1.1) 17 (0.5) 1.75 (0.86-3.56) 

3-10 years 28 (1.4) 39 (1.1) 1.14 (0.65-1.98) 

>10 years 97 (4.8) 139 (4.0) 0.86 (0.64-1.15) 

Missing 10 (0.5) 6 (0.2)  

p-value for trend     0.51 

Age at first diagnosis
e
       

No  1865 (92.2) 3267 (94.2) 1
b
 

≤40 years 63 (3.1) 93 (2.7) 0.94 (0.66-1.36) 

>40 years 84 (4.2) 102 (2.9) 1.01 (0.73-1. 40) 

Missing 10 (0.5) 6 (0.2)  

p-value for trend     0.95 

History of duodenal ulcer
f
      

No 2766 (92.9) 6125 (93.2) 1
b
 

Yes 167 (5.6) 432 (6.6) 0.97 (0.79-1.18) 

Missing 43 (1.4) 15 (0.2)  

Years since diagnosis
g
      

No  1859 (95.0) 3122 (94.4) 1
b
 

≤2 years 14 (0.7) 11 (0.3) 1.98 (0.78-5.02) 

3-10 years 12 (0.6) 35 (1.1) 0.96 (0.47-1.99) 

>10 years 65 (3.3) 135 (4.1) 0.95 (0.68-1.33) 

Missing 6 (0.3) 6 (0.2)  

p-value for trend     0.87 

Age at first diagnosis
g
      

≤40 years 43 (2.2) 113 (3.4) 0.82 (0.55-1.22) 

>40 years 48 (2.5) 68 (2.1) 1.32 (0.87-2.01) 

Missing 6 (0.3) 6 (0.2)  

p-value for trend     0.50 
a
Pooled ORs were computed from logistic regression models adjusted for study, study 

center (for multicenter studies), age, sex, race/ethnicity, education, body mass index, 

tobacco smoking, alcohol drinking, history of diabetes, and history of pancreatitis. 
b
Reference category. 

c
Younger age at first diagnosis for participants with a history of 

gastric ulcer and duodenal ulcer. Information not available in the Shanghai study. 
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d
Information from the Milan, UCSF, LSU, MSKCC, Shanghai, Yale, Queensland studies. 

e
Information from the Milan, LSU, MSKCC, Yale, Queensland studies. 

f
Information from 

the Milan, UCSF, MSKCC, Shanghai, Yale, Queensland studies. 
g
Information from the 

Milan, MSKCC, Yale, Queensland studies. 

 

Six hundred and seventy-three cases (14.3%) and 1183 controls (12.6%) reported a 

history of peptic ulcer, corresponding to an OR of 1.10 (95% CI 0.98-1.23). 

Figure 1 shows the study-specific ORs, along with the overall estimate of pancreatic 

cancer risk by history of peptic ulcer. No significant heterogeneity was observed 

between studies (p=0.99).  

 

 

Figure 1. Study-specific and pooled odd ratios
a
, with corresponding 95% confidence 

intervals (CI), for pancreatic cancer by history of gastric or duodenal ulcer. 
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a
Study-specific ORs were adjusted for study center (for multicenter studies), age, sex, 

education, race/ethnicity, body mass index, tobacco smoking, alcohol consumption, 

history of diabetes, and history of pancreatitis. Pooled ORs were further adjusted for 

study. 
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LSU, Louisiana School of Public Health; MSKCC, Memorial Sloan-Kettering Cancer 

Center; SEARCH, Surveillance of Environmental Aspects Related to Cancer in Humans; 

UCSF, University of California, San Francisco. 

An increased risk of pancreatic cancer was observed in participants whose peptic ulcer 

occurred within two years of cancer diagnosis (OR=2.43, 95% CI 1.68-3.50), while no 

association was found for those with an earlier diagnosis (OR=1.03 for 3-10 years and 

0.96 for >10 years, Table 2).  

 

 

Table 2. Distribution of pancreatic cancer cases and controls, and corresponding odds 

ratios (OR) and 95% confidence intervals (CI), by history of gastric or duodenal ulcer. 

International Pancreatic Cancer Case-Control Consortium (PanC4).  

 
Cases Controls 

OR
a
 (95% CI) 

No. (%) No. (%) 

History of gastric or duodenal 

ulcer 
     

No 3976 (84.3) 8146 (86.9) 1
b
 

Yes 673 (14.3) 1183 (12.6) 1.10 (0.98-1.23) 

Missing 68 (1.4) 45 (0.5)  

Years since diagnosis
c
      

No 3610 (86.0) 6835 (87.9) 1
b
 

≤2 years 87 (2.1) 63 (0.8) 2.43 (1.68-3.50) 

3-10 years 97 (2.3) 172 (2.2) 1.03 (0.78-1.36) 

>10 years 376 (9.0) 680 (8.7) 0.96 (0.83-1.11) 

Missing 28 (0.7) 27 (0.4)  

p-value for trend     0.90 

Age at first diagnosis
c
      

No 3610 (86.0) 6835 (87.9) 1
b
 

≤40 years 259 (6.2) 495 (6.4) 0.95 (0.80-1.13) 

>40 years 301 (7.2) 420 (5.4) 1.19 (1.00-1.41) 

Missing 28 (0.7) 27 (0.4)  

p-value for trend     0.12 

History of gastric ulcer
d
      

No 2751 (90.3) 6276 (93.3) 1
b
 

Yes 248 (8.1) 440 (6.5) 1.08 (0.91-1.29) 

Missing 46 (1.5) 14 (0.2)  

Years since diagnosis
e
       

No  1865 (92.2) 3267 (94.2) 1
b
 

≤2 years 22 (1.1) 17 (0.5) 1.75 (0.86-3.56) 

3-10 years 28 (1.4) 39 (1.1) 1.14 (0.65-1.98) 

>10 years 97 (4.8) 139 (4.0) 0.86 (0.64-1.15) 

Missing 10 (0.5) 6 (0.2)  

p-value for trend     0.51 

Age at first diagnosis
e
       

No  1865 (92.2) 3267 (94.2) 1
b
 

≤40 years 63 (3.1) 93 (2.7) 0.94 (0.66-1.36) 

>40 years 84 (4.2) 102 (2.9) 1.01 (0.73-1. 40) 
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Cases Controls 

OR
a
 (95% CI) 

No. (%) No. (%) 

Missing 10 (0.5) 6 (0.2)  

p-value for trend     0.95 

History of duodenal ulcer
f
      

No 2766 (92.9) 6125 (93.2) 1
b
 

Yes 167 (5.6) 432 (6.6) 0.97 (0.79-1.18) 

Missing 43 (1.4) 15 (0.2)  

Years since diagnosis
g
      

No  1859 (95.0) 3122 (94.4) 1
b
 

≤2 years 14 (0.7) 11 (0.3) 1.98 (0.78-5.02) 

3-10 years 12 (0.6) 35 (1.1) 0.96 (0.47-1.99) 

>10 years 65 (3.3) 135 (4.1) 0.95 (0.68-1.33) 

Missing 6 (0.3) 6 (0.2)  

p-value for trend     0.87 

Age at first diagnosis
g
      

≤40 years 43 (2.2) 113 (3.4) 0.82 (0.55-1.22) 

>40 years 48 (2.5) 68 (2.1) 1.32 (0.87-2.01) 

Missing 6 (0.3) 6 (0.2)  

p-value for trend     0.50 
a
Pooled ORs were computed from logistic regression models adjusted for study, study 

center (for multicenter studies), age, sex, race/ethnicity, education, body mass index, 

tobacco smoking, alcohol drinking, history of diabetes, and history of pancreatitis. 
b
Reference category. 

c
Younger age at first diagnosis for participants with a history of 

gastric ulcer and duodenal ulcer. Information not available in the Shanghai study. 
d
Information from the Milan, UCSF, LSU, MSKCC, Shanghai, Yale, Queensland studies. 

e
Information from the Milan, LSU, MSKCC, Yale, Queensland studies. 

f
Information from 

the Milan, UCSF, MSKCC, Shanghai, Yale, Queensland studies. 
g
Information from the 

Milan, MSKCC, Yale, Queensland studies. 

 

 

The risk was slightly higher for participants with a first diagnosis of ulcer after age 40 

years (OR=1.17) compared with those with a diagnosis when younger than age 40 

years (OR=0.95). When we analyzed gastric and duodenal ulcer separately, no 

association was observed either for gastric (OR=1.08) or for duodenal (OR=0.97) ulcer. 

In both cases, study-specific estimates were not significantly heterogeneous (p=0.65 

and 0.28, respectively). For both ulcers an increased risk (although not significant) was 

observed for a first diagnosis within two years (OR=1.75 and 1.98, respectively). No 

difference in risk estimates were observed for age at first diagnosis of gastric ulcer 

(OR=0.94 for ≤40 years and 1.01 for >40 years of age), while the association was 

somewhat stronger for a diagnosis of duodenal ulcer after 40 years of age (OR=1.32) as 

compared to a diagnosis before age 40 (OR=0.82). Similar ORs were observed when 

comparing participants with a history of gastric or duodenal ulcer with those who had 
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no history of peptic ulcer (OR=1.10, 95% CI 0.92-1.32 and OR=0.98, 95% CI 0.80-1.20, 

respectively, data not shown in tables). 

Ninety-one cases (3.5%) and 142 controls (1.9%) reported a history of gastrectomy, 

with a corresponding OR for pancreatic cancer of 1.53 (95% CI 1.15-2.03, Table 3).  

 

 

Table 3. Distribution of pancreatic cancer cases and controls, and corresponding odds 

ratios (OR) 95% and confidence intervals (CI), by history of gastrectomy. International 

Pancreatic Cancer Case-Control Consortium (PanC4). 

 

Cases Controls 

OR
a
 (95% CI) 

No. (%) No. (%) 

History of gastrectomy
b
      

No 2481 (94.3) 7157 (97.4) 1
c
 

Yes 91 (3.5) 142 (1.9) 1.53 (1.15-2.03) 

Missing 60 (2.3) 51 (0.7)  

Years since gastrectomy
d
      

No 1995 (96.7) 5504 (98.2) 1
c
 

≤2 years 11 (0.5) 4 (0.1) 6.18 (1.82-20.96) 

3-10 12 (0.6) 16 (0.3) 1.53 (0.69-3.39) 

>10 years 35 (1.7) 74 (1.3) 1.01 (0.65-1.55) 

Missing 11 (0.5) 10 (0.2)  

p-value for trend     0.47 

Age at gastrectomy
d
      

No 1995 (96.7) 5504 (98.2) 1
c
 

≤40 years 20 (1.0) 40 (0.7) 1.27 (0.71-2.27) 

>40 years 38 (1.8) 54 (1.0) 1.33 (0.85-2.06) 

Missing 11 (0.5) 10 (0.2)  

p-value for trend     0.15 
a
Pooled ORs were computed from logistic regression models adjusted for study, study 

center (for multicenter studies), age, sex, race/ethnicity, education, body mass index, 

tobacco smoking, alcohol drinking, history of diabetes, and history of pancreatitis. 
b
Information from the Milan, UCSF, SEARCH, LSU, Shanghai, and Yale studies. 

c
Reference category. 

d
Information from the Milan, UCSF, SEARCH, and Yale studies. 

 

 

Figure 2 shows the study-specific ORs, along with the overall estimate of pancreatic 

cancer risk by history of gastrectomy. As for ulcer, there was no significant 

heterogeneity between studies (p=0.38). The risk estimates were similar in studies 

investigating gastrectomy among participants with a history of ulcer (OR=1.83, 95% CI 

1.06-3.16, UCSF, SEARCH, LSU and Shanghai studies) and among those asking about 

gastrectomy independently from history of ulcer (OR=1.42, 95% CI 1.01-1.98, Milan 

and Yale studies, data not shown in tables). When we analyzed the relation by time 

since surgery, the excess risk appeared limited to a gastrectomy within two years prior 
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to cancer diagnosis (OR=6.18, 95% CI 1.82-20.96), while no significant association was 

observed for earlier gastrectomy (OR=1.53 for 3-10 years and 1.01 for >10 years, Table 

3). Similar risk estimates were observed for participants with a gastrectomy at less or 

after age 40 years (OR=1.27 and 1.33, respectively). 

 

Figure 2. Study-specific and pooled odd ratios
a
, with corresponding 95% confidence 

intervals (CI), for pancreatic cancer by history of gastrectomy. 
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LSU, Louisiana School of Public Health; SEARCH, Surveillance of Environmental Aspects 

Related to Cancer in Humans; UCSF, University of California, San Francisco. 
a
Study-specific ORs were adjusted for study center (for multicenter studies), age, sex, 

education, race/ethnicity, body mass index, tobacco smoking, alcohol drinking, history 

of diabetes, and history of pancreatitis. Pooled ORs were further adjusted by study. 

 

 

Supplemental Table 2 shows the association between gastrectomy and pancreatic 

cancer (overall and excluding surgeries within two years before cancer diagnosis) by 

strata of selected covariates. The association was somewhat stronger in men (OR=1.73 

for overall gastrectomy and 1.47 for gastrectomy more than two years prior to cancer 

diagnosis) than in women (OR=1.47 and 0.40), and in current smokers (OR=2.04 and 

2.10) as compared with never smokers (OR= 1.00 and 0.50) and ex-smokers (1.33 and 

0.85). No difference in risk estimates were observed across strata of other covariates 
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considered, including age, race/ethnicity, BMI, alcohol consumption, study area and 

source of controls. The associations were similar when we restricted the analyses to 

participants with no history of pancreatitis (OR=1.62, 95% CI 1.22-2.16, for overall 

gastrectomy and OR=1.23, 95% CI 0.83-1.80, for gastrectomy more than two years 

before cancer diagnosis) and to those who responded in-person (OR=1.76, 95% CI 

1.28-2.42, for overall gastrectomy and OR=1.32, 95% CI 0.86-2.01, for gastrectomy 

more than two years before cancer diagnosis, data not shown in tables). Likewise, risk 

estimates for ulcer were consistent in strata of all covariates considered, with the only 

exception of smoking, the RR being 0.77 for never smokers, 1.51 for current smokers, 

and 1.12 for ex-smokers. Moreover, risk estimates for ulcer were similar when we 

restricted the analyses to participants with no history of pancreatitis (OR=1.10, 95% CI 

0.98-1.24) and to those who responded in-person (OR=1.09, 95% CI 0.96-1.23). 

 

 

Supplemental Table 2. Pooled odds ratios (OR) and 95% confidence intervals (CI) for 

pancreatic cancer by history of gastrectomy in strata of selected covariates. 

International Pancreatic Cancer Case–Control Consortium (PanC4).  

 

History of gastrectomy 

Overall >2 years since gastrectomy 

Cases:Controls 
OR

a
 (95% CI) 

Cases:Controls 
OR

a
 (95% CI) 

No Yes No Yes 

Overall 2481:7157 91:142 1.53 (1.15-2.03) 1995:5504 47:90 1.10 (0.75-1.61) 

Sex        

Men 1392:4074 72:108 1.73 (1.25-2.38) 1117:3186 39:64 1.47 (0.95-2.25)
b
 

Women 1089:3083 19:34 0.99 (0.54-1.83) 878:2318 8:26 0.40 (0.17-0.95)
b
 

Age (years)       

< 65 1230:4007 42:62 1.58 (1.02-2.44) 973:3016 19:42 0.89 (0.48-1.65) 

≥ 65 1251:3150 49:80 1.46 (1.00-2.13) 1022:2488 28:48 1.20 (0.73-1.96) 

Race/ethnicity       

Non-Hispanic 

White 
1907:5261 67:99 1.51 (1.09-2.11) 

1857:5138 
44:85 1.16 (0.78-1.70) 

Other 574:1896 24:43 1.45 (0.83-2.52) 138:366 3:5 0.41 (0.07-2.41) 

Education       

High school 

graduate or less 
1666:4512 67:104 1.48 (1.07-2.06) 

1255:3123 
37:66 1.15 (0.75-1.78) 

College graduate 

or more 
792:2587 24:36 1.81 (1.03-3.18) 

718:2350 
10:22 1.23 (0.55-2.79) 

Body mass index       

≤25 1443:4263 60:104 1.35 (0.95-1.91) 1068:2848 27:62 0.87 (0.53-1.42) 

>25 1007:2831 28:35 1.92 (1.12-3.27) 902:2602 19:26 1.62 (0.85-3.07) 

Tobacco smoking (drinks/day)
c
       

Never smoker 852:3076 11:34 1.00 (0.49-2.05) 612:2128 4:18 0.50 (0.16-1.57)
b
 

Current smoker 765:1763 43:48 2.04 (1.30-3.20) 580:1245 22:24 2.10 (1.11-3.96)
b
 

Ex smokers 771:2100 33.54 1.33 (0.83-2.12) 715:1916 18:44 0.85 (0.47-1.54)
b
 

Alcohol drinking (drinks/day)
c
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History of gastrectomy 

Overall >2 years since gastrectomy 

Cases:Controls 
OR

a
 (95% CI) 

Cases:Controls 
OR

a
 (95% CI) 

No Yes No Yes 

0 – <1 1478:4170 45:77 1.36 (0.92-2.02) 1099:2841 17:41 0.78 (0.43-1.43) 

1 – <4 643:2068 28:39 1.86 (1.10-3.16) 562:1807 16:27 1.39 (0.71-2.73) 

≥ 4 359:919 18:26 1.26 (0.64-2.50) 333:856 14:22 1.20 (0.56-2.56) 

Study area       

North America 1346:3228 43:58 1.35 (0.88-2.06) 1282:3072 21:43 0.73 (0.42-1.29) 

Other areas 1135:3929 48:84 1.63 (1.11-2.38) 713:232 26:47 1.47 (0.87-2.47) 

Sources of controls
e
      

Hospital  350:1517 12:32 1.09 (0.52-2.29) 350:1517 12:31 1.10 (0.52-2.31) 

Population 2131:5640 79:110 1.56 (1.15-2.13) 1645:3987 35:59 1.01 (0.65-1.58) 
a
Pooled ORs were computed from logistic regression models adjusted for study, study 

center (for multicenter studies), age, sex, race/ethnicity, education, body mass index, 

tobacco smoking, alcohol drinking, history of diabetes, and history of pancreatitis. 

Reference category: no history of gastrectomy. 
b
p-value for interaction<0.05.

 

c
Information not available in the Memorial Sloan-Kettering Cancer Center (MSKCC) 

study. 
d
Information not available in the Italy study. 

e
Excluding the MSKCC study which 

has both hospital and population controls.  

No significant associations were observed between pancreatic cancer and medications 

for ulcer (OR=0.94), including antacids (OR=0.93), H2-receptor antagonists (OR=1.15) 

or PPIs (OR=1.16, Table 4). 

 

 

Table 4. Distribution of pancreatic cancer cases and controls, and corresponding odds 

ratios (OR) and 95% confidence intervals (CI), by use of medications for ulcer. 

International Pancreatic Cancer Case-Control Consortium (PanC4).  

 
Cases Controls 

OR
a
 (95% CI) 

No. (%) No. (%) 

Use of medications
b
      

No history of ulcer 3269 (85.0) 6774 (86.8) 1
c
 

History of ulcer and no 

medication  
96 (2.5) 207 (2.7) 1.21 (0.92-1.58) 

History of ulcer and medication  388 (10.1) 764 (9.8) 0.94 (0.81-1.07) 

Missing 94 (2.5) 59 (0.8)  

Use of antacids
d
      

No history of ulcer 2009 (84.8) 3723 (86.5) 1
c
 

History of ulcer and no 

medication 
238 (10.1) 383 (8.9) 0.99 (0.81-1.21) 

History of ulcer and medication 102 (4.3) 183 (4.3) 0.93 (0.70-1.22) 

Missing 19 (0.8) 14 (0.3)  

Use of H2-receptor antagonists
e
      

No history of ulcer 2687 (84.4) 6404 (86.5) 1
c
 

History of ulcer and no 

medication 
310 (9.7) 645 (8.7) 0.94 (0.80-1.10) 
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Cases Controls 

OR
a
 (95% CI) 

No. (%) No. (%) 

History of ulcer and medication 140 (4.4) 312 (4.2) 1.15 (0.92-1.43) 

Missing 45 (1.4) 43 (0.6)  

Use of proton-pump inhibitors
f
      

No history of ulcer 1362 (85.9) 2305 (87.0) 1
c
 

History of ulcer and no 

medication  
162 (10.2) 289 (10.9) 0.90 (0.70-1.16) 

History of ulcer and medication 56 (3.5) 51 (1.9) 1.16 (0.72-1.88) 

Missing 6 (0.4) 5 (0.2)  

H2-receptor antagonists: histamine-2-receptor antagonists. 
a
Pooled ORs were computed from logistic regression models adjusted for study, study 

center (for multicenter studies), age, sex, race/ethnicity, education, body mass index, 

tobacco smoking, alcohol drinking, history of diabetes, and history of pancreatitis. 
b
Information from all studies, with the exception of the Italy, LSU, and Yale studies. 

c
Reference category. 

d
Information from the UCSF, SEARCH, Toronto, and Queensland 

studies. 
e
Information from the Milan, UCSF, SEARCH, Toronto, Shanghai, and 

Queensland studies. 
f
Information from the UCSF, Toronto, and Queensland studies.  

 

 

Discussion 

This collaborative analysis including data on more than 4,500 pancreatic cancer cases 

provides strong evidence that participants with a history of peptic (both gastric and 

duodenal) ulcer have no excess risk of pancreatic cancer, although a diagnosis of 

peptic ulcer two years before pancreatic cancer diagnosis was associated with an 

increased risk. Study participants who underwent gastrectomy for treatment of ulcer 

or other benign conditions had a 50% excess risk, but this was again limited to those 

who had surgery within two years before cancer diagnosis. The present analysis did 

not show any association with any medication for ulcer. 

The results of this study confirm the evidence from several previous investigations that 

reported no association between peptic ulcer and subsequent pancreatic cancer risk 

[2]. The positive association observed in participants with a diagnosis of ulcer within 

two years prior to cancer diagnosis and the absence of risk for a longer time prior to 

diagnosis may be due to enhanced surveillance of people with newly diagnosed peptic 

ulcer, increasing the probability of being diagnosed with pancreatic cancer. Moreover, 

it is possible that peptic ulcer is an early symptom or a consequence of pancreatic 

cancer. Only two cohort studies [17, 18] reported persisting increased risks of 

pancreatic cancer for up to 15-20 years following diagnosis of gastric, but not 

duodenal, ulcer. However, those studies were based on a small number of pancreatic 

cancer cases (182 and 274, respectively) and consequently included only a few 

participants with ulcer. Moreover, one study was a registry-based retrospective cohort 
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that was unable to adjust the analysis for tobacco smoking, a possible confounding 

factor of the association between ulcer and pancreatic cancer [3, 4]. 

The observation of the two cohort studies [17, 18] that gastric ulcer but not duodenal 

ulcer was associated with pancreatic cancer risk supports the hypothesis that 

conditions that characterize gastric ulcer may contribute to pancreatic cancer risk. 

Examples of these factors include corpus colonization by Helicobacter pylori (H. pylori), 

atrophic corpus gastritis with hypochlorhydria, and consequent bacterial overgrowth 

and intragastric formation of N-nitrosamines [6, 19]. Our data did not show any 

difference in pancreatic cancer risk between gastric and duodenal ulcer, thus providing 

no support for the hypothesis that the two conditions play distinct roles in pancreatic 

carcinogenesis. Similarly, a few other studies that analyzed gastric and duodenal ulcer 

separately [20, 21] – in addition to those included in our pooled analysis [1, 11, 22] – 

did not find any meaningful difference in pancreatic cancer risk. 

The 50% increased risk of pancreatic cancer in relation to a history of gastrectomy is 

consistent with evidence from previous investigations [2] and with results of a meta-

analysis of 11 case-control – among which three studies included in our pooled 

analysis [8, 11, 23] – and 4 cohort studies that reported an overall RR of 1.54 (95% CI 

1.25-1.90), 1.42 (95% CI 1.06-1.90) in case-control and 1.71 (95% CI 1.24-2.35) in 

cohort studies [24]. A role of gastric bacterial overgrowth and formation of N-nitroso 

compounds, possibly due to the reduced production of gastric acids following 

gastrectomy [5, 6], as well as of H. pylori colonization that can enhance the 

carcinogenic effect of nitrosamines [25, 26], has been postulated to explain such an 

association. Although a few small previous studies suggested that the increase in risk 

persisted more than 20 years after surgery [17, 27-29], we found that the excess risk of 

pancreatic cancer was evident only for participants who had undergone gastrectomy 

within two years prior to cancer diagnosis. Thus, as for peptic ulcer, this would indicate 

a likely role of detection bias, following the increased medical surveillance of 

participants undergoing gastrectomy. Moreover, the observation of a stronger excess 

risk in current smokers indicates a possible residual confounding by tobacco smoking.  

Our data do not support a role of any ulcer medications (including antacids, H2-

antagonists and PPIs) in pancreatic carcinogenesis. This is consistent with the evidence 

from a few studies that have reported no association with medications for ulcer [20, 

21, 30], including antacids [20], H2-antagonists, and PPIs [30]. Only a cohort study of 

patients prescribed with the H2-antagonist cimetidine [31] reported an increased risk 

of pancreatic cancer, as well as of other gastrointestinal cancers. However, such an 

association was stronger in the first few years of follow-up and has thus been 

attributed to possible gastrointestinal discomforts caused by pancreatic cancer 

(confounding by indication). Therefore, although drugs for ulcer treatment may 

influence pancreatic cancer risk by suppressing gastric acid secretion, enhancing 
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bacterial growth and N-nitrosamine formation, and inducing hypergastrinemia [32, 

33], no support for this hypothesis comes from our study as well as previous studies.  

This PanC4 collaborative study has a number of strengths. These include the large 

dataset, the detailed information from most studies on ulcer, gastrectomy (including 

the age at diagnosis/surgery and the distinction between gastric and duodenal ulcer), 

and on various treatments, and the ability to account uniformly and carefully for study 

design variables and potential confounding factors for the association between these 

conditions and pancreatic cancer, particularly tobacco smoking. Moreover, the large 

available dataset allowed us to conduct stratified analyses by selected covariates and 

to show that our risk estimates for gastrectomy were consistent across strata of most 

covariates considered, including age, race, study area, race/ethnicity, BMI, alcohol 

consumption, and history of pancreatitis. Among the limitations of our study is that 

history of ulcer and its treatments was self-reported in most studies, and 

misclassification of ulcer location (duodenal or gastric) or with other gastrointestinal 

diseases (gastritis/duodenitis) is possible [34]. Accuracy of medical information may 

also be different between in-person and proxy respondents, although restriction of our 

analyses to in-person respondents yielded similar results. Moreover, given the 

retrospective design of the case-control studies included in our pooled analysis, it is 

possible that self-reported information on medical conditions was reported more 

accurately in cases than controls, although for gastrectomy, which is a major surgical 

treatment, recall should be reasonably accurate by controls, and similar results were 

observed in both hospital-based and population-based studies. Further, our risk 

estimates for gastrectomy are consistent with those of a meta-analysis of both case-

control and cohort studies [24], arguing against a major role of recall bias or 

misclassification.  

In conclusion, this uniquely large collaborative study does not support the hypothesis 

that peptic ulcer or its treatments materially affects pancreatic cancer risk. The 

increased risk observed for history of ulcer and gastrectomy within two years before 

cancer diagnosis, indicates that these associations may be at least in part due to 

increased cancer surveillance in patients undergoing gastric screening or surgery. 
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Abstract 

Diabetes has been associated to the risk of a few cancer sites, though quantification of 

this association in various populations remains open to discussion. We analyzed the 

relation between diabetes and the risk of various cancers in an integrated series of 

case-control studies conducted in Italy and Switzerland between 1991 and 2009. The 

studies included 1468 oral and pharyngeal, 505 esophageal, 230 gastric, 2390 

colorectal, 185 liver, 326 pancreatic, 852 laryngeal, 3034 breast, 607 endometrial, 

1031 ovarian, 1294 prostate, and 767 renal cell cancer cases, and 12,060 hospital 

controls. The multivariate odds ratios (OR) for subjects with diabetes as compared to 

those without – adjusted for major identified confounding factors for the cancers 

considered through logistic regression models – were significantly elevated for cancers 

of the oral cavity/pharynx (OR=1.58), esophagus (OR=2.52), colorectum (OR=1.23), 

liver (OR=3.52), pancreas (OR=3.32), post-menopausal breast (OR=1.76), and 

endometrium (OR=1.70). For cancers of the oral cavity, esophagus, colorectum, liver, 

and post-menopausal breast, the excess risk persisted over 10 years since diagnosis of 

diabetes. Our data confirm and further quantify the association of diabetes with 

colorectal, liver, pancreatic, post-menopausal breast, and endometrial cancer, and 

suggest that diabetes may also increase the risk oral/pharyngeal and esophageal 

cancer. 
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Introduction 

Diabetes has been associated to the risk of colorectal, liver, pancreatic and 

endometrial cancer, though the quantification of this association in various 

populations remains open to discussion [1-7]. An excess risk among diabetics has also 

been reported for (post-menopausal) breast cancer [8, 9], but residual confounding by 

overweight has not been ruled out. Diabetes is also possibly directly related to bladder 

cancer [10], and inversely related to prostate cancer risk [4], whereas data are 

inconsistent for other major cancer sites [1, 3, 4, 7].  

In a series of case-control studies on selected cancer sites conducted in Italy between 

1983 and 1992, on about 10,000 cancer cases, we reported an excess risk for cancer of 

the liver, pancreas and endometrium, with elevated risks up to 10 years after diagnosis 

of diabetes for liver and endometrium [11]. No excess risk was observed for other 

common neoplasms, including digestive, respiratory and breast cancers, as well as 

lymphohaempoietic neoplasms.  

In this report, we analyze the association between diabetes and the risk of various 

common cancers using data from a network of case-control studies conducted in Italy 

and Switzerland between 1991 and 2009, providing a comprehensive evaluation of the 

relation with several neoplasms. 

 

 

Materials and methods 

Between 1991 and 2009, we conducted an integrated series of case-control studies on 

several neoplasms in various areas of northern (the greater Milan area; the provinces 

of Pordenone, Padua, Udine, Gorizia and Forlì; the urban area of Genoa), central (the 

provinces of Rome and Latina), and southern (the urban area of Naples) Italy. We also 

conducted companion studies on cancers of the oral cavity and pharynx, esophagus, 

colorectum, larynx, breast and endometrium in the Canton of Vaud, Switzerland. They 

included a total of 1468 cases of oral and pharyngeal [12, 13], 505 squamous-cell 

esophageal [14, 15], 230 gastric [16], 2390 colorectal [17, 18], 185 liver [19], 326 

pancreatic [20], 852 laryngeal [21], 3034 breast [22, 23], 607 endometrial [24], 1031 

ovarian [25], 1294 prostate [26], and 767 renal cell [27] cancer, and a total of 12,060 

controls (Table 1). 

All studies included incident cancer cases, identified in the major teaching and general 

hospitals of the study areas. Controls were subjects admitted to the same network of 

hospitals as cases for a wide spectrum of acute, non-neoplastic conditions unrelated to 

known or potential risk factors for the corresponding cancer site. They were 

frequency-matched with cases by sex, age, and study center. Overall, 8.0% of controls 

were admitted for traumatic conditions, 22.5% for non-traumatic orthopedic 

conditions, 32.8% for acute surgical conditions, and 36.7% for miscellaneous other 

illnesses (including dental, ear, eye, nose, throat or skins diseases). 
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Table 1. Number of cases of selected cancer sites and controls, and corresponding 

median age. Italy and Switzerland, 1991-2009. 

Cancer site, references 
Cases 

(men/women) 

Median age 

(yrs) 

Controls 

(men/women) 

Median age 

(yrs) 

Oral cavity and pharynx (10, 11) 1190/278 58 2553/1208 58 

Esophagus (12, 13) 438/67 60 919/340 60 

Gastric (14) 143/87 63 286/261 63 

Colorectum (15, 16) 1401/989 62 2586/2357 58 

Liver (17) 149/36 66 278/126 65 

Pancreas (18) 174/152 63 348/304 63 

Larynx (19) 770/82 62 1564/406 61 

Breast (20, 21) -/3034 55 -/3392 56 

Endometrium (22) -/607 62 -/1366 61 

Ovary (23) -/1031 56 -/2411 57 

Prostate (24) 1294/- 66 1451/- 63 

Renal cell cancer (25) 494/273 62 988/546 62 

 

 

The proportion of refusals of subjects approached for interview was less than 5% in 

Italian centers, and about 15% in Switzerland. All the studies were conducted using the 

same protocol, which was revised and approved by the ethical committees of the 

hospitals involved according to the regulations at the time of each study conduction. 

All participants gave informed consent. 

Trained interviewers interviewed cases and controls during their hospital stay using 

the same structured questionnaire (or a similar one in Switzerland), including 

information on socio-demographic characteristics, anthropometric measures 

(including height and weight one year before cancer diagnosis or hospital admission), 

lifestyle habits (e.g., tobacco smoking, alcohol drinking), dietary habits, personal 

medical history, family history of cancer, and, for women, menstrual and reproductive 

factors, and use of oral contraceptives (OC) and hormone replacement therapy (HRT). 

History of diabetes mellitus and selected other medical conditions was self-reported 

and included age at first diagnosis.  

 

Statistical analysis 

Odds ratios (OR) of various cancers according to history of diabetes, and the 

corresponding 95% confidence intervals (CI), were estimated by unconditional multiple 

logistic regression models [28]. The models included terms for sex (when appropriate), 

age (5-year groups), study centre (categorical), year of interview (continuous) 

education (<7, 7-11, ≥12 years), alcohol drinking (<14, 14-27, ≥28 drinks/week), 

tobacco smoking (never, ex-smokers, current smokers of <15, current smokers of 15-

24 or current smokers of ≥25 cigarettes per day), and body mass index (BMI, <20, 20-

24, 25-29, ≥30 kg/m
2
). For breast, endometrial, and ovarian cancers, models further 

included parity, menopausal status, age at menopause, and OC and HRT use, and, for 
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breast cancer only, they also included age at first birth. Additional models were fit to 

assess the potential modifying effect of sex and age. To test for interaction, the 

difference in -2 log likelihood of the models with and without an interaction term was 

compared with the χ
2
 distribution with one degree of freedom. All statistical analyses 

were performed with SAS 9.1 statistical software (SAS Institute, Cary, NC). 

 

 

Results 

Table 2 gives the distribution of selected cancer cases and controls according to history 

of diabetes, and the corresponding ORs.  

 

Table 2. Distribution of cases of selected cancer sites and corresponding controls, and 

odds ratios (OR) and 95% confidence intervals (CI) according to history of diabetes. 

Italy and Switzerland, 1991-2009. 

Cancer site 

History of diabetes 
OR

a
 

(95% CI) 

OR
b
 

(95% CI) 
No Yes 

Cases (%) Controls (%) Cases (%) Controls (%) 

Oral cavity/ pharynx 1370 (93.3) 3580 (95.2) 98 (6.7) 181 (4.8) 
1.34 

(0.98-1.85) 

1.58 

(1.15-2.18) 

Esophagus 455 (90.1) 1197 (95.1) 50 (9.9) 62 (4.9) 
2.22 

(1.36-3.63) 

2.52 

(1.54-4.13) 

Gastric 213 (92.6) 504 (92.1) 17 (7.4) 43 (7.9) 
0.94 

(0.51-1.73) 

0.98 

(0.53-1.81) 

Colorectum 2229 (93.3) 4722 (95.5) 161 (6.7) 221 (4.5) 
1.23 

(0.99-1.53) 

1.23 

(0.98-1.53) 

Colon 1371 (93.7) 4722 (95.5) 92 (6.3) 221 (4.5) 
1.17 

(0.90-1.52) 

1.16 

(0.89-1.50) 

Rectum 858 (92.6) 4722 (95.5) 69 (7.4) 221 (4.5) 
1.36 

(1.02-1.83) 

1.38 

(1.03-1.86) 

Liver 145 (78.4) 377 (93.3) 40 (21.6) 27 (6.7) 
3.42 

(1.89-6.18) 

3.52 

(1.94-6.39) 

Pancreas 269 (82.5) 615 (94.3) 57 (17.5) 37 (5.7) 
3.18 

(1.95-5.20) 

3.32 

(2.02-5.44) 

Larynx 782 (91.8) 1836 (93.2) 70 (8.2) 134 (6.8) 
1.23 

(0.86-1.74) 

1.30 

(0.91-1.85) 

Breast/ 

pre-peri menopause 
1134 (98.6) 1165 (98.7) 16 (1.4) 15 (1.3) 

1.35 

(0.64-2.86) 

1.50 

(0.70-3.21) 

Breast/post-

menopause 
1750 (92.9) 2103 (95.1) 134 (7.1) 109 (4.9) 

1.83 

(1.39-2.40) 

1.76 

(1.34-2.32) 

Endometrium
d
 545 (89.8) 1300 (95.2) 62 (10.2) 66 (4.8) 

2.08 

(1.41-3.06) 

1.70 

(1.14-2.53) 

Ovary
d
 986 (95.6) 2324 (96.4) 45 (4.4) 87 (3.6) 

1.24 

(0.82-1.86) 

1.21 

(0.80-1.82) 

Prostate 1205 (93.1) 1352 (93.2) 89 (6.9) 99 (6.8) 
0.91 

(0.66-1.26) 

0.92 

(0.66-1.27) 

Renal cell 697 (90.9) 1423 (92.8) 70 (9.1) 111 (7.2) 
1.30 

(0.94-1.80) 

1.26 

(0.91-1.75) 

a
Estimates from logistic regression model adjusted for sex (when appropriate), age, 

study centre, year of interview, education, alcohol drinking, tobacco smoking. 

Reference category: no history of diabetes. 
b
Further adjusted for body mass index. 

c
Further adjusted for age at first birth, parity, age at menopause (when appropriate), 

oral contraceptives use, and hormone replacement therapy use. 
d
Further adjusted for 
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parity, menopausal status, age at menopause, oral contraceptives use, and hormone 

replacement therapy use. 

 

 

The OR for subjects with diabetes as compared to those without diabetes were 

significantly elevated for cancer of the esophagus (OR=2.22, 95% CI 1.36-3.63), 

colorectum (OR=1.23, 95% CI 0.99-1.53), rectum (OR=1.36, 95% CI 1.02-1.83), liver 

(OR=3.42, 95% CI 1.89-6.18), pancreas (OR=3.18, 95% CI 1.95-5.20), post-menopausal 

breast (OR=1.83, 95% CI 1.39-2.40), and endometrium (OR=2.08, 95% CI 1.14-3.06). 

Borderline significant associations were found for cancers of the oral cavity and 

pharynx (OR=1.34, 95% CI 0.98-1.85). After further adjustment for BMI, the OR was 

1.58 (95% CI 1.15-2.18) for oral and pharyngeal, 2.52 (95% CI) for esophageal, 1.23 

(95% CI) for colorectum, 1.38 (95% CI) for rectal, 3.52 (95% CI) for liver, 3.32 (95% CI) 

for pancreas, 1.76 (95% CI) for post-menopausal breast, and 1.70 (95% CI) for 

endometrial cancer. No significant associations were found between diabetes and 

gastric (OR=0.98, 95% CI 0.53-1.81), colon (1.16, 95% CI 0.89-1.50), laryngeal (OR=1.30, 

95% CI 0.91-1.85), pre-menopausal breast cancer (OR=1.50, 95% CI 0.70-3.21), ovarian 

(OR=1.21, 95% CI 0.80-1.82), prostate (OR=0.92, 95% CI 0.66-1.27), and renal cell 

(OR=1.26, 95% CI 0.91-1.75) cancer. After excluding subjects with a diagnosis of 

diabetes within 2 years from cancer diagnosis, the OR was 1.50 (95% CI 1.07-2.09) for 

cancer of the oral cavity and pharynx, 2.28 (95% CI 1.36-3.82) of the esophagus, 1.24 

(95% CI 0.99-1.56) of the colorectum, 1.48 (95% CI 1.10-1.99) of the rectum, 3.38 (95% 

CI 1.82-6.28) of the liver, 2.34 (95% CI 1.37-4.02) of the pancreas, 1.67 (95% CI 1.25-

2.23) of the post-menopausal breast, and 1.40 (95% CI 0.92-2.14) of the endometrium 

(data not shown). 

Table 3 considers the role of diabetes on cancer sites associated with diabetes in this 

study according to age at diagnosis of diabetes (< 40 years, ≥40 years). For all cancer 

sites considered, the association was stronger when diabetes was diagnosed at 40 

years of age or later, with the exception of oral and pharyngeal cancer. 

Table 4 considers the association with time since diagnosis of diabetes for selected 

cancer sites. For cancers of the oral cavity, esophagus, colorectum, rectum, liver, and 

post-menopausal breast, the excess risk persisted 10 or more years since diagnosis of 

diabetes; for pancreatic and endometrial cancer, the association was no longer evident 

after 10 years since diagnosis (OR=0.73, 95% CI 0.31-1.74, and 1.18, 95% CI 0.65-2.13, 

respectively).  
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Table 3. Distribution of cases of selected cancer sites and odds ratios (OR) and 95% 

confidence intervals (CI) according to age at diagnosis of diabetes. Italy and 

Switzerland, 1991-2009. 

Cancer site 

Age at diagnosis of diabetes 

< 40 years ≥ 40 years 

No.
a
 OR

b 
(95% CI) No.

a
 OR

b 
(95% CI) 

Oral cavity and pharynx
c
 11 3.01 (1.08-8.36) 86 1.49 (1.06-2.08) 

Esophagus 5 2.16 (0.48-9.55) 45 2.56 (1.53-4.30) 

Colorectum 9 0.73 (0.34-1.59) 152 1.29 (1.03-1.62) 

Colon 4 0.55 (0.19-1.58) 88 1.23 (0.94-1.61) 

Rectum 5 1.05 (0.39-2.82) 64 1.43 (1.05-1.94) 

Liver
c
 2 2.28 (0.31-16.70) 36 3.48 (1.86-6.53) 

Pancreas
c
 2 0.95 (0.15-6.12) 54 3.54 (2.11-5.93) 

Breast/post-menopause
d
 10 1.26 (0.53-3.01) 124 1.82 (1.37-2.43) 

Endometrium
e
 2 0.52 (0.10-2.57) 60 1.85 (1.23-2.80) 

a
Number of cases. 

b
Estimates from logistic regression model adjusted for sex (when appropriate), age, 

study centre, year of interview, education, alcohol drinking, tobacco smoking, and 

body mass index. Reference category: no history of diabetes. 
c
The sum does not add 

up to the total because of some missing values. 
d
Further adjusted for age at first birth, 

parity, menopausal status, age at menopause, oral contraceptives use, and hormone 

replacement therapy use. 
e
Further adjusted for parity, menopausal status, age at 

menopause, oral contraceptives use, and hormone replacement therapy use. 

 

 

Table 4. Distribution of cases of selected cancer sites and odds ratios (OR) and 95% 

confidence intervals (CI) according to time since diagnosis of diabetes. Italy and 

Switzerland, 1991-2009. 

Cancer site 

Time since diagnosis of diabetes 

< 5 years 5-9 years ≥ 10 years 

N.
a
 OR

b 
(95% CI) N.

a
 OR

b 
(95% CI) N.

a
 OR

b 
(95% CI) 

Oral 

cavity/pharynx
c
 

23 1.24 (0.68-2.26) 30 1.94 (1.05-3.56) 44 1.60 (1.02-2.52) 

Esophagus 11 1.96 (0.79-4.87) 20 4.16 (1.75-9.85) 19 2.02 (0.95-4.31) 

Colorectum 41 1.09 (0.73-1.64) 39 1.31 (0.84-2.05) 81 1.28 (0.94-1.73) 

Colon 26 1.11 (0.69-1.78) 20 1.16 (0.67-1.99) 46 1.19 (0.83-1.71) 

Rectum 15 1.03 (0.57-1.84) 19 1.67 (0.95-2.94) 35 1.48 (0.99-2.21) 

Liver
c
 14 3.16 (1.17-8.51) 11 8.33 (2.03-34.19) 13 2.45 (1.05-5.71) 

Pancreas
c
 29 5.51 (2.54-11.94) 18 15.45 (4.06-58.53) 9 0.73 (0.31-1.74) 

Breast/ 

post-menopause
d
 

48 2.63 (1.61-4.32) 26 1.26 (0.73-2.19) 60 1.61 (1.09-2.38) 

Endometrium
e
 23 2.61 (1.30-5.23) 18 1.88 (0.90-3.95) 21 1.18 (0.65-2.13) 

a
Number of cases. 

b
Estimates from logistic regression model adjusted for sex (when 

appropriate), age, study centre, year of interview, education, alcohol drinking, tobacco 

smoking, and body mass index. Reference category: no history of diabetes. 
c
The sum 
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does not add up to the total because of some missing values. 
d
Further adjusted for age 

at first birth, parity, menopausal status, age at menopause, oral contraceptives use, 

and hormone replacement therapy use. 
e
Further adjusted for parity, menopausal 

status, age at menopause, oral contraceptives use, and hormone replacement therapy 

use. 

 

 

The ORs of the selected cancer sites in relation to diabetes across strata of sex and age 

(< 60 and ≥ 60 years) are given in Table 5. Risk estimates were consistent in men and 

women; with reference to age, the associations where somewhat stronger in older 

subjects for esophageal, colorectal (particularly colon), and post-menopausal breast 

cancer, while they were similar in the two age groups for the other cancers. 

 

 

Table 5. Distribution of cases of selected cancer sites and odds ratios (OR) and 95% 

confidence intervals (CI) according to history of diabetes, by sex and age at cancer 

diagnosis. Italy and Switzerland, 1991-2009. 

Cancer site 

Sex Age 

Men Women < 60 years ≥ 60 years 

No.
a
 OR

b 

(95% CI) 

No.
a
 

OR
b 

(95% CI) 

No.
a
 OR

b 

(95% CI) 

No.
a
 OR

b 

(95% CI) 

Oral cavity/ 

pharynx 

78 1.54 

(1.06-2.22) 
20 

1.70 

(0.89-3.27) 

36 1.74 

(1.00-3.03) 

62 1.49 

(1.01-2.21) 

Esophagus 45 2.38 

(1.39-4.08) 
5 

4.88 

(1.28-18.6) 

13 1.57 

(0.66-3.74) 

37 3.29 

(1.80-6.03) 

Colorectum 107 1.23 

(0.94-1.62) 
54 

1.20 

(0.80-1.79) 

22 0.83 

(0.50-1.36) 

139 1.39 

(1.08-1.78) 

Colon 59 1.12 

(0.81-1.56) 
33 

1.09 

(0.67-1.76) 

9 0.55 

(0.27-1.12)
c
 

83 1.37 

(1.03-1.83)
c
 

Rectum 48 1.44 

(1.01-2.06) 
21 

1.44 

(0.83-2.49) 

13 1.29 

(0.69-2.41)
 

56 1.45 

(1.04-2.03)
 

Liver 33 3.46 

(1.76-6.81) 
7 

4.93 

(1.01-24.20) 

8 7.96 

(1.65-38.38) 

32 3.35 

(1.73-6.51) 

Pancreas 37 2.88 

(1.57-5.29) 
20 

4.70 

(1.92-11.5) 

15 3.42 

(1.25-9.34) 

42 3.11 

(1.75-5.53) 

Breast/post-

menopause
d
 

  150 
1.76  

(1.36-2.27) 

27 1.28 

(0.73-2.23) 

107 1.89 

(1.38-2.60) 

Endometrium
e
    

 
18 2.18 

(1.00-4.78) 

44 1.52 

(0.95-2.43) 
a
Number of cases with diabetes. 

b
Estimates from logistic regression model adjusted for 

sex (when appropriate), age, study centre, year of interview, education, alcohol 

drinking, tobacco smoking, and body mass index. Reference category: no history of 

diabetes. 
c
p-test for heterogeneity < 0.05. 

d
Further adjusted for age at first birth, parity, 

menopausal status, age at menopause, oral contraceptives use, and hormone 
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replacement therapy use. 
e
Further adjusted for parity, menopausal status, age at 

menopause, oral contraceptives use, and hormone replacement therapy use. 

 

 

Discussion 

The present analysis confirms and further quantifies the increased risk of colorectal, 

liver, pancreatic, post-menopausal breast, and endometrial, cancer in subjects with 

diabetes, particularly at elderly age and hence of type 2 [1-6, 11]. An excess risk of 

cancer was also found for cancers of the oral cavity and the esophagus, while no 

meaningful relation was found for gastric, ovarian, prostate, and kidney cancer. Most 

of the associations were not meaningfully modified by BMI; only for endometrial 

cancer the association was reduced after allowance for BMI, while for oral and 

pharyngeal cancer it was increased. This is not surprising, since endometrial cancer is 

strongly positively associated to body mass measures [29, 30], while oral cavity and 

esophageal cancer are inversely associated [31, 32]. No differences in risk estimates 

were observed between men and women, while the associations were somewhat 

stronger in older subjects, probably on account of the longer duration of diabetes. 

For all cancer sites significantly associated with diabetes (with the exception of oral 

and esophageal cancer) the excess risk was restricted to subjects whose first diagnosis 

of diabetes occurred after age 40 years, i.e., to those more likely to have had type2 

diabetes. The number of subjects with a diagnosis of diabetes before age 40 was, 

however, limited. Consequently, our data mainly reflect the relation with type 2 

diabetes. In other datasets as well, the association was mainly related to type 2 

diabetes, while data on type 1 diabetes have been limited and provided no consistent 

evidence of an association [1, 33, 34]. 

With reference to cancers of the oral cavity and esophagus, we found a 1.5 excess risk 

in subjects with diabetes. The relation persisted 10 or more year after diabetes was 

diagnosed and was somewhat stronger when diabetes was diagnosed before age 40 

years, i.e., likely diabetes of type 1. A recent pooled-analysis of 12 case-control studies 

did not report an overall excess of head and neck cancers (OR=1.09, 95% CI 0.95-1.24) 

[35], though a significant increased risk was found (OR=1.19, 95% CI 1.02-1.38), when 

excluding the only study reporting a significant inverse association [36]. An increased 

risk of oral cancer in subjects with diabetes was also suggested in a pooled analysis of 

97 prospective studies [7], while no excess risk was found in the large US Veteran 

cohort [5]. In support to a possible association between diabetes and oral and 

pharyngeal cancer, there are clinical observations that leukoplakia and other pre-

neoplastic oral lesions are more frequent among diabetics [37-40].  

With reference to esophageal cancer, we found a 2-fold excess risk, which – as in the 

case of oral cancer – persisted 10 or more year after diabetes diagnosis and was 

present when diabetes was diagnosed before age 40 years. A recent meta-analysis of 
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six case-control and 11 cohort studies also reported a modestly increased risk in 

diabetics (RR=1.30, 95% CI 1.12-1.50), the association being stronger for 

adenocarcinoma of the esophagus (RR=2.12, 95% CI 1.01-4.46). [41]. Since our 

esophageal cancer cases were of squamous-cell subtype, the association with diabetes 

is unlikely to be explained by residual confounding by BMI, since obesity is a risk factor 

mainly for adenocarcinoma of the esophagus [42]. 

We found a modest increase in risk of colorectal cancer in relation to diabetes, in line 

with the 30% increased risk reported in a meta-analysis of six case-control and nine 

cohort studies (relative risk, RR=1.30, 95% CI 1.20-1.40) [43] and in a subsequent meta-

analysis of 30 cohort studies (RR=1.27, 95% CI 1.21-1.34) [44]. The association in our 

study was somewhat stronger for rectal cancer, although no meaningful differences in 

subsite-specific risk estimates were generally reported [43, 44].  

The effect of diabetes on the colorectum may be mediated by insulin-related 

mechanisms. Insulin resistance and compensatory hyperinsulinemia (which 

characterize diabetes) have been reported to influence the insulin-like growth factor 

(IGF) system, which in turn may stimulate cellular proliferation and inhibit apoptosis 

[45, 46]. 

The 3-fold excess risk for cancer of the liver in diabetics is consistent with the pooled RR 

of 2.5 in a meta-analysis of 13 case-control (95% CI 1.8-3.5) and 13 cohort (95% CI 1.9-

3.2) studies [47], although another meta-analysis of 25 cohort studies reported a RR of 

2.01 (95% CI 1.61-2.51). Residual confounding by obesity – consistently associated to 

this neoplasm [48, 49] – does not seem to account for this finding, since allowance for 

BMI did not materially modify the strength of the association. Similarly, the association 

was not materially modified by alcohol and tobacco use. Diabetes may be a 

consequence of liver diseases which usually precede liver cancer [50]. However, in this 

study the association with diabetes persisted for more than 10 years after diagnosis 

and was not totally explained by overweight. This suggests a causal relation between 

diabetes and liver cancer [19, 51], which may be explained by changes in the hepatic 

activity and mitosis related to metabolic alterations or to impaired liver function in 

diabetics [52, 53]. 

Our data confirm the increased pancreatic cancer risk in subjects with diabetes 

reported in previous investigations, although our risk estimate was somewhat higher 

than the overall RR of 1.82 (95% CI 1.66-1.99) reported in a meta-analyses of 17 case-

control and 19 cohort studies [54] and of 1.94 (95% CI 1.66-2.27) from a subsequent 

meta-analysis of 35 cohort studies [55]. In agreement with findings from previous 

studies, the excess risk was stronger in subjects with a more recent diagnosis of 

diabetes [5, 54-57]. The risk remained elevated up to 10 years following the diagnosis 

of diabetes, but declines thereafter, as observed in two other recent case-control 

studies [56, 57]. However, persistent 30-50% increased risks were found among 

individuals who had diabetes for 10 or more years in the studies included in the two 
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meta-analyses [54, 55], as well as in a recent large cohort study among US veterans [5] 

and in other three large case-control studies from the USA [58]. Diabetes may be in 

part an early manifestation or a consequence of pre-clinical pancreatic cancer; early 

symptoms of pancreatic cancer may also favor the diagnosis of diabetes [59, 60]. 

However, reverse causation cannot completely account for the excess risk observed up 

to 10 years since diagnosis of diabetes, suggesting that it plays a real etiologic role on 

pancreatic cancer development. High insulin concentrations may be involved in the 

etiology of pancreatic cancer, as insulin acts as a growth promoter and mitogen in the 

pancreas [61, 62]. 

The increased risk of post-menopausal breast cancer in our data is consistent with the 

modest association reported in two meta-analyses of 20 studies (RR=1.15, 95% CI 1.12-

1.19) [8] and 26 studies (RR=1.20, 95% CI 1.12-1.28) [9]. In agreement with the findings 

from these two meta-analyses [8, 9], we also found no relation between diabetes and 

breast cancer in pre-menopause. Diabetes may affect breast cancer risk by altering 

hormones, such as the signaling of insulin, the IGF system, and steroid sex hormones 

[8, 9]. Overweight and obesity are known risk factors of post-menopausal breast 

cancer [49, 63, 64] and constitute the major risk factor for type 2 diabetes, too. Thus, 

in the absence of a relation with pre-menopausal breast cancer, it is likely that the 

association between diabetes and post-menopausal breast cancer is partly due to 

residual confounding by obesity [65], although our risk estimate does not seem to be 

meaningfully influenced by allowance for BMI. 

The almost 2-fold increased risk of endometrial cancer in diabetic women in our data is 

in line with the result of a meta-analysis of 13 case-control and three cohort studies 

reporting an overall RR of 2.10 (95% CI 1.75-2.53) [66], as well as of a few subsequent 

studies [67, 68]. The excess risk, however, declined with time since diagnosis of 

diabetes, being no more significant after 10 years. Hyperinsulinaemia and its influence 

on the IGF system [69, 70] and on serum levels and availability of estrogens may 

explain the increased endometrial cancer risk in diabetics [71-73]. However, since 

overweight and obesity are major risk factors for both conditions [49], the association 

between diabetes and endometrial cancer may be partly – though not totally – 

accounted for by the higher BMI of endometrial cancer cases, as also indicated by the 

decline in our OR estimates after adjustment for BMI. 

A non significant inverse relation was observed between type 2 diabetes and prostate 

cancer, consistent with the RR of 0.84 (95% CI 0.76-0.93) reported in a meta-analysis of 

19 studies [74]. A subsequent large nested case-control study from the USA [75], and a 

prospective study within the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer 

Screening Trial [76] also found an approximate 20% reduction in prostate cancer in 

relation to diabetes. A suggested explanation for such an inverse effect is the reduced 

androgen levels among diabetics [62, 77, 78], but the mechanisms underlining this 

association are still unclear. 
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The relation between diabetes and the risk of kidney cancer is controversial, indicating, 

if anything, a moderately increased risk [11, 79-84]. Our results are, thus, comparable 

with the overall epidemiological evidence. Also for this neoplasm, it is possible that 

residual confounding by overweight and obesity explains part of the association.  

For gastric, laryngeal and ovarian cancer, we found no meaningful association, in line 

with most other investigations [2, 5, 11, 85]. 

Cases and controls in the present studies came from comparable catchment areas, 

were interviewed by uniformly trained interviewers in their respective hospital 

settings, had an almost complete participation rate and were unaware of any 

particular hypothesis relating diabetes to the cancers considered, thereby reducing the 

likelihood of potential selection and recall bias. History of diabetes and other medical 

conditions was self-reported. However, reliability of information on medical history 

provided by hospital controls has been shown to be satisfactory in these studies, with 

a reproducibility coefficient (κ) of 0.85 for history of diabetes [86]. Moreover, the 

prevalence of diabetes among controls is similar across diagnostic categories, and the 

overall prevalence of diabetes among controls (4.8%) is consistent with estimates from 

Italian population-based surveys [87]. We were also able to allow for major 

confounding factors for the cancers considered, including in particular careful 

allowance for BMI. A limitation of this study is the lack of information on the use of 

antidiabetic drugs, which have been both directly (insulin and insulin analogues) and 

inversely (metformin) related to cancer risk [4]. 

Thus, our data confirm the excess risk of cancer of the colorectum, liver, pancreas, 

breast in post-menopause, and endometrium in subjects with diabetes. Moreover, 

they indicate that diabetes also increases the risk of cancers of the oral cavity/pharynx 

and esophagus, although the epidemiological evidence on these neoplasms so far 

inconclusive. It remains to clarify whether the association between type 2 diabetes and 

the risk of various cancer sites is largely due to common risk factors (in particular 

overweight/obesity). Metabolic alterations correlated to obesity and diabetes 

(hyperglycemia, hyperinsulinemia, insulin resistance), as well as systemic inflammation 

secondary to (abdominal) obesity, may in fact be responsible for the increase in cancer 

risk [1, 4, 62, 88, 89]. 
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Abstract 

The Mediterranean diet has been shown to have a beneficial role on various 

neoplasms, but data are scanty on pancreatic cancer. We analyzed data from two case-

control studies conducted in Italy between 1983 and 2008, including 362 and 326 

pancreatic cancer cases and 1552 and 652 hospital-controls, respectively. A 

Mediterranean Diet Score (MDS) summarizing major characteristics of the 

Mediterranean diet was used in the two studies separately and overall. Two further 

scores of adherence to the Mediterranean diet were applied in the second study only, 

the Mediterranean Dietary Pattern Adherence Index (MDP) and the Mediterranean 

Adequacy Index (MAI). Odds ratios (OR) for increasing levels of the scores (i.e., 

increasing adherence) were estimated using multiple logistic regression models. OR for 

a MDS score ≥6 compared to <3 was 0.57 (95% confidence interval, CI, 0.34-0.95) in 

the first study, 0.51 (95% CI 0.29-0.92) in the second study, and 0.48 (95% CI 0.35-0.67) 

overall. A trend of decreasing risk was observed also for the MDP and MAI scores, the 

ORs for the highest versus the lowest quintile being 0.44 (95% CI 0.27-0.73) for MDP 

and 0.68 (95% CI 0.42-1.11) for MAI. The results were consistent across strata of age, 

sex, education, body mass index, alcohol drinking, tobacco smoking, and diabetes. Our 

study provides evidence that a priori defined scores measuring adherence to the 

Mediterranean diet are favorably associated with pancreatic cancer risk.  
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Introduction 

The Mediterranean diet typical of southern European countries has different variants 

but it is generally characterized by some common features, i.e., abundant 

consumption of plant foods, fresh and varied fruit, high consumption of cereals, 

frequent consumption of fish, olive oil as the main seasoning fat, moderate 

consumption of wine mainly during meals, and relatively low intake of meat and dairy 

products [1]. Several epidemiological studies have indicated that adherence to the 

Mediterranean dietary pattern has a beneficial role on cardiovascular diseases [2-5] 

and overall mortality [4, 6-10]. In particular, for coronary heart diseases, no particular 

food has been implicated as causal, but the evidence for a favorable role of the 

Mediterranean dietary pattern is convincing [11]. More recently, other studies 

suggested that the Mediterranean diet has a favorable impact on common cancers as 

well [12-20]. 

Adherence to a Mediterranean diet pattern may have a beneficial role also on 

pancreatic cancer, although only a few studies have evaluated such an association. The 

US prospective National Institutes of Health-AARP Diet and Health study, including a 

total of 450,416 participants and 1,057 pancreatic cancer cases, reported a relative risk 

(RR) of 0.92 (95% confidence interval, CI, 0.81-1.05) for high (5-8 points) versus low (0-

4 points) no-alcohol Mediterranean dietary score. The risk reduction comparing the 

most extreme categories of the dietary score (7-8 points versus 0-1) was 27%, although 

it was not significant (p=0.06) [21]. In a cohort study from Sweden on 77,151 

participants and including 92 pancreatic cancer cases, the Mediterranean diet score 

was significantly inversely related to pancreatic cancer risk (RR=0.82, 95% CI 0.72-0.94) 

[22]. The adherence to various aspects of the Mediterranean diet, however, is likely to 

be much lower in those countries than in Italy. 

We have therefore evaluated the hypothesis that the Mediterranean diet has a 

beneficial role on the risk of pancreatic cancer using data from two Italian case-control 

studies [23]. To measure the adherence to the Mediterranean diet, we used three 

different a priori defined scores proposed in the literature to combine various 

foods/food groups, and adopted in various other epidemiological studies [24]. This is 

an alternative approach to that used in one of the Italian studies [25], where nutrient-

based dietary patterns were identified using an exploratory a posteriori approach, built 

on the specific dietary data under consideration.  

 

 

Materials and methods 

We analyzed data from two hospital-based case-control studies of pancreatic cancer 

conducted in Italy. Briefly, the first one was conducted between 1983 and 1992 in the 

province of Milan on 362 incident cases of pancreatic cancer (229 men, 133 women, 

median age 60 years, range 18-86) and 1,552 controls (1,114 men, 411 women, 
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median age 56 years, range 18-84) [26]; the second study was conducted between 

1992 and 2008 in the provinces of Milan and Pordenone (northern Italy) on 326 

incident cases (174 men, 152 women, median age 62 years, range 34-80) and 652 

controls (348 men, 304 women, median age 62 years, range 34-80), frequency-

matched to cases by age, sex, and study center (ratio 2:1) [27]. In both studies, 

controls were subjects admitted to the same network of hospitals as cases for a wide 

spectrum of acute, non-neoplastic conditions. Overall, 30% were admitted for traumas, 

21% for non-traumatic orthopedic disorders, 33% for acute surgical conditions, and 

16% for miscellaneous other illnesses, including eye, ear, nose, throat, skin or dental 

disorders. Less than 5% of cases and controls approached for interview refused to 

participate. 

Cases and controls were personally interviewed by centrally trained interviewers using 

similar structured questionnaires including information on socio-demographic 

characteristics, anthropometric measures (including self-reported weight and height), 

tobacco smoking, alcohol drinking, other lifestyle habits, and personal medical history 

of selected diseases. In the first study, subjects' usual diet prior to cancer diagnosis or 

hospital admission (for controls) was investigated using a simplified dietary section, 

including weekly frequency of consumption of 14 selected indicator foods. Subjective 

scores (low, medium, high) were used to obtain information on (whole grain) cereals 

and seasoning fat intake (butter, margarine, olive oil). In the second study, subjects' 

usual diet during the two years prior to cancer diagnosis or hospital admission (for 

controls) was assessed through a validated and reproducible food frequency 

questionnaire [28, 29], including 78 foods and beverages, as well as a range of recipes, 

i.e. the most common ones in the Italian diet, grouped into 7 sections: (i) bread and 

cereal dishes (first courses); (ii) meat and other main dishes (second courses); (iii) 

vegetables (side dishes); (iv) fruit; (v) sweets, desserts and soft drinks; (vi) milk and hot 

beverages; (vii) alcoholic beverages. Subjects were asked to indicate the average 

weekly frequency of consumption of each dietary item; occasional intake (lower than 

once a week, but at least once a month) was coded as 0.5 per week. An Italian food 

composition database, integrated with other sources, was used to estimate nutrient 

and total energy intake in this study [30, 31]. 

In both studies, we defined an a priori Mediterranean Diet Score (MDS) on the basis of 

nine (eight for the first study) characteristics of the traditional Mediterranean diet, as 

suggested by Trichopoulou et al. [6] (Supplemental Table): high consumption of 

cereals, fruit, vegetables, legumes (for the second study only), and fish, high 

monounsaturated/saturated fat ratio, low consumption of milk and dairy products, 

and meat and meat products, and moderate alcohol intake. The cut-points for the 

items considered were set to study and sex-specific median values among controls. For 

each subject, one point was attributed for the presence of each characteristic; for 

alcohol, one point was attributed to moderate drinkers (consumption over 0 and 
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below the median), and none to non or heavy drinkers (consumption above the 

median). We then summed up the points for all the nine (or eight in the first study) 

items to calculate the MDS, which thus ranges between 0 (no adherence) and nine (or 

eight) (maximum adherence).  

 

 

Supplemental Table. Dietary items included in the definition of the Mediterranean 

dietary scores used in the two case-control studies on pancreatic cancer. Italy, 1983-

2008. 

First study (1983-1992) Second study (1992-2008) 

Mediterranean Dietary Score  

Cereals Cereals 

Fruit Fruit 

Vegetables Vegetables 

- Legumes 

Fish Fish 

Olive oil/butter & margarine  Monounsaturated/saturated fat 

Milk and dairy products Milk and dairy products 

Meat and meat products Meat and meat products 

Alcohol intake Alcohol intake 

Mediterranean Dietary Pattern Adherence Index  

 Cereals 

 Fruit 

 Vegetables 

 Legumes 

 Alcohol 

 Monounsaturated/ saturated fat  

 Milk  

 Meat and meat products 

Mediterranean Adequacy Index  

 Cereals 

 Fruit 

 Vegetables 

 Legumes 

 Potatoes 

 Fish 

 Red wine 

 Vegetable oils 

 Milk and dairy products 

 Meat and meat products 

 Eggs 

 Animal fats/margarines 

 Sweet beverages 

 Sweets 

 Sugar 
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Two further scores of adherence to the Mediterranean diet were applied in the second 

study only, the Mediterranean Dietary Pattern Adherence Index (MDP) and the 

Mediterranean Adequacy Index (MAI). The MDP was calculated by summing up the 

standardized residuals of the regression of cereals, fruit, vegetables, legumes, 

moderate alcohol, monounsaturated to saturated fat ratio on total calories, and 

subtracting those of milk and meat. The MDP was then expressed as a percentage of 

adherence using the range of the values in the sample, and assumed values between 

0% (low adherence) and 100% (maximum adherence) [32]. MAI was calculated by 

dividing the sum of the intake of selected typical Mediterranean foods (i.e., bread, 

cereals, fruit, vegetables, legumes, potatoes, fish, red wine, and vegetable oils) as a 

percentage of total energy by the sum of the intake of non-typical Mediterranean 

foods (i.e., milk, cheese, meat, eggs, animal fats and margarines, sweet beverages, 

cakes, pies and cookies, sugar) again as the percentage of total energy [33]. In our 

population, this score ranged between 0.33 and 14.18. The MDP score had a high 

correlation with the MDS score (Pearson correlation coefficient=0.59), while the 

correlation coefficient was 0.29 between the MAI and the MDS score. 

We estimated odds ratios (OR) and the corresponding 95% CI of pancreatic cancer for 

categories of the three scores by unconditional multiple logistic regression models 

[34], including terms for age (5-years groups), sex, centre, calendar year at diagnosis, 

years of education (<7, 7-11, ≥12), body mass index (BMI, <25, 25-29.9, ≥30 kg/m
2
), 

tobacco consumption (never, ex-smoker, current smoker of <15 and ≥15 

cigarettes/day), history of diabetes (no, yes), and total energy intake (quintiles, 

available for the second study only). Overall risk estimates for the two studies 

combined were further adjusted by study. We also computed continuous ORs, for an 

increment of one unit for MDS and MAI and of 10-unit for the MDP.  

To investigate whether the associations with the three dietary scores was 

homogeneous across strata of selected covariates, we conducted analyses stratified by 

sex, age, education, BMI, tobacco smoking, alcohol consumption, and history of 

diabetes. Heterogeneity across strata was tested by likelihood ratio tests and resulting 

χ
2
 statistics.  

 

 

Results 

Table 1 shows the distribution of pancreatic cancer cases and corresponding controls 

by selected covariates. As compared to controls, cases were more frequently of female 

sex, were somewhat older, had a lower BMI, were more frequently heavy smoker, and 

reported more frequently a history of diabetes. No difference was observed with 

reference to education and alcohol drinking.  
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Table 1. Distribution of 688 pancreatic cancer cases and 2204 controls according to 

centre, sex, age and selected other variables. Italy, 1983-2008. 

 
Cases Controls 

No. % No. % 

Centre/study     

Milan (first study) 362 52.6 1552 70.4 

Pordenone (second study) 175 25.4 350 15.9 

Milan (second study) 151 22.0 302 13.7 

Sex     

Men 403 58.6 1489 67.6 

Women 285 41.2 715 32.4 

Age (years)     

< 50 92 13.4 519 23.6 

50-59 208 30.2 678 30.8 

60-69 247 35.9 686 31.1 

≥ 70 141 20.5 321 14.6 

Education (years)
a
     

< 7 358 52.2 1087 49.4 

7-11 181 26.4 646 29.3 

≥ 12 147 21.4 469 21.3 

Body mass index (kg/m
2
)

a
     

<20 90 13.2 122 5.6 

20-24.9 316 46.2 952 43.4 

25-29.9 212 31.0 884 40.3 

≥30 66 9.7 234 10.7 

Tobacco smoking 
a
     

Never smoker 274 39.9 913 41.5 

Ex smoker 173 25.2 521 23.7 

Current smoker     

1-19 cigarettes/day 89 13.0 357 16.2 

≥20 cigarettes/day 150 21.9 410 18.6 

Alcohol drinking (drinks/day)
a
     

<8 257 37.4 804 36.6 

8-14  123 17.9 403 18.3 

15-21 63 9.2 240 10.9 

≥22 244 35.5 752 34.2 

Diabetes     

No 585 85.0 2078 94.3 

Yes 103 15.0 126 5.7 
a
The sum does not add up to the total because of some missing values. 

 

 

The distribution of pancreatic cancer cases and controls, and the corresponding ORs 

according to the MDS (separately for the two studies and overall) are given in Table 2. 

A significant reduced risk of pancreatic cancer was found for increasing levels of the 

MDS: the ORs for subjects with 6 or more Mediterranean characteristics, compared to 

those with less than 3 characteristics were 0.57 (95% CI 0.34-0.95) in the first study, 
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0.51 (95% CI 0.29-0.92) in the second study, and 0.48 (95% CI 0.35-0.67) overall. The 

continuous ORs for a unit increment of the MDS were 0.88 (95% CI 0.81-0.95) in the 

first study, 0.89 (95% CI 0.81-0.99) in the second study, and 0.85 (95% CI 0.80-0.91) 

overall. In sensitivity analyses, the overall continuous OR was 0.84 (95% CI 0.79-0.90) 

after excluding milk from the MDS score, 0.83 (95% CI 0.78-0.88) after excluding 

cereals, 0.86 (95% CI 0.81-0.92) after excluding fruit, 0.84 (95% CI 0.79-0.90) after 

excluding vegetables, 0.87 (95% CI 0.82-0.93) after excluding meat, 0.85 (95% CI 0.79-

0.90) after excluding fish, 0.85 (95% CI 0.80-0.91) after excluding alcohol, and 0.83 

(95% CI 0.78-0.89) after excluding monounsaturated to saturated fat ratio. 

 

 

Table 2. Odds ratios
 a

 (OR) and 95% confidence intervals (CI) for pancreatic cancer 

according to the Mediterranean Diet Score (MDS) among 688 pancreatic cancer cases 

and 2204 controls. Italy, 1983-2008. 

MDS 

First study (1983-1992) Second study (1992-2008) Overall 

Cases Controls OR
a
 

(95% CI) 

Cases Controls OR
a
 

(95% CI) 

Cases Controls OR
a,c

 

(95% CI) N % N % N % N % N % N % 

<3 110 30.5 380 24.8 1
d
 36 11.0 50 7.7 1

d
 

14

6 
21.3 430 19.7 1

d
 

3 110 30.5 360 23.5 
1.18 

(0.85-1.62) 
50 15.3 94 14.4 

0.69 

(0.37-1.29) 

16

0 
23.3 454 20.8 

0.93 

(0.71-1.23) 

4 76 21.1 359 23.4 
0.81 

(0.58-1.15) 
72 22.1 151 23.2 

0.62 

(0.35-1.12) 

14

8 
21.5 510 23.3 

0.66 

(0.50-0.88) 

5 42 11.6 263 17.2 
0.60 

(0.40-0.91) 
81 24.9 156 23.9 

0.68 

(0.38-1.23) 

12

3 
17.9 419 19.2 

0.57 

(0.42-0.77) 

≥6 23 6.4 171 11.2 
0.57 

(0.34-0.95) 
87 26.7 201 30.8 

0.51 

(0.29-0.92) 

11

0 
16.0 372 17.0 

0.48 

(0.35-0.67) 

p-value for trend   0.0009     0.048     <0.0001 

OR
e
     

0.88 

(0.81-0.95) 
    

0.89 

(0.81-0.99) 
    

0.85 

(0.80-0.91) 

a
Estimates from unconditional logistic regression adjusted for center, age, sex, year of 

interview, education, body mass index, tobacco smoking, alcohol consumption, history 

of diabetes, and total energy intake (second study only). 
b
The sum does not add up to 

the total because of some missing values. 
c
Estimates further adjusted for study. 

d
Reference category. 

e
Estimate for an increment of one unit. 

 

 

The association for a continuous increment of the MDS was consistent in strata of age, 

BMI, alcohol drinking, and tobacco smoking (Table 3). The inverse relation with 

pancreatic cancer was stronger in subjects with a lower level of education as compared 

to those with a higher level (OR=0.79 and 0.91, respectively, p for heterogeneity 

between strata=0.0095) and in those with no history of diabetes as compared with 

those with a history of diabetes (OR=0.84 and 0.99, respectively, p for heterogeneity 

between strata=0.01). 
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Table 3. Odds ratios (OR) and 95% confidence intervals (CI) for pancreatic cancer 

according to the Mediterranean diet score in strata of selected covariates among 688 

pancreatic cancer cases and 2204 controls. Italy, 1983-2008. 

 Cases/controls OR
a
 (95% CI) 

Age (years)   

<60 300/1197 0.85 (0.77-0.93) 

≥60 388/1007 0.86 (0.79-0.93) 

Sex   

Men 403/1489 0.84 (0.78-0.91) 

Women 285/715 0.87 (0.79-0.97) 

Education (years)   

<7 358/1087 0.79 (0.72-0.87)
b
 

≥7 328/1115 0.91 (0.84-0.99)
b
 

Body mass index (kg/m
2
)   

<25 406/1074 0.89 (0.82-0.96) 

≥25 278/1118 0.82 (0.75-0.91) 

Alcohol drinking (drinks/week)   

1-14 380/1207 0.82 (0.75-0.89) 

≥15 307/992 0.89 (0.81-0.98) 

Tobacco smoking   

Never smoker 274/913 0.86 (0.78-0.95) 

Ex smoker 173/521 0.83 (0.73-0.94) 

Current smoker 239/767 0.86 (0.77-0.95) 

History of diabetes   

No 585/2078 0.84 (0.79-0.89)
b
 

Yes  103/126 0.99 (0.81-1.23)
b
 

a
Estimates from unconditional logistic regression adjusted for center, age, sex, year of 

interview, education, body mass index, tobacco smoking, alcohol consumption, history 

of diabetes, total energy intake (second study only) and study. OR for an increment of 

one unit. 
b
p-value for heterogeneity across strata <0.05. 

 

 

Table 4 shows the distribution of pancreatic cancer cases and controls and 

corresponding ORs according to the MDP and MAI scores. A trend of decreasing risk 

was observed for both scores, with ORs comparing the highest versus the lowest 

quintile of 0.44 (95% CI 0.27-0.72) for MDP and of 0.68 (95% CI 0.42-1.11) for MAI. The 

ORs were 0.79 (95% CI 0.69-0.90) for a 10-unit increment of the MDP and 0.82 (95% CI 

0.69-0.98) for a one unit increment of the MAI. The results for MDP and MAI were 

consistent across strata of age, sex, education, BMI, alcohol drinking, tobacco smoking 

and diabetes (data not shown).  
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Table 4. Odds ratios (OR) and 95% confidence intervals (CI) for pancreatic cancer 

according to the Mediterranean Dietary Pattern Adherence Index (MDP) and 

Mediterranean Adequacy Index (MAI) among 326 pancreatic cancer cases and 652 

controls. Italy, 1992-2008. 

 
Cases Controls 

OR
a
 (95% CI) 

N % N % 

MDP      

<48.7 85 26.1 111 17.0 1
b
 

48.7–54.1 67 20.6 129 19.8 0.71 (0.45–1.12) 

54.2–59.1 67 20.6 127 19.5 0.71 (0.44–1.13) 

59.2–65.4 59 18.1 138 21.2 0.68 (0.42–1.08) 

≥65.5 48 14.7 147 22.5 0.44 (0.27–0.73) 

p-value for trend     0.003 

OR
c
     0.79 (0.69-0.90) 

      

MAI
 

     

<1.23 76 23.5 119 18.3 1
b
 

1.23–1.60 73 23.5 122 18.7 1.04 (0.65-1.64) 

1.61–2.95 54 16.7 141 21.7 0.60 (0.37-0.97) 

1.96-2.47 66 20.4 129 19.8 0.83 (0.52-1.33) 

≥2.48 55 17.0 140 21.5 0.68 (0.42-1.11) 

p-value for trend     0.073 

OR
d
     0.82 (0.69-0.98) 

a
Estimates from unconditional logistic regression adjusted for center, age, sex, year of 

interview, education, body mass index, tobacco smoking, alcohol consumption, history 

of diabetes and total energy intake. 
b
Reference category. 

c
Estimate for an increment of 

10 units. 
d
Estimate for an increment of one unit. 

 

 

Discussion 

Our study provides evidence that a priori defined scores which include several aspects 

of the Mediterranean diet are favorably associated with pancreatic cancer risk. Such 

beneficial role is not meaningfully modified by allowance for known risk factors for this 

neoplasm, such as BMI, tobacco, alcohol, and diabetes. Moreover, as reported in two 

other studies that analyzed pancreatic cancer risk in relation to Mediterranean diet 

scores [21, 22], the inverse association was consistent in the two sexes. 

Among specific components of the Mediterranean diet, vegetables and fruits have 

been reported to reduce the risk of pancreatic cancer in a few studies, possibly on 

account of their high content in vitamin C, folate and phenolic compounds [35-40]. 

However, the evidence is not consistent and a recent report of the World Cancer 

Research Association has judged the evidence for fruit and vegetables and pancreatic 

cancer “limited – not conclusive” [41, 42].  
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Olive oil, the most used seasoning fat and the main source of monounsaturated fatty 

acid in Mediterranean countries, has also been reported to be a favorable indicator of 

various common cancers [43], although data on pancreatic cancer are scanty [44]. A 

possible beneficial role of olive oil on cancer has been explained in terms of its strong 

antioxidant properties, due to the specific fatty acid composition, as well as to the 

presence of various nutrients, such as vitamin E and polyphenols [43, 45]. However, 

olive oil may simply be an indicator of a healthier diet, richer in vegetables and other 

plant foods.  

Refined cereals (such as bread, pasta or rice) frequently consumed in Italy have been 

hypothesized to increase pancreatic cancer risk, through mechanisms involving insulin, 

insulin resistance and insulin-like growth factors (IGFs), and this is reflected in the 

estimates above unity for cereals in the present study [27, 46]. However, most 

epidemiological data do not indicate that a high intake of carbohydrates has a 

detrimental role on pancreatic cancer [36, 38, 47, 48].  

A direct association between pancreatic cancer and meat, particularly red meat, has 

been reported in several epidemiological studies [27, 36, 49-52]. Thus, the limited 

intake of (red) meat is another characteristic of the Mediterranean diet which 

favorably influences pancreatic cancer risk. The association with red meat has been 

attributed to heterocyclic amines, polycyclic aromatic hydrocarbons, and nitrosamines 

produced in meat cooking, thought the interpretation remains open to discussion [53-

55].  

The limited intake of animal foods and fats from animal sources, which characterizes 

the Mediterranean diet, may also contribute to its favorable role on pancreatic cancer, 

although the evidence of the role of animal foods other than meat, including milk and 

dairy products, eggs and fish, and of (saturated) fats on pancreatic cancer is limited 

and inconsistent [36, 38]. 

Finally, heavy – but not low/moderate – alcohol intake has been associated with an 

increased pancreatic cancer risk [56-58]. Thus, the regular but moderate consumption 

of wine mainly during meals characteristic of the Mediterranean diet, is not an 

unfavorable indicator of pancreatic cancer. 

More than on single dietary aspects, however, the interest of this study has to be 

related to the strong inverse relation between pancreatic cancer and the combination 

of various food items into a priori defined scores that take into consideration the 

synergistic effects or interactions of foods and nutrients characteristic of the 

Mediterranean diet. Thus, the combination of the favorable fatty acid profile, high 

fiber content, antioxidants and phytochemicals typical of the Mediterranean diet, and 

their synergistic effect appear to have a beneficial role on pancreatic, as on other 

cancers [12-19].  

With reference to possible sources of bias inherent to case-control studies, in order to 

reduce any potential information bias, the questionnaires were administered to both 
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cases and controls by the same interviewers, under similar condition. Dietary habits of 

hospital controls may be different from those of the general population, but we paid 

attention to exclude from the control group all diagnoses associated with long-term 

dietary modifications. Potential recall bias should be limited, given the limited 

appreciation by the Italian population of a link between diet and pancreatic cancer risk 

at the time of interview. To reduce any possible dietary modification bias due to the 

recent cancer diagnosis, we asked for habitual dietary habits before cancer diagnosis, 

although diet could have changed before due to subclinical disease. Among the 

limitations of the study is the short dietary questionnaire of the first study. However, 

the consistency of the results in the two studies, conducted in different calendar 

periods and using different questionnaires to assess dietary habits, gives further 

support to the finding of a beneficial role of the Mediterranean diet on pancreatic 

cancer. Among the strengths of the study are the relatively large sample size, the 

almost complete participation of cases and controls, the comparable catchment areas 

of study subjects, and the accurate control for major recognized risk factors for 

pancreatic cancer. Since other healthy behaviors may be associated with a better diet, 

unaccounted confounding could partly explain the observed inverse association. The 

major strength of the study is the application of a priori and independently developed 

Mediterranean scores to a population with a considerable variability with respect to 

these scores, while other studies on the issue were conducted in non-Mediterranean 

populations. The comparability of the results obtained from a simple intuitive score 

(MDS) adopted in various previous epidemiological studies and from two other more 

complex a priori scores (MDP and MAI) proposed to evaluate the adherence to the 

Mediterranean diet also supports our findings of a beneficial role of the Mediterranean 

diet on pancreatic cancer.  
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Abstract 

Scanty data are available on the role of combinations of foods and/or nutrients 

pancreatic cancer risk. In order to add further information on dietary patterns 

potentially associated to pancreatic cancer, we applied an exploratory principal 

component factor analysis on 28 major nutrients derived from an Italian case-control 

study. Cases were 326 incident pancreatic cancer cases and controls 652 frequency-

matched controls admitted to hospital for non neoplastic diseases. Dietary information 

was collected through a validated and reproducible food-frequency questionnaire. 

Multivariate logistic regression models – adjusted for socio-demographic variables and 

major recognized risk factors for pancreatic cancer – were used to estimate odds ratios 

(OR) of pancreatic cancer for each dietary pattern. We identified four dietary patterns 

– named “Animal Products”, "Unsaturated Fats", "Vitamins and Fiber" and "Starch-rich 

– which explain 75% of the total variance in nutrient intake in this population. After 

allowing for all the four patterns, positive associations were found for the “Animal 

Products” and the "Starch-rich" patterns, the ORs for the highest vs the lowest 

quartiles being 2.03 (95% confidence interval, CI: 1.29-3.19) and 1.69 (95% CI: 1.02-

2.79), respectively; an inverse association emerged for the "Vitamins and Fiber" 

pattern (OR=0.55, 95% CI: 0.35-0.86), while no significant association was observed for 

the "Unsaturated Fats" pattern (OR=1.13, 95% CI: 0.71-1.78). A diet characterized by a 

high consumption of meat and other animal products, as well as of (refined) cereals 

and sugars has a detrimental role on pancreatic cancer, while a diet rich in fruit and 

vegetables have a favorable role. 
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Introduction 

Cancer of the pancreas is the 5
th

 most common cause of cancer death in men and the 

4
th

 in women from Europe [1]. It has a very poor prognosis and it is one of the few 

neoplasms for which mortality trends have not changed over the past 40 years in 

developed countries [2-4]. Although the etiology of pancreatic cancer is still largely 

unknown, recognized risk factors are tobacco smoking, heavy alcohol drinking, 

overweight/obesity, history of diabetes and chronic pancreatitis, and family history of 

the disease [5, 6].  

With reference to dietary habits, several epidemiological studies reported an excess 

pancreatic cancer risk for high consumption of (red) meat and starchy foods/sweets, 

and a decreased risk for high consumption of fruit, vegetables, and folate-rich foods [7-

13], although the evidence remains inconsistent [8, 14]. Only a limited number of 

studies have considered the role of combinations of foods and/or nutrients – identified 

through a priori scores or a posteriori derived dietary patterns. In the US prospective 

National Institutes of Health-AARP Diet and Health study, a non significant 8% reduced 

risk of pancreatic cancer was found for high versus low no-alcohol Mediterranean 

dietary score, which became 27% comparing the most extreme categories of the 

dietary score [15]. A Canadian case-control study on 585 pancreatic cancer cases 

reported a 49% reduced risk for the “Fruit and Vegetables” pattern (characterized by 

high intake of fresh fruit and cruciferous vegetables) in men but not in women, and 

found no significant associations for the “Western” pattern (characterized by high 

intake of processed meat, sweets/desserts, refined grains and potatoes) and the 

“Drinker” pattern, characterized by elevated consumption of liquor, wine and beer 

[16]. In a combined analysis of the Health Professionals Follow-up Study and the 

Nurses’ Health Study, including a total of 366 pancreatic cancer cases, no overall 

associations were reported with either the “Prudent” pattern (characterized by high 

consumption of vegetables, legumes, fruit, whole grains, fish and poultry) and the 

“Western” one (characterized by high consumption of red and processed meat, refined 

grains, French fries, high-fat dairy products, sweets, desserts, and high-sugar drinks) 

[17]. A pattern characterized by high flavonol intake from tea, fruit, cabbage and wine 

was found to be inversely related to the risk of pancreatic cancer in smokers only in 

the Multiethnic Cohort including 610 pancreatic cancers, but not in the European 

Prospective Investigation into Cancer and Nutrition (EPIC) cohort including 517 cases 

[18]. In the Iowa Women’s Health Study (IWHS), including 256 postmenopausal 

women with pancreatic cancer, no significant associations were found with any of the 

four dietary patterns identified, i.e., the “Mediterranean”, the “High Fiber”, the “High 

Fruit” and the “High Sweet” [19]. 

In order to add further information on dietary patterns potentially associated to 

pancreatic cancer, we applied an exploratory principal component factor analysis 

(PCFA) on selected major nutrients derived from an Italian case-control study. 
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Methods 

Between 1991 and 2008 we conducted a multicentre case-control study on pancreatic 

cancer in the province of Pordenone and in the greater Milan area, northern Italy [12]. 

Cases were 326 patients (174 men and 152 women, median age 63 years) with 

incident, confirmed pancreatic cancer, admitted to major teaching and general 

hospitals. Controls were 652 patients (348 men, 304 women, median age 62 years), 

frequency matched to cases by study center, sex, and age (with a control to case ratio 

of 2:1), admitted to the same hospitals as cases for a wide spectrum of acute 

conditions other than neoplastic or digestive tract diseases. They were hospitalized for 

traumas (31%), other orthopedic disorders (31%), acute surgical conditions (28%), and 

miscellaneous other illnesses (10%). Over 95% of cases and controls approached to be 

interviewed agreed to participate. 

Trained interviewers administered a structured questionnaire to both cases and 

controls during their hospital stay. The questionnaire included information on socio-

demographic and anthropometric characteristics, selected lifestyle habits, physical 

activity, personal medical history, and family history of cancer. Usual diet during the 

two years before cancer diagnosis (for cases) or hospital admission (for controls) was 

assessed through a validated [20] and reproducible [21] food-frequency questionnaire 

(FFQ). Study participants were asked to indicate their average weekly frequency of 

consumption of 78 specific foods, food groups and Italian recipes, as well as lifetime 

consumption of alcoholic beverages. Several questions were also included to assess 

seasoning fat intake patterns. Foods consumed less than once a week but at least once 

a month were coded as 0.5 per week. Total energy intake and intake of nutrient and 

fiber were computed using an Italian food composition database, integrated with 

other sources when needed [22, 23]. 

 

Data analysis 

We carried out an exploratory PCFA on the correlation matrix of 28 selected major 

macro- and micro-nutrients to derive a smaller set of uncorrelated underlying factors, 

known as dietary patterns [24]. Analyses were performed on the overall group of cases 

and controls. The PCFA-derived dietary patterns were labeled quantitatively according 

to those nutrients that loaded ≥0.63 on the respective factors [25]. To assess reliability 

and refine the identified patterns, we calculated standardized Cronbach’s coefficient 

alphas for each factor and coefficient alpha when item deleted (i.e., calculated 

excluding each nutrient, one at a time) for each factor and for each nutrient loading 

≥0.40. Spearman rank correlation coefficients between the continuous factor scores 

derived from PCFA and the weekly number of portions of 29 selected food groups 

were calculated to improve interpretability of the identified dietary patterns. 

For each dietary pattern, study subjects were grouped into four categories according 

to quartiles of factor scores among controls. Logistic regression models conditioned on 
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age (5-years groups), sex and center, and adjusted for year of interview (continuous), 

education (<7,7-11,≥12 years), and major recognized risk factors for pancreatic cancer, 

i.e., body mass index (BMI, (<25.0,25.0-29.9,≥30.0 kg/m
2
), tobacco smoking (never 

smoker, ex-smoker, current smoker <15 cigarettes/day, current smoker ≥15 

cigarettes/day), alcohol drinking (0,1-2, ≥3 drinks/day), and diabetes (yes/no), where 

used to estimate odds ratios (OR) of pancreatic cancer and the corresponding 95% 

confidence intervals (CI) for each quartile category of the dietary patterns, as 

compared to the lowest one. Further allowance for other risk factors as family history 

did not meaningfully modified our risk estimates. Separate models including one 

dietary pattern at a time, and a composite model including all the patterns 

simultaneously, were fitted. Tests for trend were based on the difference of the 

likelihood ratio test between models with and without a linear term for the variable 

considered. All the analyses were performed using the SAS software, version 9.1 (SAS 

Institute, Inc., Cary, NY). 

 

 

Results 

The correlation matrix of the original nutrients was suitable for the factor analysis. 

Each nutrient showed at least 10 correlation coefficients >0.30 in absolute value (data 

not shown), thus allowing to perform the analyses on the entire set of selected 

nutrients. Results of Bartlett's test of sphericity (p-value < 0.001) allowed to rejecting 

the null hypothesis that the correlation matrix is an identity matrix (Appendix Table).  

 

 

Appendix Table. Factorability of the correlation matrix of the original nutrients: 

individual and overall measures of sampling adequacy, and Bartlett’s test of sphericity. 

Bartelett’s test of sphericity: p-value < 0.0001 

Kaiser-Meyer-Olkin statistic – overall measure of sampling adequacy: 0.85 

Individual measures of sampling adequacy: 

Mediocre: <0.60 - 

Acceptable: 0.60-0.69 linoleic acid, monounsaturated fatty acids 

Middling: 0.70-0.79 lycopene, retinol, total fiber, vitamin E  

Meritorious: 0.80-0.89 animal protein, vegetable protein, saturated fatty acids, other 

polyunsaturated fatty acids, soluble carbohydrates, calcium, 

phosphorus, iron, thiamine, riboflavin, total folate, vitamin C, vitamin 

D, starch 

Marvellous: ≥0.90 cholesterol, linolenic acid, sodium, potassium, zinc, vitamin B6, niacin, 

beta-carotene equivalents 

 

 

The Kaiser-Meyer-Olkin statistic was 0.85, indicating that the sample size for the factor 

analysis was adequate. The individual measures of sampling adequacy were generally 
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very high, with 26 nutrients having measures ≥0.70, and the remaining nutrients (i.e., 

linoleic acid and monounsaturated fatty acids) showing an “acceptable” value of the 

statistic. Overall, the correlations among individual nutrients were strong enough to 

suggest that the correlation matrix was factorable.  

Table 1 gives the factor loading matrix for the four retained dietary patterns, which 

together accounted for about 75% of the variance of the 28 original nutrients.  

 

Table 1. Factor loading matrix
a
 and explained variances (VAR) for the four major 

dietary patterns identified by factor analysis. Italy 1991-2008. 

 

Dietary patterns 

Animal 

Products 

Unsaturated 

Fats 

Vitamins and 

Fiber 
Starch-rich 

Animal protein 0.84 0.39 - 0.22 

Vegetable protein 0.25 0.23 0.36 0.84 

Cholesterol 0.71 0.46 - 0.31 

Saturated fatty acids 0.72 0.42 0.20 0.24 

Monounsaturated fatty acids 0.28 0.60 0.29 0.29 

Linoleic acid 0.20 0.80 0.12 - 

Linolenic acid 0.34 0.76 0.15 0.13 

Other PUFAs 0.29 0.69 - 0.31 

Soluble carbohydrates 0.44 - 0.67 0.10 

Starch 0.28 0.16 0.12 0.88 

Sodium 0.62 0.12 - 0.64 

Calcium 0.87 - 0.27 - 

Potassium 0.52 0.31 0.64 0.35 

Phosphorus 0.83 0.30 0.26 0.33 

Iron 0.44 0.44 0.35 0.46 

Zinc 0.71 0.42 0.23 0.45 

Thiamin (vitamin B1) 0.60 0.29 0.47 0.43 

Riboflavin (vitamin B2) 0.83 0.24 0.37 0.11 

Vitamin B6 0.55 0.42 0.50 0.41 

Total folate 0.43 0.29 0.67 0.35 

Niacin 0.46 0.48 0.32 0.48 

Vitamin C 0.11 - 0.85 - 

Retinol 0.37 0.29 0.12 - 

Beta-carotene equivalents - 0.22 0.71 - 

Lycopene - 0.34 0.23 0.53 

Vitamin D 0.37 0.47 - 0.26 

Vitamin E 0.15 0.78 0.47 0.19 

Total fiber 0.16 0.13 0.82 0.34 

Proportion of explained VAR 25.86 17.77 17.31 14.90 

Cumulative explained VAR 25.86 43.63 60.94 75.84 

PUFAs: polyunsaturated fatty acids. 
a
Estimated from a principal component factor 

analysis performed on 28 nutrients. The magnitude of each loading indicates the 

importance of the corresponding nutrient to the factor. Loadings greater or equal to 

0.63 were shown in bold typeface; loadings smaller than 0.10 were suppressed.  
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The greater the loading of a given nutrient to a factor, the higher the contribution of 

that nutrient was on that factor. Thus, the first pattern, labeled “Animal Products”, had 

the greatest loadings on calcium, animal protein, phosphorus, riboflavin, saturated 

fatty acids, cholesterol, and zinc. The second pattern, named "Unsaturated Fats", had 

the greatest loadings on linoleic acid, vitamin E, linolenic acid, and other 

polyunsaturated fatty acids. The third pattern, labeled “Vitamins and Fiber”, had the 

greatest loadings on vitamin C, total fiber, beta-carotene equivalents, soluble 

carbohydrates, total folate, and potassium. The fourth pattern, named “Starch-rich”, 

had the greatest loadings on starch, vegetable protein, and sodium. All the examined 

nutrients showed at least one loading greater than 0.30 on any factor, thus confirming 

a role of each nutrient in the original list.  

The baseline characteristics of participants according to quartiles of the four identified 

dietary patterns are given in Table 2.  

 

 

Table 2. Baseline characteristics of the study participants according to quartiles of 

dietary patterns. Italy 1991-2008. 

Dietary pattern, 

quartile 

Cases/ 

controls 
Age

a,b
 (years) 

Education
a,b 

(years)
 Smoking

b,c Physical 

activity
b,d 

Body mass 

index
a,b

 

(kg/m
2
) 

Energy 

intake
a,b

 

(kcal/day) 

Animal Products        

1 (low) 56/163 63 5.0 21.9 30.1 25.4 1901.8 

2 68/163 64 5.0 20.8 27.7 25.4 1995.7 

3 96/163 63 5.0 20.9 26.7 26.0 2348.7 

4 (high) 107/163 62 6.0 28.9 39.3 26.0 2834.8 

p-value  0.65 0.7191 0.0667 0.0329 0.0033 <0.0001 

Unsaturated Fats        

1 (low) 76/163 64 5.0 24.3 26.8 24.8 2038.6 

2 82/163 63 5.0 22.0 29.0 25.9 2296.4 

3 91/163 63 6.0 25.2 32.7 25.9 2296.4 

4 (high) 77/163 62 5.0 21.7 36.3 26.9 2843.1 

p-value  0.022 0.15 0.7127 0.0162 0.0001 <0.0001 

Vitamins and Fiber        

1 (low) 105/163 64 5.0 29.1 32.1 25.7 1922.7 

2 96/163 64 5.0 24.7 34.0 26.0 2263.2 

3 68/163 62 8.0 21.7 26.4 25.8 2362.2 

4 (high) 57/163 61 7.0 16.4 31.8 25.6 2610.1 

p-value  0.0008 0.23 0.0007 0.5080 0.3154 <0.0001 

Starch-rich        

1 (low) 50/163 64 5.0 15.5 27.2 26.0 1753.5 

2 80/163 64 5.0 23.9 30.0 25.4 2036.3 

3 105/163 63 7.0 24.3 27.6 25.7 2322.2 

4 (high) 91/163 61 7.5 28.4 39.4 26.0 2848.6 

p-value  0.0002 0.0001 0.0020 0.0108 0.0712 <0.0001 

a
Median. 

b
Trend across quartiles according to Cochran-Armitage test. 

c
Percentage of 

current smokers. 
d
Percentage of subjects with high occupational physical activity at 30-

39 years.  

 

 

Age was inversely associated with the “Unsaturated Fats”, “Vitamins and Fiber” the 

“Starch-rich” patterns; and education was directly associated with the “Starch-rich” 
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pattern; smoking was directly associated with the “Animal Products”, and “Starch-rich” 

patterns and inversely associated with the “Vitamins and Fiber” pattern; physical 

activity was directly associated to the “Animal Products”, “Unsaturated Fats”, and 

“Starch-rich” patterns; BMI was directly associated to the “Animal Products” and 

“Unsaturated Fats” pattern; total energy intake was positively associated with all 

dietary patterns identified. 

 

Table 3. Spearman rank correlation coefficients
a
 between continuous factor scores 

derived from factor analysis on nutrient intakes and weekly number of portions of 29 

selected food groups. Italy 1991-2008. 

 

Dietary patterns 

Animal 

Products 

Unsaturated 

Fats 

Vitamins and 

Fiber 
Starch-rich 

Milk 0.55 - 0.24 - 

Coffee 0.16 - - - 

Tea and decaffeinated coffee - - 0.11 - 

Bread 0.25 - - 0.69 

Pasta and rice - - 0.14 0.45 

Soups 0.11 - - - 

Eggs 0.28 0.29 - - 

White meat 0.17 0.15 - - 

Red meat 0.31 0.44 - 0.30 

Liver 0.25 0.29 - - 

Processed meat 0.23 - - 0.22 

Fish 0.14 0.27 - 0.11 

Cheese 0.54 - - - 

Potatoes 0.22 0.17 - 0.14 

Pulses 0.12 0.12 0.26 0.17 

Leafy vegetables - 0.21 0.27 - 

Fruiting vegetables - 0.20 0.29 - 

Root vegetables - 0.13 0.39 - 

Cruciferous vegetables 0.11 0.18 0.27 - 

Other vegetables 0.14 0.30 0.40 - 

Citrus fruit - - 0.54 - 

Other fruit 0.11 - 0.68 - 

Soft drinks and fruit juice 0.19 - 0.11 - 

Desserts 0.32 - 0.18 0.20 

Sugar and candies 0.27 - - 0.18 

Butter and margarine 0.13 0.20 - - 

Specified seed oils - 0.20 - - 

Unspecified seed oils - 0.52 - - 

Olive oil - 0.30 0.30 0.31 
a
Correlation coefficients ≥0.25 were shown in bold typeface; correlation coefficients 

<0.1 were suppressed.  
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The dietary patterns labeling based on factor scores is consistent with what emerged 

from the Spearman rank correlation coefficients between the continuous factor scores 

and the 29 selected food groups (Table 3). 

Table 4 shows the ORs and corresponding CIs for pancreatic cancer according to 

quartiles of factor scores for the four retained dietary patterns. 

 

 

Table 4. Odds ratios (ORs)
a
 and corresponding 95% confidence intervals (CIs) for 

quartiles of factor scores among 326 pancreatic cancer cases and 652 controls. Italy 

1991-2008. 

Dietary pattern 
Quartile category, OR (95% CI) 

p for trend
b
 

2 3 4 

Animal Products  1.02 (0.64-1.63) 1.23 (0.78-1.94) 2.03 (1.29-3.19) 0.0008 

Unsaturated Fats 1.17 (0.76-1.80) 1.18 (0.76-1.82) 1.13 (0.71-1.78) 0.6767 

Vitamins and Fiber  0.93 (0.63-1.39) 0.68 (0.44-1.04) 0.55 (0.35-0.86) 0.0035 

Starch-rich 1.54 (0.96-2.49) 1.85 (1.15-2.98) 1.69 (1.02-2.79) 0.0592 
a
Estimated from conditional logistic regression models conditioned on age, sex and 

study center and adjusted for year of interview, education, body mass index, tobacco 

smoking, alcohol drinking, and diabetes. Results refer to the composite model 

including all the four factors simultaneously. 
b
Reference category: first quartile.  

 

 

After allowing for all the four patterns and major confounding factors, an increased 

risk of pancreatic cancer was found for the “Animal Products” and the "Starch-rich" 

patterns, the ORs for the highest vs the lowest quartiles being 2.03 (95% CI: 1.29-3.19, 

p for trend=0.0008) and 1.96 (95% CI: 1.02-2.79, p for trend=0.0592), respectively. An 

inverse association emerged for the "Vitamins and Fiber" pattern (OR=0.55, 95% CI: 

0.35-0.86, p for trend=0.0035), while no significant association was observed for the 

"Unsaturated Fats" pattern (OR=1.13, 95% CI: 0.71-1.78, p for trend=0.6767). Similar 

results were obtained from models including each factor separately (data not shown). 

Moreover, analyses by strata of selected covariates (including sex, age, tobacco 

smoking and BMI), did not show any significant differences in the associations 

between men and women, subjects with age <65 and age ≥65 years, never/ex smokers 

and current smokers, and normal-weight (BMI <25 kg/m
2
) and overweight (BMI ≥25 

kg/m
2
) subjects (data not shown). 

 

 

Discussion 

In the present analysis we identified four dietary patterns, which explain 75% of the 

total variance in nutrient intake in this Italian population. The “Animal Products” 

pattern, highly correlated with meat, cheese, and milk, and the “Starch-rich” pattern, 
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with a high correlation with bread, pasta and rice, were significantly associated to an 

increased pancreatic cancer risk, while the “Vitamins and Fiber” pattern, correlated 

with various vegetables, pulses and fruit, was associated with a reduced risk. No 

relation was found with the “Unsaturated Fats” pattern, correlated with seasoning oils, 

but also meat and eggs. 

The identified associations with dietary patterns are consistent with findings from 

several previous studies on foods or nutrients, though the evidence of the role of 

dietary items on pancreatic cancer is not consistent. An inverse association of 

pancreatic cancer with vegetables and fruit has been reported in our [12] as several in 

other studies, although other investigations (mainly cohort ones) have not supported 

such an association [8, 9, 11, 12, 14, 26]. A more consistent beneficial role has been 

reported for folate and folate-rich foods [8, 27]. Conversely, a detrimental role of (red 

and processed) meat on pancreatic cancer risk has been reported in many, though not 

all, studies [8, 9, 12, 28-31]. An increased risk of pancreatic cancer in relation to high 

exposure to heterocyclic amines, polycyclic aromatic hydrocarbons, and nitrosamines 

meat has also been reported [32, 33]. The evidence of an association with other foods 

of animal origin (as dairy products or eggs) or with fats has been, however, less 

consistent [8, 9, 34]. The relation between starchy foods and pancreatic cancer is still 

unclear [8, 9], while there is some evidence of a possible increased risk, particularly for 

sugars [8, 9, 35, 36]. Any such relation is possibly mediated by hyperinsulinemia, 

insulin resistance and insulin-like growth factors (IGF) [37], as also indicated by the 

excess pancreatic cancer risk in diabetic subjects [38].  

Another study which investigated dietary pattern in relation to pancreatic cancer using 

a similar method reported an inverse relation with a “Fruit and Vegetable” pattern, the 

association being however limited to men [16]. No association was found in the IWHS 

with the “High Fruit” or “High Fiber” patterns [19], while in a US study no overall 

relation was found with the “Prudent” pattern – which included whole grain, fish and 

poultry besides fruit and vegetables – while a direct association was found in men [17]. 

Similarly, no association was found with other dietary patterns, as the “Western” 

pattern (rich in meat, animal foods, as well as cereals and sugars) [16, 17] nor with the 

“High Sweet” and “Mediterranean” patterns [19]. 

The inconsistencies in the results from various studies may be due to different study 

populations, methods of analysis, as well as to different definitions of dietary patterns, 

even in case similar labels. Labels indeed integrate both the statistical output and the 

subjective views of the investigators. In particular, our study included a Mediterranean 

population whose dietary habits differ substantially from those of northern American 

and European populations. Moreover, in our study dietary patterns were defined on 

the basis of nutrients, instead of using foods as in previous investigations. This allows 

to explain a higher proportion of the variance in dietary intake; moreover, from a 
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statistical point of view PCFA is more properly performed on continuous variables 

(such as nutrients) than on discrete ones (such as foods/food groups). 

Analyses of dietary patterns through PCFA, as compared to analyses on single foods or 

nutrients, provide more comprehensive information on the overall effect of dietary 

behaviors, also accounting for complex interactions between them. Among the 

limitations of such methods, however, there is the fact that PCFA is data driven and 

requires some arbitrary decisions, including the selection of dietary items to enter in 

the analysis, the number of factors to retain, the rotation method, the interpretation 

and labeling of the factors. However, sensitivity analyses confirmed the stability and 

robustness of our methods. Moreover, the factors identified in our analysis are 

consistent with those identified in similar analyses on other study populations [39, 40].  

Potential selection and recall bias of hospital-based case-control studies should also be 

considered. Dietary habits of hospital controls may be different from those of the 

general population, but we paid attention to exclude from the control group all 

diagnoses which could be associated to long-term dietary modifications. The similar 

catchment areas and the almost complete participation of cases and controls are 

reassuring against selection bias. A recent diagnosis of cancer may have influenced 

recall of diet for cases, although we asked for dietary habits 2 years before cancer 

diagnosis, and awareness of a role of diet in pancreatic cancer was unknown to the 

general population. The similar interview setting for cases and controls has reduced 

potential information bias. Among the strengths of the study there are the use of a 

validated [20] and reproducible [21] FFQ, which allowed for a comprehensive 

assessment of major nutrient sources in the Italian diet, although some measurement 

error inherent to the FFQ may be present. Moreover, we had detailed information on 

major recognized risk factors for pancreatic cancer. 

In conclusion, our data indicate that a diet characterized by a high consumption of 

meat and other animal products, as well as of (refined) cereals and sugars has a 

detrimental role on pancreatic cancer, while a diet rich in fruit and vegetables have a 

favorable role. 
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In the present dissertation, I considered various epidemiological aspects of pancreatic 

cancer. First, I conducted an updated analysis of the mortality from pancreatic 

mortality in Europe and other selected areas of the world. Secondly, I provided further 

quantifications of the risk of pancreatic cancer in relation to tobacco smoking and type 

2 diabetes, two of the major recognized risk factors for this neoplasm. Thirdly, I 

provided further information on the association between ulcer and its treatment on 

the risk of pancreatic cancer, and issue which has been investigated in various 

epidemiological studies, providing, however, inconsistent results. Finally, I evaluated 

the role of diet on pancreatic cancer, through the investigation of a priori and a 

posteriori dietary patterns which combined different food items and nutrients. The 

results of each epidemiological aspect considered in the present dissertation were 

presented and discussed in the single publications and corresponding chapters. I will 

provide here a final summary of these results, their discussion, and their interpretation 

on the basis of biological mechanisms, as well as a brief discussion of methodological 

aspects related to the studies considered in the present work. 

 

 

Review and interpretation of main findings 

Mortality trends 

As an indicator of the burden of pancreatic cancer, I considered mortality, since official 

data on mortality are available at a national level for many countries and for long time 

periods, thus allowing comparisons across countries and calendar periods. Incidence 

data are generally not available at a national level, but estimates are available only 

from local cancer registries. Moreover, incidence – more than mortality – can be 

influenced by improved accuracy in the diagnosis and certification of the disease, 

following the introduction of various modern imaging techniques [1, 2]. Moreover, for 

pancreatic cancer, which is a highly lethal neoplasm, mortality data are likely to 

strongly reflect incidence ones.  

The updated analysis of pancreatic cancer mortality shows that, in the early 2000’s, 

rates have been approximately stable in many European countries, as in the USA, 

Japan and Australia. In Japan, mortality from pancreatic cancer is relatively high, 

although overall mortality from cancer is 10% lower than in the USA and 20% lower 

than in the EU [3]. In Nordic countries and the UK, where declines in pancreatic 

mortality rates have been observed since the 1980’s, mortality seems to have reached 

a plateau or even to rise over most recent calendar years. Some persisting rises are still 

found in a few countries of southern and central/eastern Europe (with low rates in the 

past), in the EU overall, and in women from European and Asian countries. Recent 

trends are generally more favorable in young adults (30-49 years), suggesting that 

overall trends in pancreatic mortality are likely to improve in the next future [4].  
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Although this overview of mortality from pancreatic cancer has mainly a descriptive 

aim, such trends can be interpreted in terms of changes in exposure to main risk 

factors for pancreatic cancer (namely tobacco smoking, obesity, type 2 diabetes, 

alcohol drinking, and dietary exposures) as well as to changes in diagnosis and 

treatment for the diseases, and consequently in survival, over time. Trends in 

pancreatic cancer mortality at least in part reflect the different patterns in tobacco 

consumption – the major known risk factor for pancreatic cancer [5-9] – in subsequent 

generations of men and women in various countries worldwide. Thus, pancreatic 

mortality rates started to decrease earlier in countries where smoking control has 

been earlier (i.e., the UK, USA, Japan and Australia) [10-12], while upwards trends are 

still observed in men from various central/eastern European countries, as well as in 

women, for whom smoking has been increasing up to more recent generations. 

However, the modest increases in pancreatic mortality in various European countries, 

as well as in the EU overall, are in contrast with the persisting declines in mortality 

from cancers of the lung, upper digestive tract, and bladder [13, 14], suggesting that 

other factors, besides smoking, may have had some role. Overweight/obesity [15-19], 

as well as diabetes [20-22], may have adversely affected pancreatic cancer mortality 

trends, due to an increase in their prevalence in several areas of the world over the 

last few decades [23, 24]. Other recognized risk factors for pancreatic cancer, i.e., 

pancreatitis [25, 26], heavy alcohol drinking [27, 28], as well as selected dietary factors 

[19], cause a small proportion of pancreatic cancers on a population level, and 

consequently are likely to have had a negligible effect on national mortality trends.  

The diagnosis of pancreatic cancer poses some difficulties and less than 50% of cases 

worldwide has been histologically confirmed [6]. At least part of the earlier trends in 

pancreatic cancer mortality, as well as the rises in some countries of southern and 

central/eastern Europe, may have been due to improvement in the diagnosis and 

certification for the disease, following the introduction of ultrasound, computerized 

tomography, endoscopic retrograde cholangio-pancreatography, and imaging-guided 

fine needle aspiration [1, 2]. It is unlikely, however, that changes in diagnosis accuracy 

have played a major role over more recent calendar periods in most high-income 

countries of Europe and North America, as well as in Japan, also given the consistency 

of trends in these countries.  

Improvements in the treatment and management for pancreatic cancer are unlikely to 

have meaningfully affected mortality rates over the last decades in many countries, 

since progress in the treatment of pancreatic cancer has been very limited and 5-year 

relative survival from this neoplasm has remained extremely low [29]. 

This analysis thus confirms a leveling off in pancreatic cancer mortality in various areas 

of the world after decades of steady rises, although modest increases are still observed 

in countries of southern and central/eastern Europe, as well as in women. Pancreatic 
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cancer remains, therefore, one of the few cancer sites for which mortality has not 

declined over the last two decades in Europe, as in North America and Japan. 

 

Cigarette smoking 

The uniquely large collaborative analysis conducted within the PanC4 consortium 

allowed to provide more accurate estimates of the association between cigarette 

smoking and pancreatic cancer risk, with particular reference to the dose and 

duration-risk relationships. Results from this analysis confirm that current cigarette 

smoking is associated with a 2-fold increased risk of pancreatic cancer and that the risk 

rises with increasing number of cigarettes smoked and duration of smoking. A 20% 

excess risk of pancreatic cancer is still found among former smokers; this excess risk 

declines with time since quitting smoking and reaches the level of never cigarette 

smokers 20 years after stopping the habit.  

The increased pancreatic cancer risk in current cigarette smokers reported in our data 

is consistent with the results of a meta-analysis of 82 epidemiological studies (42 case–

control studies, 40 cohort studies) published between 1950 and 2007 [7] and with 

those of a pooled-analysis of eight cohort studies with almost 1500 incident cases of 

pancreatic cancer [8]. However, the estimate for current cigarette smokers from our 

data was slightly higher that that reported in previous investigations [7, 8, 30]. This can 

be due to the better distinction between current and former smokers that was 

possible in our analysis, but not in the studies included in the meta-analysis by Iodice 

et al. [7], as well as in prospective studies [8, 30]. In cohort studies, smoking habits are 

generally assessed at baseline and misclassification of smoking exposure is likely to 

underestimate the associated risks. The significant dose-risk relationship with 

increasing number of cigarettes smoked is consistent with that reported in the pooled-

analysis of cohort studies [8]. However, case-control studies data allowed us to assess 

this association specifically among current smokers, something that was not possible in 

cohort studies where the effect pertained to ever smokers. With reference to duration 

of smoking, we observed that risk of pancreatic cancer increased in relation to years of 

smoking, up to 40 years of smoking, confirming the long-term effect of cigarette 

smoking on pancreatic carcinogenesis [8, 31]. The results of our study also confirm the 

decline in risk of pancreatic cancer with increasing time since quitting cigarette 

smoking [7, 8], thus underlining the importance of stopping cigarette smoking to 

reduce the risk of developing pancreatic cancer. 

There is no a clear mechanistic explanation for the carcinogenicity of cigarette smoking 

on the pancreas. There are over 70 carcinogens in tobacco smoke that have been 

classified by the IARC as having sufficient evidence for carcinogenicity in either 

laboratory animals or humans [9, 31]. However, only a few pancreatic carcinogens 

have been identified in tobacco smoke, i.e., benzo[a]pyrene (BaP), 4-

(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) and its metabolite 4-
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(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL). Significantly higher levels of NNK 

were detected in the pancreatic juice of smokers as compared to non-smokers; NNAL 

and NNN were also detected in some samples [32]. DNA adducts of NNK and NNAL 

have been identified in pancreatic tissues of rats treated with these nitrosamines 

(Zhang et al., 2009b), although they were not detected in most human pancreatic 

tissue samples [33]. It is also unclear when smoking exerts its effect on pancreatic 

cancer development, although the declining risk following smoking cessation suggests 

that tobacco smoking is a late-stage carcinogen for pancreatic cancer.  

 

Type 2 diabetes mellitus 

Our data shows that type 2 diabetes is significantly associated to an increased risk of 

pancreatic cancer, the excess risk being stronger in subjects with a more recent 

diagnosis of diabetes, persisting up to 10 years following the diagnosis of diabetes, and 

declining thereafter. 

We thus confirm the evidence from previous studies indicating a 1.8-1.9 excess risk in 

diabetic subjects [20, 21]. The stronger excess risk we found in subjects with a more 

recent diagnosis of diabetes is in agreement with findings from previous studies [20, 

21, 34-36]. 

With reference to the duration-risk relationship between diabetes and pancreatic 

cancer, inconsistent results have been reported. As in our study, a few previous 

investigations indicated that the risk leveled off after 10 years since diabetes diagnosis 

[34, 35], while in other studies persistent 30-50% increased risks were found among 

subjects who had diabetes for 10 or more years [20-22, 36, 37]. 

The stronger excess risk of pancreatic cancer for a diagnosis of diabetes in close 

proximity to that of cancer suggests that diabetes is an early manifestation or a 

consequence of pre-clinical pancreatic cancer. In vitro studies suggested that 

pancreatic cancer induce insulin resistance, with consequent blockage of insulin 

receptors and impaired insulin action and glucose transport [21]. Moreover, early 

symptoms of pancreatic cancer may also favor the diagnosis of diabetes. However, 

reverse causation cannot completely account for the excess risk observed up to 10 

years since diagnosis of diabetes, indicating that diabetes is likely to play a real 

etiologic role on pancreatic carcinogenesis. Type 2 diabetes is associated with insulin 

resistance, hyperinsulinemia and increased levels of insulin-like growth factor (IGF)-1. 

High insulin concentrations may be involved in the etiology of pancreatic cancer, as 

insulin acts as a growth promoter and mitogen in the pancreas [38, 39]. IGF-1 and IGF-

1 receptor have been found to be highly expressed in pancreatic cell lines, this leading 

to decreased apoptosis, increased cell proliferation, and angiogenesis promotion. It 

remains to clarify whether at least part of the association between type 2 diabetes and 

the risk of pancreatic cancer is due to common risk factors (in particular 

overweight/obesity).  
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Dietary patterns 

I have evaluated the role of role of combinations of foods and nutrients on pancreatic 

cancer risk using both a priori defined scores proposed in the literature and adopted in 

various other epidemiological studies to measure the adherence to the Mediterranean 

diet and a posteriori dietary patterns built on the specific dietary data under 

consideration.  

Our study provides evidence that a priori defined scores which include several aspects 

of the Mediterranean diet are favorably associated with pancreatic cancer risk in the 

Italian population. Thus, the combination of the favorable fatty acid profile and the 

high content of fiber, antioxidants and phytochemicals typical of the Mediterranean 

diet appear to have a beneficial role on pancreatic, as on other neoplasms [40-42]. In 

the analysis of a posteriori dietary patterns defined on the Italian population, we also 

found that an “Animal Products” pattern (highly correlated with meat, cheese, and 

milk) and a “Starch-rich” pattern (highly correlated with bread, pasta and rice) are 

significantly associated to an increased pancreatic cancer risk, while a “Vitamins and 

Fiber” pattern (highly correlated with various vegetables, pulses and fruit) is associated 

with a reduced risk.  

The association observed with the dietary patterns identified can be interpreted in 

terms of major food items included in such dietary patterns. An inverse association 

between pancreatic cancer and vegetables and fruit has been reported in several 

studies, possibly on account of their high content in vitamins and phenolic compounds, 

with antioxidant, antimutagenic, and anticarcinogenic activity [19, 43-47]. Conversely, 

a detrimental role of (red and processed) meat has been reported in many, though not 

all, studies [19, 45, 48-52]. Such an association has been attributed to N-nitroso 

compounds, heterocyclic amines, and polycyclic aromatic hydrocarbons produced in 

meat cooking, thought its interpretation remains open to discussion [53, 54]. The 

relation between starchy foods (such as bread, pasta or rice) and pancreatic cancer is 

still unclear [45, 55], but there is some evidence of a possible increased risk, 

particularly for sugars [19, 45, 55-58]. Any such relation is possibly mediated by 

hyperinsulinemia, insulin resistance, and IGFs [59]. There is also some evidence that 

saturated fatty acids are associated to an increased risk of pancreatic cancer [19]. 

Dietary fat have been shown to promote pancreatic carcinogenesis in animal models 

through various proposed mechanisms [60, 61]. Conversely olive oil – the main source 

of monounsaturated fatty acid in Mediterranean countries – has been reported to be a 

favorable indicator of various common cancers [62]; this is possibly due to its specific 

fatty acid composition and to the presence of various nutrients, such as vitamin E and 

polyphenols, with strong antioxidant properties [62, 63]. Finally, heavy – but not 

low/moderate – alcohol intake has been associated with an increased pancreatic 

cancer risk [27, 28]. Alcohol (ethanol) has been classified by the IARC as a Group 1 

carcinogen and ethanol metabolites, such as acetaldehyde, have been identified as the 
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most important carcinogens [64]. Heavy alcohol consumption may increase pancreatic 

cancer risk via mechanisms that promote the effects of other risk factors such as 

tobacco smoking; heavy alcohol consumption may also alter metabolic pathways 

involved in inflammatory response [65, 66].  

Most previous studies analyzed single foods or nutrients on pancreatic cancer, while 

only a few investigations considered the role of diet in the complex [67-73]. Thus, the 

interest of this study has to be related to the strong inverse relation between 

pancreatic cancer and the combination of various food items/nutrients into a priori or 

a posteriori scores that take into consideration their synergistic effects.  

Our data indicate that a diet characterized by a high consumption of meat and other 

animal products, as well as of (refined) cereals and sugars, has a detrimental role on 

pancreatic cancer, while a diet rich in fruit and vegetables have a favorable role. In 

particular the Mediterranean diet, characteristic of Italy, may favorably affect 

pancreatic cancer risk. 

 

Ulcer and treatments for ulcer 

Our analysis based on a uniquely large dataset provides strong evidence that subjects 

with a history of gastric or duodenal ulcer have no excess risk of pancreatic cancer, 

although a diagnosis of peptic ulcer two years before pancreatic cancer diagnosis was 

associated with an increased risk. Study participants who underwent gastrectomy for 

treatment of ulcer or other benign conditions had a 50% excess risk, but this was again 

limited to those who had surgery within two years before cancer diagnosis.  

The results of this study confirm the evidence from several previous investigations that 

reported no association between peptic ulcer and subsequent pancreatic cancer risk 

[26]. The positive association observed in participants with a diagnosis of ulcer within 

two years prior to cancer diagnosis and the absence of risk for a longer time prior to 

diagnosis may be due to enhanced surveillance of people with newly diagnosed peptic 

ulcer, increasing the probability of being diagnosed with pancreatic cancer. Moreover, 

it is possible that peptic ulcer is an early symptom or a consequence of pancreatic 

cancer.  

The 50% increased risk of pancreatic cancer in relation to a history of gastrectomy is 

consistent with the evidence from previous investigations [26] and with the results of a 

meta-analysis [74]. Although a few small previous studies suggested that the increase 

in risk persisted more than 20 years after surgery [75-78], we found that the excess 

risk of pancreatic cancer was evident only for participants who had undergone 

gastrectomy within two years prior to cancer diagnosis. Thus, as for peptic ulcer, this 

would indicate a likely role of detection bias, following the increased medical 

surveillance of participants undergoing gastrectomy.  
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Our data do not support a role of any ulcer medications (including antacids, H2-

antagonists and PPIs) in pancreatic carcinogenesis, in agreement with the evidence 

from a few other studies [79-81]. 

In conclusion, our study provides definitive evidence that ulcer and its treatment have 

no causal role in pancreatic cancer development. 

 

 

Methodological issues 

In this section, I will discuss major weaknesses and strengths of the studies considered 

and the analyses conducted in the current dissertation. Moreover, I will discuss 

methodological aspects of nutritional patterns measuring. 

 

Limitation and strengths of the studies analyzed 

The studies analyzed within the network of Italian studies had a case-control design 

and are thus susceptible of possible bias, including recall bias, selection bias, and 

confounding [82]. In order to reduce any potential information or selection bias, cases 

and controls came from comparable catchment areas and were interviewed by the 

same interviewers, in their respective hospital settings. Cases and controls had an 

almost complete participation rate, this reassuring against a potential selection bias. 

Dietary habits of hospital controls may be different from those of the general 

population, but we paid attention to exclude from the control group all diagnoses 

associated with long-term dietary modifications. In particular, the controls enrolled in 

our studies were selected among patients admitted to the same hospitals as cases for 

acute, non neoplastic conditions, including traumas, non-traumatic orthopedic 

conditions, acute surgical conditions, and miscellaneous other illnesses (including 

dental, ear, eye, nose, throat or skins diseases). To reduce any possible dietary 

modification due to the recent cancer diagnosis, we asked for dietary habits two years 

before cancer diagnosis (or hospital admission for controls), although diet could have 

changed due to subclinical disease. For history of diabetes, we considered all diagnoses 

occurring prior to cancer diagnosis (or hospital admission for controls) and we are 

aware that this may have lead to an overestimation of pancreatic cancer risk, since 

diabetes diagnosis in close proximity to cancer diagnosis may be a consequence rather 

than a cause of pancreatic cancer. In any case, we also analyzed time since diabetes 

history, in order to better assess the causal role of diabetes on pancreatic cancer. 

Potential recall bias should be limited, also given the limited appreciation by the Italian 

population of a link between diet and medical conditions as diabetes and pancreatic 

cancer risk at the time of interview. Although some measurement error inherent to the 

FFQ used to asses dietary habits may be present, we used a validated [83] and 

reproducible [84] FFQ, which allowed for a comprehensive assessment of major 

nutrient sources in the Italian diet. History of diabetes and other medical conditions 
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was self-reported, but reliability of information on medical history provided by hospital 

controls has been shown to be satisfactory [85]. Moreover, we were able to carefully 

allow for major recognized risk factors for pancreatic cancer, including in particular 

tobacco smoking and BMI. 

With specific reference to the Panc4 consortium, it also included (hospital-based or 

population-based) case-control studies, which can have the inherent bias of this study 

design. As the Italian case-control studies, however, most studies paid careful 

attention to minimize any possible sources of bias. Among the strengths of the PanC4 

data are the uniquely large dataset, the availability of original and detailed information 

on the factors investigated, the possibility to uniformly and carefully account for study 

design variables and potential confounding factors for pancreatic cancer, including 

education, tobacco smoking, BMI, history of diabetes and pancreatitis, and heavy 

alcohol consumption, and to conduct stratified analyses by selected covariates. Given 

the retrospective design of the case-control studies included in the pooled analysis, it 

is possible that self-reported information on tobacco smoking, medical conditions as 

well as other factors were reported more accurately in cases than controls. However, 

the similar results in hospital and population-based studies and the consistency with 

those from cohort studies argue against a major role of recall bias and 

misclassification. 

 

Measuring nutritional patterns 

Analyses of dietary patterns, as compared to those of single foods or nutrients, may 

provide more comprehensive information on the overall effect of diet on cancer risk, 

accounting for the complex interactions between various dietary components [86-90]. 

By characterizing a healthy diet in a defined population, dietary patterns are also 

intuitively practical tools for disseminating dietary recommendations.  

Various approaches have been proposed in the literature to define dietary patterns, 

including the hypothesis-oriented/a priori approach and the exploratory/a posteriori 

approach used in this dissertation. In the a priori approach, dietary patterns are 

defined as indexes or scores built upon scientific evidence or knowledge for a specific 

disease and, generally, include foods or nutrients supported by dietary guidelines, 

recommendations, and/or specific dietary compositions (such as the Mediterranean 

diet) that are considered healthful [86, 87, 89, 91, 92]. The major limitation of this 

approach is that the a priori dietary patterns are highly subjective, the subjectivity 

being introduced in the selection and interpretation of the guidelines and in the 

construction of the scores (i.e., choice of foods selected for inclusion). Indexes also 

heavily dependent on the questionnaires used for data collection and are generally 

adapted to the specific questionnaire. Moreover, a priori dietary patterns vary across 

studies and include different dietary components, different weightings of components 
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and cutoff-points, resulting in indexes that potentially measure different definitions of 

the healthful behavior.  

In the a posteriori approach, dietary patterns are defined empirically, applying 

multivariate statistical methods (such as principal component analyses, PCA, 

exploratory factor analysis, FA, or cluster analysis) directly to the data under 

consideration [86, 89, 90, 93]. The aim of PCA and FA is to reduce the dimensionality of 

the data by transforming an original larger set of correlated foods or nutrients into a 

smaller and more easily interpretable set of uncorrelated variables, called principal 

components or factors (dietary patterns). The principal component factor analysis 

(PCFA) used in the present work is a FA where the PCA is adopted for parameter 

estimation. Such technique allows an easier interpretation of the identified factors as 

compared to normal PCA. 

For each subject and for each (retained) factor, a continuous summary score is then 

derived from PCA, FA or PCFA indicating the degree of adherence of a subject’s diet to 

each of the identified dietary patterns. Such factor scores are used for further cancer 

risk assessment.  

Among the limitations of such methods, however, there is the fact that PCA, FA or 

PCFA are data driven and requires some arbitrary decisions, including the selection of 

dietary items to enter in the analysis (foods or nutrients), the data matrix to work on 

(e.g., covariance or correlation matrix), the number of factors to retain, the rotation 

method, the interpretation and labeling of the factors. Sensitivity analyses can be used 

(as in our analyses) to confirm the stability and robustness of the method. The 

consistency of the factors identified in the analysis with those found in similar analyses 

on other study populations are another method to confirm the reproducibility of the 

dietary patterns identified. 

 

 

Conclusion 

Pancreatic cancer is the single major neoplasm showing unfavorable trends in most 

populations over the last decades. Thus, the burden of pancreatic cancer may become 

larger in the future [94]. Given the lack of effective screening and the modest 

improvement in therapies over the last decades, primary prevention is the only way to 

reduce pancreatic cancer. Control of tobacco smoking is one of the key measures, 

since it could avoid 15-25% of pancreatic cancers in various populations [8, 95]. Many 

efforts have been made in this regards, although further improvements are possible, 

particularly in countries were tobacco prevalence is still high and in female population. 

Control of overweight/obesity, and consequent type 2 diabetes, is another key 

measure for the prevention of pancreatic cancer. Obesity is increasing in most areas of 

the world, thought there are a few exeptions (i.e., France and Italy) [24]. Thus, a joined 

effort, involving the medical community, public health officials, and governments, 
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should be made to fight against overweight/obesity, through adequate campaigns and 

policies aimed at improving dietary habits and increasing physical activity. Although 

the evidence of the role of single foods and nutrients on pancreatic cancer is 

inconsistent, a more healthy diet, rich in plant foods and poor in meat, other animal 

products, (refined) cereals, and sugars, may favorably affect pancreatic cancer both 

directly and indirectly, by helping maintaining normal body weight and controlling type 

2 diabetes onset. 
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Pancreatic cancer is a highly aggressive neoplasm and represents the 7th most 

frequent cause of cancer death worldwide with an approximate 265 000 deaths, out 

280 000 new cases in 2008. Cigarette smoking is its major established risk factor but 

explains only a limited proportion of pancreatic cancers. Among other recognized risk 

factors are overweight/obesity, diabetes, chronic pancreatitis, and family history of the 

disease. No consistent association has been found with diet, except for a possible 

increased risk for low intake of fruit and vegetables and high intake of meat.  

In order to further address some open issues in the etiology of this neoplasm, I 

considered various epidemiological aspects of pancreatic cancer, including a global 

overview of mortality trends in Europe and other selected areas of the world over the 

last few decades, the evaluation of tobacco smoking and history of ulcer and its 

treatments using original data from a large international consortium of case-controls 

(the International Pancreatic Cancer Case-Control Consortium, PanC4), and the 

analysis of history of diabetes and dietary correlates of pancreatic cancer using data 

from two Italian case-control studies. 

 

Mortality trends 

I analyzed official death certification data derived from the WHO for 35 European 

countries and 19 other selected countries over the period 1980-2007. In 2007, the 

highest mortality rates (age-standardized, world standard) from pancreatic cancer 

were in the Baltic countries, and some central/eastern and northern European 

countries (over 9.5/100,000 men and 6/100,000 women), while the lowest ones were 

in Latin America and Hong Kong (below 5/100,000 men and 3/100,000 women). Japan, 

the USA, Russia, the European Union (EU), as well as the largest countries in the EU, 

had rates between 7 and 9/100,000 men and between 5 and 6/100,000 women. Since 

the early 2000’s, rates have been approximately stable in many European countries, as 

in the USA, Japan, and Australia. In Nordic countries and the UK – where declines in 

rates have been observed since the 1980’s – mortality from pancreatic cancer seems 

to have reached a plateau, and have tended to rise, over most recent calendar years. 

Some persisting rises were still found in men from a few countries of southern Europe 

(with low rates in the past) and of central/eastern Europe, in the EU overall, and in 

women from European and Asian countries. Recent trends were generally more 

favorable in young adults, suggesting that overall trends are likely to improve in the 

next future. 

 

The International Pancreatic Cancer Case-Control Consortium (PanC4): cigarette 

smoking and ulcer 

To further evaluate and quantify dose- and duration-risk relationships between 

cigarette smoking and pancreatic cancer, I analyzed original data from 12 case-control 

studies within the PanC4, including 6507 pancreatic cases and corresponding 12,890 
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controls. This uniquely large pooled analysis confirmed that current cigarette smoking 

is associated with an over 2-fold increased risk of pancreatic cancer and the risk 

increases with number of cigarettes smoked (odds ratio, OR, 3.4 for ≥35 

cigarettes/day) and with duration of smoking (OR 2.4 up to 40 years of smoking). The 

risk of pancreatic cancer decreased with increasing time since smoking cessation, 

reaching the level of never smokers 20 years after quitting.  

Peptic ulcer and gastrectomy have been suggested to increase pancreatic cancer risk, 

although the evidence is inconsistent. In order to further clarify this issue, I analyzed 

the pooled data from 10 case-control studies within the PanC4, including 4717 

pancreatic cancer cases and 9374 corresponding controls. No relation between 

pancreatic cancer and history of ulcer was found overall, though an association was 

observed for a diagnosis of ulcer within two years prior to cancer diagnosis (OR=2.43). 

A significant increased risk was found for history of gastrectomy (OR 1.53), but the 

excess risk was limited to a gastrectomy within two years prior to cancer diagnosis (OR 

6.18), while no significant increased risk was observed for a longer history of 

gastrectomy. Thus, this uniquely large collaborative study does not support the 

hypothesis that peptic ulcer and its treatment materially affect pancreatic cancer risk. 

The increased risk for short-term history of ulcer and gastrectomy suggests that any 

such associations may be due to increased surveillance. 

 

The Italian case-control studies: diabetes and dietary patterns 

Diabetes has been associated to the risk of pancreatic cancer, though the 

quantification of this association in various populations remains open to discussion. I 

analyzed the relation between diabetes and the risk of pancreatic cancer in a case-

control study conducted in Italy between 1992 and 2008, including 326 cases and 652 

hospital controls. An over 3-fold excess risk of pancreatic cancer was observed for 

history of diabetes. The excess risk was stronger in subjects with a more recent 

diagnosis of diabetes and remained elevated up to 10 years following the diagnosis of 

diabetes, to decline thereafter. Although diabetes may be in part an early 

manifestation or a consequence of pre-clinical pancreatic cancer, reverse causation 

cannot completely account for the excess risk observed up to 10 years since diagnosis 

of diabetes, suggesting that diabetes plays a real role on pancreatic cancer risk. 

The Mediterranean diet has been shown to have a beneficial role on various 

neoplasms, but data are scanty on pancreatic cancer. I analyzed data from the Italian 

case-control study conducted in 1992-2008 and an earlier Italian case-control study 

conducted between 1983 and 1992, on 362 pancreatic cancer cases and 1552 hospital 

controls. A Mediterranean Diet Score (MDS) summarizing major characteristics of the 

Mediterranean diet was used in the two studies separately and overall. Two further 

scores of adherence to the Mediterranean diet – Mediterranean Dietary Pattern 

Adherence Index (MDP) and Mediterranean Adequacy Index (MAI) – were applied in 
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the second study only. The OR for MDS ≥6 compared to <3 was 0.48 in the two studies 

combined. A significant trend of decreasing risk was observed also for high MDP 

(OR=0.44) and MAI (OR=0.68). The study thus provides evidence that adherence to the 

Mediterranean diet – measured using various a priori defined scores – is favorably 

associated with pancreatic cancer risk.  

In order to add further information on dietary patterns associated to pancreatic 

cancer, I applied an exploratory principal component factor analysis on 28 major 

nutrients derived from the Italian case-control study conducted in 1992-2008. Four 

dietary patterns were identified, explaining 75% of the total variance in nutrient intake 

in this population. Direct associations were found between pancreatic cancer and the 

“Animal Products” (OR=2.03 for the highest vs the lowest quartiles) and the "Starch-

rich" (OR=1.69) patterns; a significant inverse association emerged for the "Vitamins 

and Fiber" pattern (OR=0.55), while no significant association was observed for the 

"Unsaturated Fats" pattern. Thus a diet rich in fruit and vegetables have a favorable 

role on pancreatic cancer, while a diet characterized by a high consumption of meat 

and other animal products, as well as of (refined) cereals and sugars has a detrimental 

role. 

 

Conclusion 

Pancreatic cancer is the single major neoplasm showing unfavorable trends in most 

populations over the last decades. The lack of effective screening and the modest 

improvement in therapies over the last decades, prevention is the only way to reduce 

pancreatic cancer. Control of tobacco smoking is one of the key measures, since it 

could avoid 15-25% of pancreatic cancers in various populations. Many efforts have 

been made in this regards, although further improvements are possible, particularly in 

countries were tobacco prevalence is still high and in female populations. Control of 

overweight/obesity, and consequent type 2 diabetes, is another key measure for the 

prevention of pancreatic cancer. Obesity is increasing in most areas of the world, 

thought there are a few exeptions (i.e., France and Italy). Thus, a joined effort, 

involving the medical community, public health officials, and governments, should be 

made to fight against overweight/obesity, through adequate campaigns and policies 

aimed at improving dietary habits and increasing physical activity. Although the 

evidence of the role of single foods and nutrients on pancreatic cancer is inconsistent, 

a more healthy diet, rich in plant foods and poor in meat, other animal products, 

(refined) cereals, and sugars, may favorably affect pancreatic cancer both directly and 

indirectly, by helping maintaining normal body weight and controlling type 2 diabetes 

onset. 
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Given the unfavorable trends in pancreatic cancer incidence and mortality in most 

countries over the world over the last decades, in contrast to most other cancer sites, 

pancreatic cancer is likely to acquire a greater social and economic relevance in the 

near future.  

The findings of this work may have important implications on public health and cancer 

prevention at a population level. Understanding the etiology of pancreatic cancer 

provides the best means to develop strategies for prevention, early detection and 

treatment. Pancreatic cancer remains one of the most lethal neoplasms. Given the lack 

of effective screening and the modest improvement in therapies over the last decades, 

prognosis of pancreatic cancer has not dramatically changed for decades, and its 5-

yeasr relative survival is still less than 5%. Improvement in clinical management could 

contribute to better survival, but primary prevention and early diagnosis are the only 

way to reduce the burden of this disease. 

Our analysis of recent trends in pancreatic cancer mortality worldwide provides an up-

to-date picture of the epidemic of pancreatic cancer, indicating priority areas of 

intervention. These include several central/eastern European countries, which have 

now the highest rates on a world scale for both sexes.  

Several of the analytic epidemiologic results included in the preset work are also of 

clear relevance on a social and economic level. Thus, the global analysis of the PanC4 

on cigarette smoking provides the most accurate estimates of the association between 

tobacco and pancreatic cancer, with relative risk (RR) consistently above 2 in moderate 

to heavy smokers. It also quantifies more precisely than previously available the falls in 

risk after stopping smoking, with an overall leveling of the RR close to the level of 

never smokers 15 or more years after stopping. It provides therefore additional 

compelling evidence on the importance of stopping smoking, not only for 

cardiovascular disease and lung cancer, but also for another major tobacco-related 

cancer. 

Our findings on diabetes and pancreatic cancer also have clear social and economic 

relevance. The overall 3-fold excess risk in diabetics indicates that pancreatic cancer is 

one of the major (neoplastic) health consequences of diabetes. The excess risk is 

anything larger for diabetes diagnosis at age 40 or more, i.e., most likely type 2 

diabetes, which is essentially related to overweight/obesity. Thus, the control of 

overweight/obesity is an additional instrument to reduce the burden of pancreatic 

cancer on a population level. 

Apart from overweight/obesity, in this work there are indications that selected dietary 

patterns may favorably influence pancreatic cancer risk. Thus, the use of simple 

Mediterranean diet scores leads to an over 50% reduction in the overall pancreatic 

cancer risk for subjects with the highest adherence to the Mediterranean diet. The 

Mediterranean countries appear to have relatively low pancreatic cancer rates, 

indirectly confirming the findings of our investigation. Along this line, we also included 
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an analysis of a posteriori defined dietary patterns which confirmed that a diet 

including animal products and starch is associated to an increased pancreatic cancer 

risk, while a diet rich in fruit and vegetables can have a beneficial effect on pancreatic 

cancer. The issue of diet and pancreatic cancer is still open to discussion, but the effect 

that selected dietary patterns appear to be associated to a substantial change in 

pancreatic cancer risk indicates the scope for further focusing our attention on dietary 

factors. If confirmed, our findings on diet and pancreatic cancer have not only a 

scientific interest, but also practical implications on a population level. 

Consequently, as for most epidemiological research, the results of this work have 

interest not only for the scientific and academic community, but also for the medical 

environment in terms of providing indication for prevention and for the population at 

large. The information provided by this work can be translated into important 

prevention recommendations, thus giving a real contribution to the control of this 

neoplasm in the population. Indeed, our results have been widely quoted in web sites 

for the general public, such as those of the Cancer Research UK 

(http://www.cancerresearchuk.org/cancer-info/cancerstats/) and the American Cancer 

Society (http://www.cancer.org/research/cancerfactsstatistics/). 

In addition, our findings are of interest for politicians, who can find additional reasons 

to strengthen the policies for tobacco control, as well as measures to limit 

overweight/obesity on a population level. 

The food industry is another potential target of our research, since it may derive 

indications for supporting the distribution and consumption of favorable foods, while 

restricting those unfavorable. This potential indication for the food industry may well 

also have implications on productive and commercial activities. 

While several of our results (e.g., those on tobacco) are essentially confirmative – 

although provide more accurate information than previously available on the tobacco-

pancreatic cancer relationship – other findings are more innovative. These include 

essentially our results on nutrition and diet. This issue is still open to discussion in 

terms of confirmation of our results, but suggests innovative approach towards the 

control of at least part of pancreatic cancer cases on a population level. 

Established findings from epidemiologic studies, such as the tobacco and diabetes 

pancreatic cancer association, call for prompt valorization and urgent implementation 

of measures for the control of such devastating disease on a population scale. It is 

simply regrettable that tobacco control has been so slow in all countries and 

population worldwide and our results on pancreatic cancer constitute an additional 

reason for urgent implication for effective measure for further control. 

Epidemiological results have relevant economic implications but often less obvious 

market opportunities. Still, some of our findings on diet can provide useful indications 

towards modifying the food market in a favorable way for pancreatic cancer control. 

Given the foods and nutrients apparently favorable on pancreatic cancer this should 
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not involve additional relevant costs and may well contribute towards the definition of 

a more convenient and – economically and environmental – sustainable diet. 
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