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ABSTRACT 

 

 

Cancer mortality has declined over the last three decades in most high-income countries reflecting 

improvements in cancer prevention, diagnosis, treatments, and management. However, there are 

persisting and substantial differences in mortality, incidence, and survival worldwide.  

Using the World Health Organization (WHO) database I worked on the trends and projections 

analysis of mortality from various cancer sites. I computed age-specific rates for each 5-year age 

group, calendar year, and sex globally. I then computed age-standardized mortality rates per 100,000 

person-years using the direct method based on the world standard population. I performed joinpoint 

models to identify the years when significant changes in trends occurred and I calculated the 

corresponding annual percent changes. For the mortality projections, I predicted the number deaths 

and rates for a specific calendar year, using a logarithmic Poisson count data joinpoint regression 

model.  

My first study on this topic aimed to provide an up-to-date overview of trends in cancer mortality, 

incidence, and survival among adults, retrieving data from high-quality population-based cancer 

registries in seven high-income countries and the European Union. Mortality from all cancers and 

most common cancer sites has declined over the last three decades, except for pancreas and lung (in 

women). The patterns for incidence were less consistent between countries, except for a steady 

decrease in stomach cancer in both sexes and lung cancer in men. Survival for all cancers and the 

selected cancer sites increased in all countries, although there is still substantial variability. Although 

overall cancer death rates continue to decline, incidence rates have been levelling off among males 

and have been moderately increasing among females. These trends reflect population changes in 

cancer risk factors, screening test use, diagnostic practices, and treatment advances. Many cancers 

can be prevented or treated effectively if they are diagnosed early. Population-based cancer incidence 

and mortality data can be used to inform efforts to decrease the cancer burden and regularly monitor 

progress toward goals. 

I had the opportunity to collaborate with the University of Miami Miller School of Medicine, which 

provided data on cancer mortality among Italy-born Americans in California, Florida, Massachusetts, 

and New York Departments of Vital Statistics. The comparison of cancer mortality rates and risk 

factors among foreign-born populations in a host country with those in the country of origin provides 

insights into differences in access to care, timely diagnosis, and disease management between the two 



6 

 

countries. Moreover, cancer studies on specific European-born populations in the USA are scarce. 

Using official Italian death certificate data and resident population estimates based on the official 

census from the WHO, I was able to conduct a study to compare cancer mortality rates between 

Italians and Italy-born Americans. Generational differences in smoking prevalence patterns between 

the USA and Italy may explain the advantages for Italy-born Americans for lung and other tobacco-

related cancers compared to their Italian male counterparts. The lower prevalence of Helicobacter 

pylori, alcohol consumption, and hepatitis B and C virus in the USA may justify the lower mortality 

for stomach and liver cancer, among Italy-born Americans. Earlier and more widespread adoption of 

cancer screening and effective treatments in the USA is likely to be influential in breast, colorectal, 

and prostate cancer mortality. 

I then focused my studies on urologic cancer mortality over time and predictions. I carried out a time-

trend analysis for selected European countries for prostate, testis, bladder, and kidney cancers over 

the last four decades. Prostate cancer mortality in the EU decreased over recent years and the 

projections are favorable. Less favourable trends were observed in eastern Europe, though starting 

from relatively low rates. Testicular cancer mortality declined over time in most countries, however 

levelling off in northern and western countries, after reaching very low rates. Bladder cancer mortality 

trends were less favourable in central and eastern countries compared to northern and western ones. 

Kidney cancer mortality reported a slight increase in men and stable rates in women over the last 

decade in the EU. To sum up, over the last four decades, mortality from prostate, testis, and bladder 

cancers but not from kidney cancer, declined in most European countries. Prostate cancer mortality 

rates remain lower in Mediterranean countries than in northern and central Europe. Rates for all 

urologic cancers remain higher in central and eastern Europe. I wrote a book chapter on the 

epidemiology of prostate cancer, including all the aspects I studied for my PhD. 

In addition, I published as a co-author other papers on mortality over time and prediction analysis 

focusing on different aspects and various cancer mortality causes: mortality from soft tissue sarcomas, 

childhood cancer mortality, colorectal cancer mortality in young adults, and mortality from gastric 

and esophageal cancer, and differences between eastern and western EU cancer mortality. I submitted 

an abstract for the Africa Mortality Symposium on mortality cancer trends in the Republic of South 

Africa, the Republic of Mauritius, and Réunion and I am currently working on European prediction 

of cancer mortality rates for 2023. The research group I work has been publishing cancer mortality 

predictions annually since 2011.  
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Moreover, during these three years, I was involved in the CEFIC project (PI Prof. Negri from 

University of Bologna) titled “Incidence trends of selected endocrine-related diseases and conditions 

in Europe and North America, and the contribution of changes in human reproduction”. Among the 

endocrine-related diseases and conditions, there were four cancer sites considered: endometrium, 

breast, testis, and prostate. I gave my contribution to this project by evaluating the cancer incidence 

trends in high-income countries worldwide and reviewing the association between selected 

reproductive factors and the selected cancers. Thus, we investigated changes in relevant reproductive 

factors and estimated their influence on cancer occurrence. 

During my PhD, I have been collaborating with the department of Oncology at the Mario Negri 

Institute. Under the supervision of Dott. Bosetti I have worked on various projects. In particular, I 

was involved in updating of a meta-analysis concerning aspirin use and the risk of twelve solid tumors 

with a dose-response analysis finalizing three publications. Moreover, the Mario Negri Institute 

manages the Italian Register of Multiple Sclerosis, collecting data from more than 100 Italian centers 

including more than 70.000 patients. Based on this real-world dataset, I have dealt with several 

aspects related to multiple sclerosis, being involved in the drafting of two papers one concerning two 

methods for measuring the disability accumulated over time and another one studying patients’ and 

referral centers’ characteristics in relation to multiple sclerosis phenotypes. 

In my last PhD year, I worked at the Department of Quantitative Methods and Economics of the 

University of Las Palmas supervised by Prof. Serra-Majem for nine months. This training period 

aimed to gain new experience in conducting cost-effectiveness studies. I conducted a study aimed to 

quantify the over cost due to obesity among patients hospitalized for Covid-19. In collaboration with 

the Department of Public Health, I conducted an effectiveness analysis of a primary prevention 

intervention with a Mediterranean diet supplemented with extra-virgin olive oil or nuts using the data 

from PREDIMED Trial. Lastly, I took part in the WOMEDS Study, a project aimed to analyse gender 

inequality among medical doctors in Spain. During these months abroad, I co-wrote three papers, 

currently under revision. 
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INTRODUCTION 

Descriptive epidemiology is a fundamental instrument for exploratory studies in order to generate 

new hypotheses and/or verify them. It is usually considered the first approach to define the purpose 

and scope of a research investigation. 

The basic techniques of descriptive epidemiology were borrowed from demography and the key 

descriptive tools were morbidity and mortality rates. Their comparison and their standardization were 

and are still the main methods used.  

Cancer is a major burden of disease in the world and the first cause of death in many countries 1. An 

efficient registration system with accurate and timely information on cancer incidence and mortality 

is the key to policies to prevent and control cancer. Almost every country has its registry. Over the 

years, cancer registries have improved the quantity and the quality of data, also working on the 

standardization of definitions and registration procedures. Cancer incidence and mortality data are 

routinely recorded in cancer registries and became the basic data for cancer surveillance. Moreover, 

demographic data were also published on a more regular basis and became available for an increasing 

number of populations. 

The improvement and the greater availability of epidemiological and time-based mortality and 

incidence data brought the development of techniques, focusing on the analysis of time series, that 

characterized modern descriptive epidemiology. They aimed to identify different factors that underlie 

the changes in rates. Historical oncologic data collected in cancer registries could provide us with 

rich information on the changes in cancer incidence and mortality over the years; the trends of 

changing rates could reflect the changes in the underlying risks.  

Thus, the collection of increasingly detailed morbidity and mortality data, and the creation of data 

systems that allow cases and deaths to be located in time and space, have provided a solid basis for 

the evaluation of time series trends, in turn requiring the development of appropriate statistical 

methods, both explanatory and predictive 2. 

Prediction of a future event is a complex process subject to large uncertainties and, for many aspects, 

questionable. However, in several human activities and working areas, it is useful to obtain 

information on future trends, even if uncertain or imprecise. Regarding cancer mortality data, the 

prediction of future cancer mortality rates is essential to plan the allocation of resources and evaluate 

strategies for prevention and cancer management. 

In the following chapters, I will provide the statistical definitions and methods I used.  
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Mortality Rates 

The death rate is an estimate of the proportion of a population that dies during a specified period. The 

numerator is the number of people dying during the period; the denominator is the size of the 

population. The death rate in a population is generally calculated by the formula: 

𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑒 =  
𝑛° 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑎 𝑠𝑝𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑝𝑒𝑟𝑖𝑜𝑑

𝑛° 𝑜𝑓 𝑝𝑒𝑟𝑠𝑜𝑛 𝑎𝑡 𝑟𝑖𝑠𝑘 𝑜𝑓 𝑑𝑦𝑖𝑛𝑔 𝑑𝑢𝑟𝑖𝑛𝑔 𝑡ℎ𝑒 𝑝𝑒𝑟𝑖𝑜𝑑
∗ 100,000 

This rate is an estimate of the person-time death rate, i.e. the death rate per 100,000 person-years. 

This rate is also called the crude death rate.  

 

Standardized rates 

To compare two or more populations and remove as far as possible the effects of differences in age 

or another confounding variable, usually, the standardization of the rates is made.  

 

The standardized rate ratios  

Direct method: the specific rates in a study population are averaged, using as weights the distribution 

of a specific standard population. The directly standardized rate represents what the crude rate would 

have been in the study population if that population had the same distribution as the standard 

population concerning the variable(s) for which the adjustment or standardization was carried out. 

The age-standardized mortality ratio (ASMR) is calculated as follows: 

𝐴𝑆𝑀𝑅 = ∑ 𝐴𝑆𝐷𝑅 ∗ 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑠 

 

Where ASDRs are the deaths in an age group divided by the population of that age group × 100,000. 

While the standard error (SE) and the 95% confidence interval (CI) are obtained as follows: 

𝑆𝐸 = √∑
(𝑛° 𝑜𝑓 𝑑𝑒𝑎ℎ𝑡𝑠𝑖 ∗ 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑖)2

𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑖
2 ∗ 100,000 

95%𝐶𝐼 = 𝐴𝑆𝑀𝑅 ± 1.96𝑆𝐸 
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The following are the WORLD and EU standard population distributions: 

Age group WORLD standard EU standard 2013 

0-4 0.120 0.050 

5-9 0.100 0.055 

10-14 0.090 0.055 

15-19 0.090 0.055 

20-24 0.080 0.060 

25-29 0.080 0.060 

30-34 0.060 0.065 

35-39 0.060 0.070 

40-44 0.060 0.070 

45-49 0.060 0.070 

50-54 0.050 0.070 

55-59 0.040 0.065 

60-64 0.040 0.060 

65-69 0.030 0.055 

70-74 0.020 0.050 

75-79 0.010 0.040 

80-84 0.005 0.025 

85+ 0.005 0.025 

 

Indirect method: this is used to compare study populations for which the specific rates are either 

statistically unstable or unknown. The specific rates in the standard population are averaged, using as 

weights the distribution of the study population. The ratio of the crude rate for the study population 

to the weighted average so obtained is the standardized mortality ratio (SMR). The indirectly 

standardized rate itself is the product of the SMR and the crude rate for the standard population. 

 

Joinpoint regression model 

Joinpoint regression model analyses rates, proportions, or any other measure that can be considered 

over time in order to identify the possible time point(s) at which any given trend changes, that is the 

joinpoint(s), and to estimate the regression function with joinpoint(s) previously identified. The 

joinpoint regression model for the observations (𝑥1, 𝑦1), … (𝑥𝑛, 𝑦𝑛), where 𝑥1 < 𝑥2 < ⋯ < 𝑥𝑛 

represents the time variable and 𝑦𝑖 = (𝑖 = 1, … 𝑛) is the response variable, can be written as 3: 

𝑦𝑖 = 𝛼 + 𝛽1, 𝑥𝑖 + 𝛿1(𝑥𝑖 − 𝜏1)+ + ⋯ + 𝛿𝑘(𝑥𝑖 − 𝜏𝑘)+ + 𝜀𝑖
(𝑘)
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where: 

(𝑥𝑖 − 𝜏𝑘)+ = {
𝑥𝑖 − 𝜏𝑘 𝑓𝑜𝑟 𝑥𝑖 > 𝜏𝑘

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

and  𝜏1 < ⋯ < 𝜏𝑘 are the joinpoints. 

 

Annual Percent Change 

Annual Percent Change (APC) is one way to characterize trends in cancer rates over time. With this 

approach, the cancer rates are assumed to change at a constant percentage of the rate of the previous 

year. For example, if the APC is 1%, and the rate is 20/100,000 in 1990, the rate will be 20 ∗ 1.01 =

20.2 in 1991 and 20.2 ∗ 1.01 = 20.402 in 1992. Rates that change at a constant percentage every 

year change linearly on a log scale. For this reason, to estimate the APC for a series of data, the 

following regression model is used:  

log 𝑅𝑦 = 𝑏0 + 𝑏1𝑦 

Where 𝑅𝑦 is the natural log of the rate in year y. 

The APC from year y to year y+1 is 

𝑅𝑦+1 − 𝑅𝑦

𝑅𝑦
∗ 100 = 

=
𝑒𝑏0+𝑏1(𝑦+1) − 𝑒𝑏0+𝑏1(𝑦)

𝑒𝑏0+𝑏1(𝑦)
∗ 100 = 

= (𝑒𝑏1 − 1) ∗ 100 

 

Average Annual Percent Change 

While the joinpoint model computes the trend in segments whose start and end are determined to best 

fit the data, sometimes it is useful to summarize the trend over a fixed predetermined interval. The 

average annual percent change (AAPC) is a method that uses the underlying joinpoint model to 

compute a summary measure over a fixed pre-specified interval. 

The AAPC is a summary measure of the trend over a pre-specified fixed interval. It allows us to use 

a single number to describe the average APCs over multiple years. It is valid even if the joinpoint 
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model indicates that there were changes in trends during those years. It is computed as a weighted 

average of the APCs from the joinpoint model, with the weights equal to the length of the APC 

interval. The AAPC over any fixed interval is calculated using a weighted average of the slope 

coefficients of the underlying joinpoint regression line with the weights equal to the length of each 

segment over the interval. The final step of the calculation transforms the weighted average of slope 

coefficients into an annual percent change. If we denote 𝑏𝑖s as the slope coefficients for each segment 

in the desired range of years, and the 𝑤𝑖s as the length of each segment in the range of years, then: 

𝐴𝐴𝑃𝐶 = (𝑒
∑ 𝑤𝑖𝑏𝑖

∑ 𝑤𝑖 − 1) ∗ 100 

 

Predictive analysis 

The prediction of future trends in incidence and mortality is essential to generate the epidemiological 

information necessary for resource allocation in health planning. Estimates of the current and future 

burden of cancer worldwide are needed in order to prioritize prevention actions, allocate health 

services and resources, and evaluate the impact of interventions and treatments 4. Global cancer 

incidence projections suggest that the burden of cancer will continue to rise 5. In developed nations, 

this is largely attributable to growing and ageing populations. Identifying exposures and interventions 

with the greatest potential impacts on reducing cancer risk will aid in implementing prevention 

programs and policies to combat this growing health challenge. 

This is why projection methods are so important and accurate projections of the future burden of 

cancer are essential. 

Statistical methods for cancer projections, which are commonly used when information on risk factors 

is not available, can be implemented in two steps: 

i) using historical data to model trends of cancer risk; 

ii) extrapolating the trends into the future to project the numbers and rates. 

Statistical modelling of past trends allows projecting rates by extrapolating time trends from observed 

rates. The number of new cancer cases or deaths is calculated by applying the estimated rates to 

projected population numbers. Projections based on cancer incidence and mortality over time assume 

that trends in risk behaviour will remain stable, no intervention or screening program will be started, 

and there is no change in diagnostic techniques. However, this assumption of unchanged trends in 

rates is very strong and may not be realistic 4. 
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Mathematically, trends can be described as linear or non-linear, and different statistical modelling 

techniques including parametric, semi-parametric, and non-parametric models can be used. Because 

different statistical methods can result in different cancer projections, it may be difficult to determine 

which method is more appropriate. Thus, appropriate statistical modelling is fundamental to obtaining 

valid cancer projections 4. 

The literature proposes many statistical models for cancer projections, each focusing on different 

issues and aspects. Recently, my group compared different methods to predict ASMR, showing the 

best predictive performance from the Poisson GLM with the identity link function 6. Annually, my 

research group produced projection estimates for major cancer sites in Europe and worldwide using 

a simple identity model. 

 

Joinpoint regression on the number of deaths 

The trend analyses performed with joinpoint regression models can be used also to predict mortality 

trends, following the steps explained above: 

iii) A joinpoint regression model is fit to the logarithm of the number of age-specific deaths for 

each 5-year age group to identify the most recent trend segments.; 

iv) A regression model is applied to the mortality data for each age group over the period 

identified by the last segment of the joinpoint model, in order to estimate the regression 

coefficients. This model is then used to predict mortality for future years, to calculate the 

number of expected age-specific deaths and the corresponding 95% prediction intervals (PIs), 

that is, the confidence intervals for the prediction of each future value. These are calculated 

with a standard error that takes the variability of the new observation into account 7, 8; 

v) Projected ASMRs, with corresponding 95% PIs, are calculated using the number of expected 

age-specific deaths and the projected population data for the period of interest. 
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APPLICATIONS 

In the following subchapters, I will go deeply through three applications of descriptive epidemiology 

on cancer data. To this end, no ethics committee approval was necessary because I only considered 

public data. For all statistical analyses, I used the software R version 4.2.1 (R Development Core 

Team, 2017), SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), SEER*Stat 

(seer.cancer.gov/seerstat) version 8.4.0.1, and joinpoint version 4.9.0.0 

 

Progress in cancer incidence mortality and survival: a global overview 

From the World Health Organization (WHO) database 9, I retrieved official death certification data 

for the following cancer sites: stomach, pancreas, colorectum, lung, breast, uterus, ovary, prostate, 

bladder, leukaemias, plus all cancers combined. The list of corresponding International Classification 

of Diseases codes is available in Appendix Table 1. I derived figures for France, Germany, Italy, the 

United Kingdom (UK), the United States of America (USA), and Japan, over the calendar period 

1990-2016, and the European Union (EU) as a whole (defined as the 28 member states). For European 

countries, I obtained estimates of the resident populations for the corresponding calendar periods, 

based on official censuses, from the same WHO database 9, and for the USA, from the Pan American 

Health Organization database 10. When population data for European countries were missing, we 

obtained them from EUROSTAT 11. Using the matrices of certified deaths and resident populations, 

we computed country- and sex-specific death rates for each 5-year age group (from 0-4 to 85+ years, 

and from 0-4 to 80+ for the USA) and calendar period; we then derived ASMRs at all ages, using the 

world standard population 2. 

To identify significant changes in the linear slope (on a log scale) of death trends for the selected 

countries, I applied joinpoint regression model 3 to the ASMRs, allowing for up to four joinpoints. 

We then estimated the AAPC 12 for the whole period. For all cancers, lung, breast, colorectal, and 

prostate cancers, we also estimated the numbers of averted total cancer deaths over the period 1991-

2016 (2015 for the EU) by comparing observed and expected deaths on the basis of the 1990 age-

specific rates, i.e., the year around which the highest rates occurred in most countries and for most 

cancer sites considered. 

We retrieved incidence data for the same cancers considered in the mortality analysis for Germany 

13, England 14, the USA 15, and Japan 16. From each of the previous countries, we derived age-

standardized incidence rates at all ages, using the world standard population 2. For France and Italy, 
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we extracted national estimates for the available cancer sites from cancer registries data 17, 18. We then 

applied joinpoint regression analysis to the age-standardized incidence rates, and estimated AAPCs 

12. 

Cancer survival data for the European countries and the EU were obtained from the EUROCARE-5 

database 19, which provides survival data for about 22 million records of patients diagnosed up to 

2007 and followed up to December 31, 2008. For the USA, we analysed cancer survival data provided 

by the SEER 9 registries 15. For Japan, we retrieved cancer survival data of patients diagnosed 

between 1993 and 2008 from the Japan Cancer Surveillance 20. We retrieved age-standardized relative 

survival at 5 years after diagnosis by cancer site, sex, and calendar year, along with the corresponding 

95% CI.  

 

RESULTS 

Mortality 

Table 1 gives the ASMRs per 100,000 men and women from the selected cancer sites and all cancers 

in 1990 and 2016 (2015 for the EU), the number of deaths in 2016, and the AAPCs over the whole 

period, in the six selected countries and the EU. Figure 1 shows the corresponding trends in mortality 

rates between 1990 and 2016 for each cancer site and country, for men (a) and women (b). 

Table 1. Age-standardised (world population) death rates from cancer per 100,000 men and women 

for selected countries worldwide, plus the European Union (EU), in 1990 and 2016, number of deaths 

in 2016, and average annual percent changes (AAPC) over 1990-2016. 

 Men  Women 

 1990 2016 
Deaths 

2016a 

AAPC 

(1990-2016) 

 
1990 2016 

Deaths 

2016a 

AAPC 

(1990-2016) 

Stomach          

EU a 15.05 6.28 34,666 -3.5b  6.84 2.91 22,162 -3.3b 

France 8.67 4.16 2880 -2.8b  3.47 1.53 1526 -3.1b 

Germany 14.61 5.29 5370 -3.8b  7.64 2.83 3861 -3.8b 

Italy 17.12 6.73 5458 -3.6b  7.99 3.34 3823 -3.3b 

UK 12.23 3.84 2867 -4.5b  5.05 1.73 1603 -4.1b 

USA 4.99 2.37 6845 -2.9b  2.32 1.32 4588 -2.1b 

Japan 34.13 14.57 29,854 -3.2b  15.01 5.58 15,677 -3.7b 

Colorectum          

EU a 19.88 16.06 93,241 -0.9b  13.42 9.40 77,122 -1.5b 

France 20.97 13.38 10,395 -1.8b  12.39 8.16 9460 -1.7b 



16 

 

 Men  Women 

 1990 2016 
Deaths 

2016a 

AAPC 

(1990-2016) 

 
1990 2016 

Deaths 

2016a 

AAPC 

(1990-2016) 

Germany 22.11 13.58 14,457 -2.0b  16.07 8.18 12,536 -2.7b 

Italy 19.80 14.19 11,998 -1.3b  13.03 8.64 10,270 -1.5b 

UK 21.63 14.64 10,935 -1.6b  14.61 10.15 9618 -1.5b 

USA 17.12 10.19 29,737 -2.0b  11.68 7.29 26,743 -2.0b 

Japan 15.73 15.07 28,465 -0.1  9.91 8.73 24,098 -0.4b 

Pancreas          

EU a 7.60 7.91 42,462 0.2b  4.65 5.53 42,201 0.7b 

France 7.19 7.96 5501 0.4b  3.70 5.53 5593 1.4b 

Germany 8.09 8.94 9008 0.2b  5.01 6.45 9044 0.8b 

Italy 7.53 7.65 5834 0.1b  4.44 5.64 6215 0.7b 

UK 7.31 6.79 4738 -0.2b  5.24 5.02 4548 0.0 

USA 7.40 7.38 21,899 0.0  5.27 5.56 20,858 0.1b 

Japan 8.36 9.11 17,060 0.3b  4.82 5.81 16,415 0.7b 

Lung          

EU a 53.43 34.83 183,943 -1.7b  9.26 14.28 88,502 1.7b 

France 46.46 34.47 22,322 -1.1b  5.07 12.22 9211 3.5b 

Germany 48.39 30.26 29,324 -1.8b  7.86 15.44 16,481 2.6b 

Italy 57.18 30.26 24,059 -2.4b  7.33 10.73 9779 1.5b 

UK 57.26 26.52 19,357 -2.9b  21.02 19.40 16,328 -0.3b 

USA 56.82 26.69 80,815 -2.9b  25.03 18.75 68,130 -1.1b 

Japan 30.26 25.22 52,430 -0.7b  7.88 7.44 21,408 -0.3b 

Breast          

EU a - - - -  20.83 14.54 93,903 -1.5b 

France - - - -  19.63 14.72 12,434 -1.2b 

Germany - - - -  21.87 15.79 18,570 -1.3b 

Italy - - - -  20.62 14.21 12,616 -1.5b 

UK - - - -  28.11 15.08 11,512 -2.5b 

USA - - - -  22.27 12.91 41,488 -2.1b 

Japan - - - -  6.26 9.18 14,015 1.4b 

Uterus          

EU a - - - -  7.23 4.84 29,691 -1.6b 

France - - - -  5.50 4.00 3515 -1.4b 

Germany - - - -  6.64 3.70 4162 -2.3b 

Italy - - - -  5.54 3.81 3130 -1.8b 

UK - - - -  6.67 4.31 3215 -1.7b 

USA - - - -  5.25 4.91 14,921 -0.2b 

Japan - - - -  4.14 4.10 6345 0.0 

Ovary          

EU a - - - -  6.49 4.78 30,213 -1.2b 

France - - - -  5.72 3.89 3473 -1.5b 

Germany - - - -  7.51 4.75 5674 -1.9b 
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 Men  Women 

 1990 2016 
Deaths 

2016a 

AAPC 

(1990-2016) 

 
1990 2016 

Deaths 

2016a 

AAPC 

(1990-2016) 

Italy - - - -  4.86 4.04 3342 -0.7b 

UK - - - -  8.72 5.52 4235 -1.7b 

USA - - - -  6.23 4.39 14,674 -1.4b 

Japan - - - -  3.39 3.10 4900 -0.2 

Prostate          

EU a 14.62 10.71 74,998 -1.3b  - - - - 

France 17.17 8.88 8724 -2.6b  - - - - 

Germany 15.83 11.22 14,417 -1.4b  - - - - 

Italy 11.83 7.08 7540 -2.0b  - - - - 

UK 16.52 12.67 11,645 -1.1b  - - - - 

USA 16.69 8.42 30,370 -2.5b  - - - - 

Japan 3.73 4.50 11,803 0.6  - - - - 

Bladder          

EU a 7.13 4.99 31,938 -1.5b  - - - - 

France 6.80 4.73 4041 -1.3b  - - - - 

Germany 6.74 3.34 4049 -2.8b  - - - - 

Italy 8.84 5.05 4883 -2.4b  - - - - 

UK 7.28 4.17 3631 -2.1b  - - - - 

USA 3.75 3.43 11,941 -0.3b  - - - - 

Japan 2.35 2.45 5792 0.2  - - - - 

Leukaemias          

EU a 5.88 4.39 23,713 -1.2b  3.74 2.63 19,137 -1.5b 

France 6.03 4.23 3281 -1.3b  3.74 2.35 2633 -1.6b 

Germany 5.85 4.26 4542 -1.4b  3.64 2.64 3710 -1.4b 

Italy 6.34 4.32 3422 -1.4b  3.97 2.68 2730 -1.6b 

UK 4.96 3.83 2752 -1.1b  3.17 2.25 1997 -1.4b 

USA 6.26 4.44 13,270 -1.3b  3.82 2.73 9859 -1.3b 

Japan 4.25 3.22 5398 -1.3b  2.78 1.67 3403 -1.9b 

All cancers          

EU a 186.76 137.53 760,123 -1.2b  105.26 85.68 603,984 -0.9b 

France 202.87 133.02 95,440 -1.6b  89.59 76.26 72,811 -0.7b 

Germany 180.45 125.37 128,942 -1.5b  110.34 85.33 109,619 -1.1b 

Italy 193.52 123.60 100,166 -1.7b  99.62 78.14 79,533 -0.9b 

UK 181.71 122.24 90,490 -1.6b  127.38 93.52 79,976 -1.2b 

USA 163.87 107.22 323,488 -1.6b  111.70 82.41 291,133 -1.2b 

Japan 154.69 112.98 226,026 -1.2b  78.79 63.12 158,785 -0.8b 

a For the EU the last available year is 2015. 

b Significantly different from 0 (p < 0.05). 
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Figure 1. Age-standardized mortality rates per 100,000 men and women from the selected cancer sites and 

all cancers over the period 1990-2016. 
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Stomach cancer 

Cancer mortality steadily declined in both sexes across all countries considered. In men, the AAPCs 

between 1990 and 2016 ranged between -2.9% in the USA and -4.5% in the UK. In 1990, Japan had 

the highest rate (34.1/100,000), while the USA had the lowest one (around 5); in 2016, the 

corresponding figures were 14.6/100,000 in Japan and 2.4/100,000 in the USA. In women, the 

AAPCs varied between -2.1% in the USA and -4.1% in the UK. In 1990, rates ranged between 

2.3/100,000 in the USA and 15.0 in Japan; in 2016 too, Japan had the highest death rate (5.6/100,000), 

and the USA had the lowest one (1.3). 

Colorectal cancer 

Mortality rates significantly decreased in all countries and both sexes, except in Japan where the trend 

was stable. In men, the AAPCs ranged between -0.1% in Japan and -2.0% in Germany and the USA. 

In 1990, the highest rates were around 22/100,000 in Germany and the UK and the lowest one in 

Japan (15.7), while in 2016 the highest rate was 16.1 in the EU and the lowest one in the USA (10.2). 

In women, the strongest decreases were in Germany (AAPC -2.7%), followed by the USA (-2.0%), 

and France (-1.7%). In 1990, the highest rate was 16.1/100,000 in Germany, the lowest one was about 

10 in Japan; in 2016, female rates ranged between 7.3/100,000 in the USA and 10.2 in the UK. 

Pancreatic cancer 

In men, mortality rates were rising in France (AAPC +0.4%), Germany (+0.2%), Italy (+0.1%), and 

Japan (+0.3%), they did not change in the USA, while they decreased slightly in the UK (-0.2%). In 

1990, Germany and Japan had the highest rates, over 8/100,000, and France had the lowest one, 7.2. 

In 2016, Japan had the highest rate (9.1/100,000), while the UK had the lowest one (6.8). Female 

mortality was also increasing, by 0.8% in Germany, 1.4% in France, and 0.7% in Italy and Japan. In 

1990, the USA and UK had the highest rates (over 5.2/100,000) while France had the lowest one 

(3.7); in 2016, female rates ranged between 5/100,000 in the UK and 6.5 in Germany. 

Lung cancer 

In men, cancer mortality decreased in all countries, though to a different degree. The AAPCs ranged 

between -0.7% in Japan and -2.9% in the UK and the USA. Rates in 1990 ranged between 

30.3/100,000 in Japan and around 57 in Italy, the UK, and the USA; in 2016, rates ranged between 

25.2/100,000 (Japan) and 34.5 (France). In women, rates increased in France, Germany, and Italy and 

in the EU as a whole (AAPCs ranged between 1.5% and 3.5%) and declined in the UK, the USA, and 

Japan (-0.3% to -1.1%). In 1990, the highest female rate was in the USA (25.0/100,000) and the 
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lowest one in France (5.1); in 2016, the highest rates were in the UK and the USA (around 

19/100,000), while the lowest one was in Japan (7.4). 

Breast cancer 

Cancer mortality decreased in all countries (AAPCs ranged between -1.2% in France and -2.5% in 

the UK), except in Japan (+1.4%), which however registered the lowest rates. In 1990, rates ranged 

between 6.3/100,000 in Japan and 28.1 in the UK; in 2016, rates ranged between 9.2/100,000 in Japan 

and 15.8 in Germany. 

Uterine cancer 

Mortality rates decreased in all the selected countries (AAPCs ranged between -0.2% in the USA and 

-2.3% in Germany). In 1990, death rates were between 4.1/100,000 in Japan and 6.7 in the UK; in 

2016, the USA had the highest recorded rate (4.9/100,000), while Germany had the lowest one (3.7).  

Ovarian cancer 

Mortality levelled or declined in most of the considered countries, with AAPCs ranging from -0.7% 

in Italy to -1.9% in Germany. There was a nonsignificant change in Japan, which however had the 

lowest rates throughout the period. In 1990, death rates varied between 3.4/100,000 in Japan and 8.7 

in the UK; in 2016, rates varied from 3.1/100,000 in Japan to 5.5 in the UK. 

Prostate cancer 

Cancer mortality declined in all countries (AAPCs ranged between-1.1% in the UK and -2.6% in 

France), except in Japan. In 1990, there was an over four-fold difference between the highest rate in 

France (17.2/100,000) and the lowest one in Japan (3.7). Over the considered period, the trends tended 

to converge. In 2016, the UK had the highest death rate (12.7/100,000), while Japan had the lowest 

one (4.5).  

Bladder cancer 

Mortality in men decreased in European countries (AAPCs ranged between -0.3% in the USA and -

2.8% in Germany), but not in Japan where the death rates were almost stable over time. Rates varied 

between 2.4/100,000 in Japan and 8.8 in Italy, in 1990 and between 2.5/100,000 in Japan and 5.1 in 

Italy, in 2016. 
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Leukaemias 

Death rates decreased across all countries and in both sexes. In men, the AAPCs ranged between -

1.1% in the USA and -1.4% in Germany and Italy. In 1990, Italy had the highest male rate 

(6.3/100,000) and Japan had the lowest one (4.3). In 2016, rates ranged from 3.2 in Japan to 

4.4/100,000 in the USA. In women, AAPCs varied between -1.3% in the USA and -1.9% in Japan. 

In 1990, the highest rate was for Italy, 4/100,000 women and the lowest was in Japan, 2.8. In 2016, 

rates ranged from 1.7/100,000 in Japan to 2.6-2.7 in Germany, Italy, and the USA. 

All cancers 

In both sexes and all countries, trends in mortality rates declined between 1990 and 2016. In men, the 

AAPCs ranged between -1.2% in Japan and the EU and -1.7% in Italy. In 1990, death rates varied 

from 155/100,000 in Japan to over 200 in France; in 2016, the highest rate was observed in France 

(133/100,000), while the lowest ones were in the USA (107) and Japan (113). In women, the AAPCs 

ranged between -0.7% in France and -1.1% in Germany. In 1990, rates varied between 79/100,000 in 

Japan and 127 in the UK; in 2016, the UK had the highest rate (about 94/100,000), while Japan had 

the lowest one (63).  

Figure 2 shows the avoided deaths from all cancers combined for men and women in the selected 

countries between 1991 and 2016, assuming the age-specific rates in 1990 as constant. Over the 

period considered, 3,371,200 cancer deaths have been avoided in the EU. Of these 541,500 were in 

France, 1,008,700 in Germany, 612,200 in Italy, and 685,600 in the UK. Estimated avoided deaths 

were 2,173,900 in the USA and 591,100 in Japan.  
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Figure 2. Total avoided deaths from all cancers combined men and women between the top rate 

around 1990 and 2016 (light grey area); the observed number of total cancer deaths from 1990 to 

2016 (or the most recent available year), and the estimated numbers of total cancer deaths by applying 

1990 age-specific peak mortality rate (dark grey).  
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Incidence 

Table 2 gives the age-standardized incidence rates per 100,000 men and women for the selected 

cancer sites and all cancers in 2000 and in the last year available, and the AAPCs over the period in 

the six selected countries. Figure 3 shows the corresponding trends in rates since the 2000 for 

England, France, Germany, Italy, the USA and Japan, in men (a) and women (b).  

 

Table 2. Age-standardised (world population) incidence rates from cancer per 100,000 men and 

women for selected countries worldwide in 2000 and 2016 and average annual percent changes 

(AAPC) over 2000-2016. 

 Men  Women 

 2000 2016 
AAPC 

(2000-2016) 

 
2000 2016 

AAPC 

(2000-2016) 

Stomach        

England a 11.38 5.43 -4.0e  4.39 2.56 -3.0e 

France b 9.65 6.31 -2.3e  3.57 2.65 -1.6e 

Germany 14.63 9.90 -2.4e  7.49 4.88 -2.7e 

Italy c  16.26 11.06 -2.5e  7.91 5.78 -2.1e 

USA 7.03 5.17 -1.7e  3.16 3.22 -0.3 

Japan d 58.83 54.44 -0.6e  22.54 20.17 -1.1e 

Colorectum        

England a 37.88 36.24 -0.2  24.37 26.18 0.5e 

France b 40.71 34.00 -1.0e  24.09 23.94 0.0 

Germany 41.36 44.88 0.6e  25.81 24.53 -0.3e 

Italy c  44.90 36.41 -1.2e  29.80 24.04 -1.3e 

USA 41.16 31.11 -1.9e  29.93 24.72 -1.3e 

Japan d 47.08 48.53 0.2  25.42 29.40 0.7e 

Pancreas        

England a 6.79 7.62 0.9e  5.04 6.08 1.3e 

Germany 8.87 9.55 0.7e  6.38 7.14 0.9e 

USA 8.40 8.76 0.7e  5.81 7.09 1.0e 

Japan d 9.09 11.32 1.8e  5.13 7.00 2.8e 

Lung        

England a 43.85 32.95 -1.5e  22.82 27.56 1.1e 

France b 50.55 50.47 0.0  8.84 23.18 5.5e 

Germany 50.30 38.82 -1.4e  13.74 21.99 3.3e 

Italy c  54.92 36.87 -2.7e  10.58 13.56 1.7e 

USA 51.99 33.97 -2.7e  34.11 27.67 -1.3e 

Japan d 38.43 42.99 0.9e  12.32 17.73 3.2e 

Breast        

England a - - -  82.89 93.41 0.8e 

France b - - -  90.66 99.90 0.5e 

Germany - - -  76.70 82.02 0.3e 

Italy c  - - -  74.29 85.91 1.0e 
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 Men  Women 

 2000 2016 
AAPC 

(2000-2016) 

 
2000 2016 

AAPC 

(2000-2016) 

USA - - -  98.63 93.80 -0.4 

Japan d - - -  36.97 75.97 5.8e 

Uterus        

England a - - -  18.30 21.91 1.3e 

France b - - -  10.70 10.99 0.1d 

Germany - - -  22.57 18.46 -1.2e 

Italy (cervix) c  - - -  4.88 2.62 -4.1e 

USA - - -  24.16 25.83 0.4 

Japan d - - -  13.94 23.09 3.7e 

Ovary        

England a - - -  12.72 11.44 -0.7e 

France b - - -  9.19 7.47 -1.2e 

Germany - - -  11.14 8.03 -2.2e 

USA - - -  10.36 7.23 -1.6e 

Japan d - - -  7.06 9.21 2.0e 

Prostate        

England a 51.10 71.94 1.5e  - - - 

France b 81.78 81.47 -0.3  - - - 

Germany 61.00 60.87 -0.5  - - - 

Italy c  50.92 57.02 0.7e  - - - 

USA 120.87 75.41 -2.9e  - - - 

Japan d 14.91 41.63 7.2e  - - - 

Bladder        

England a 14.79 9.26 -2.9e  - - - 

France b 15.55 14.29 -0.5     

Germany 15.08 11.89 -1.4e  - - - 

USA 22.62 18.57 -1.1e  - - - 

Japan d 8.20 7.86 -0.6  - - - 

Leukaemias        

England a 9.12 10.58 1.4e  5.45 6.84 1.5e 

Germany 9.55 10.27 0.6  6.81 6.82 0.2 

USA 12.30 12.64 0.1  7.73 7.87 0.3e 

Japan d 5.25 6.69 2.7e  3.42 4.44 2.7e 

All cancers        

England a 269.75 284.53 0.3  240.13 273.21 0.8e 

France b 352.02 330.21 -0.4e  233.63 273.98 0.9e 

Germany 310.48 293.27 -0.4e  242.75 252.04 0.2 

USA 380.83 311.62 -1.2e  293.43 288.67 -0.1 

Japan d, f 265.07 338.30 2.2e  174.05 286.97 3.8e 
a For England the last available year is 2017. b For France the last available year is 2018. c For Italy the last available year 

is 2015. d For Japan the last available year is 2013. e Significantly different from 0 (p < 0.05). f Including non-melanoma 

skin cancers.   
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Figure 3. Age-standardized incidence rates per 100,000 men and women from the selected cancer 

sites and all cancers over the period 2000-2016. 
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Stomach cancer 

In men, cancer incidence decreased in all countries considered, with AAPCs from -0.6% in Japan to 

-4.0% in England. The highest rates were in Japan (58.8/100,000 in 2000 and 54.4 in 2013), while 

the lowest ones were in the USA (7.0/100,000 in 2000 and 5.2 in 2016). Similarly, incidence trends 

in women declined over time, with the highest AAPCs in England (-3.0%) and Germany (-2.7%) and 

the lowest in Japan (-1.1%). No significant trend was observed in the USA. Again, Japan had the 

highest rates (22.5/100,000 in 2000 and 20.2 in 2013), while the lowest ones were in England 

(4.4/100,000 in 2000 and 2.6 in 2017) and the USA (3.2/100,000 in both 2000 and 2016).  

Colorectal cancer 

Among men, incidence rates declined over time in France (-1.0%), Italy (-1.2%), and the USA (-

1.9%), while they were stable in England, Germany and Japan. The highest rates were observed in 

Japan (47.1/100,000 in 2000 and 48.5 in 2013), while the lowest ones were in England (37.9/100,000 

in 2000 and 36.2 in 2017) and the USA (41.2/100,000 in 2000 and 31.1 in 2016) and. In women, 

incidence trends decreased in Germany (AAPC -0.3%), Italy (-1.3%), and the USA (-1.3%), while 

they increased in England (+0.5%) and Japan (+0.7%). During the latest available year, female 

incidence rates were around 24/100,000 in France, Germany, Italy, and the USA, 26 in England, and 

29 in Japan. 

Pancreatic cancer 

Incidence trends rose over time in all countries and both sexes. In men, the AAPCs ranged between 

+0.7% in Germany and the USA and +1.8% in Japan. In the latest available year, the highest male 

rate was observed in Japan (11.3/100,000), while the lowest one was in England (7.6). In women, 

similar trends were observed with AAPCs ranging from +0.9% in Germany to +2.8% in Japan. Rates 

were around 6-7/100,000 women in all selected countries during the last available year. 

Lung cancer 

Male incidence moderately declined in all countries considered (AAPCs from -1.4% in Germany to 

-2.7% in Italy and the USA), except in Japan, which showed an increase of 0.9% per year and the 

second highest rate in 2013 (43/100,000), after France in 2018 (50.5). Conversely, female incidence 

trends increased over time in all countries (AAPCs ranged between +1.7% in Italy to +5.5% in 

France), except in the USA. The highest incidence rates over the period were registered in the USA 

(34.1/100,000 in 2000 and 27.7 in 2016), while the lowest ones were in Italy (10.6/100,000 in 2000 

and 13.6 in 2015). 
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Breast cancer 

The cancer incidence trend slightly increased in England (AAPC +0.8%), France (+0.5%), and Italy 

(+1.0%), and strongly in Japan (+5.8%). A stable trend over the whole period emerged in Germany, 

though it showed a decline since 2009, and the USA. In the latest available year, the highest rate was 

observed in France (99.9/100,000) and the lowest one in Japan (about 76). 

Uterine cancer 

The incidence trend declined in Germany by 1.2% per year, it was stable in France and the USA, 

while it increased in Japan by 3.7% and in England (+1.3%). During the last available year, the 

incidence rates ranged from 11/100,000 in France to 25.8 in the USA. 

Ovarian cancer 

Cancer incidence declined by 0.7% per year in England, by 1.2% in France, by 2.2% in Germany, 

and by 1.6% in the USA, but it increased by 2% per year in Japan. England reported the highest 

incidence rate during the last available year (11.4/100,000), while the USA had the lowest one (7.2). 

Prostate cancer 

Upward incidence trends were registered in England (+1.5%) and Japan (AAPC +7.2%). Conversely, 

the incidence decreased over time in the USA (AAPC -2.9%) and remained stable in Germany and 

Italy. France showed a decline since 2005. The highest rates were registered in the USA almost over 

the whole period (120.9/100,000 in 2000 and 75.4 in 2016), while Japan showed the lowest incidence 

rates (14.9/100,000 in 2000 and 41.6 in 2013). 

Bladder cancer 

Incidence decreased across all countries considered (AAPCs ranged between -0.5% in France and -

2.9 in England. The highest rates were observed in the USA (22.6/100,000 in 2000 and 18.6 in 2016), 

the lowest ones in Japan (8.2/100,000 in 2000 and 7.9/100,000 in 2013).  

Leukaemias 

Incidence rates increased in Japan by 2.7% per year in both sexes and by 1.4-1.5% in England. No 

notable changes in trend were registered in the other two countries. The USA had the highest rates 

for both men and women in 2016 (12.6/100,000 and 7.9, respectively), while Japan had the lowest 

ones in both men and women in 2013 (6.7 and 4.4/100,000, respectively).  
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All cancers 

In England male incidence trend was stable, it declined in Germany and France by 0.4% per year and 

in the USA by 1.2%, while Japan registered the greatest increase (AAPC +2.2%). In 2000, the highest 

rate was in the USA (about 380.8/100,000), the lowest one in Japan (265.1); during the last available 

year, the highest rate was registered in Japan (338.3/100,000), while the lowest one in England 

(284.5). Female trends increased by 0.8% in England, by 0.9% in France, and by 3.8% in Japan, while 

were stable in Germany and the USA. In 2000, the USA showed the highest rate of 293.43/100,000 

women, Japan had the lowest one (174.1). During the latest year available, the USA and Japan 

reported the highest rates (287-288/100,000), followed by England and France (273-274), while 

Germany reported the lowest one (252). 

Survival 

Table 3 reports 5-year relative survival and the corresponding 95% confidence intervals for the 

selected cancer sites and all cancers in two periods of diagnosis, based on data availability, for men 

and women in the six selected countries and in the EU.  

Table 3. Five-year relative survival, and corresponding 95% confidence interval (CI), from cancer 

for selected countries worldwide, plus the EU-28, in two periods of diagnosis in men and women. 

 Men  Women 

 
Earliest period 

(95% CI) 

Latest period 

(95% CI) 

 Earliest period 

(95% CI) 

Latest period 

(95% CI) 

Stomach      

EU (95-99/00-07) 22.8 (22.6-23.12) 23.7 (23.4-24.1)  27.1 (26.8-27.5) 27.7 (27.2-28.2) 

England (95-99/00-07) 15.1 (14.8-15.4) 16.4 (15.9-16.9)  18.3 (17.8-18.7) 18.3 (17.5-19.1) 

France (95-99/00-07) 23.4 (22.3-24.7) 24.4 (22.9-26.1)  30.8 (29.1-32.6) 30.1 (27.7-32.8) 

Germany (95-99/00-07) 27.2 (25.1-29.6) 30.5 (29.6-31.5)  28.1 (25.8-30.7) 32.6 (31.5-33.8) 

Italy (95-99/00-07) 29.8 (29.3-30.3) 30.5 (29.7-31.3)  34.6 (34.0-35.2) 35.4 (34.4-36.4) 

USA (97/04) 19.9 (17.2-22.7) 26.4 (23.4-29.4)  25.1 (21.4-28.9) 31.6 (27.5-35.6) 

Japan (93-96/06-08) 62.1 (61.5-62.7) 65.3 (65.0-65.6)  60.4 (59.6-61.2) 63.0 (62.5-63.5) 

Colorectum      

EU (95-99/00-07) 53.2 (53.0-53.4) 55.8 (55.5-56.1)  55.2 (55.0-55.4) 57.7 (57.4-57.9) 

England (95-99/00-07) 49.5 (49.2-49.7) 51.3 (50.9-51.7)  51.9 (51.6-52.2) 53.2 (52.8-53.6) 

France (95-99/00-07) 57.1 (56.4-57.9) 57.8 (56.8-58.7)  58.9 (58.1-59.6) 60.7 (59.7-61.7) 

Germany (95-99/00-07) 56.6 (55.0-58.1) 61.0 (60.3-61.6)  57.9 (56.5-59.4) 62.9 (62.3-63.5) 

Italy (95-99/00-07) 56.3 (55.9-56.7) 59.5 (59.0-60.1)  58.2 (57.8-58.6) 60.5 (60.0-61.1) 

USA (97/04) 61.8 (60.2-63.4) 66.0 (64.4-67.5)  60.9 (59.3-62.5) 65.5 (63.9-67.0) 

Japan (93-96/06-08)- colon 71.3 (70.4-72.2) 73.8 (73.3-74.3)  66.1 (65.1-67.1) 69.3 (68.8-69.8) 
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 Men  Women 

 
Earliest period 

(95% CI) 

Latest period 

(95% CI) 

 Earliest period 

(95% CI) 

Latest period 

(95% CI) 

Japan (93-96/06-08)- rectum 65.0 (63.9-66.1) 69.9 (69.3-70.5)  63.9 (62.5-65.3) 70.3 (69.5-71.1) 

Pancreas      

EU (95-99/00-07) 5.0 (4.8-5.2) 6.3 (6.0-6.6)  6.3 (6.1-6.6) 7.9 (7.5-8.2) 

England (95-99/00-07) 4.1 (3.9-4.3) 4.3 (3.9-4.7)  4.4 (4.1-4.7) 5.1 (4.7-5.6) 

Germany (95-99/00-07) 6.4 (4.8-8.6) 8.4 (7.6-9.2)  6.5 (4.9-8.5) 9.5 (8.6-10.5) 

USA (97/04) 4.7 (3.5-6.2) 5.1 (3.9-6.5)  5.2 (4.0-6.7) 6.0 (4.7-7.6) 

Japan (93-96/06-08) 7.0 (6.1-7.9) 7.9 (7.4-8.4)  5.9 (4.9-6.9) 7.5 (7.0-8.0) 

Lung      

EU (95-99/00-07) 11.3 (11.2-14.0) 12.0 (11.8-12.1)  13.9 (13.7-14.1) 15.9 (15.6-16.2) 

England (95-99/00-07) 8.0 (7.9-8.1) 8.0 (7.8-8.2)  9.1 (8.9-9.2) 9.9 (9.7-10.2) 

France (95-99/00-07) 12.1 (11.7-12.6) 13.1 (12.5-13.7)  16.8 (15.6-18.0) 16.5 (15.2-17.9) 

Germany (95-99/00-07) 13.0 (12.2-14.0) 14.5 (14.1-14.9)  13.8 (12.4-15.4) 18.5 (17.8-19.2) 

Italy (95-99/00-07) 12.0 (11.8-12.3) 13.2 (12.9-13.6)  15.4 (15.0-15.8) 17.3 (16.7-18.0) 

USA (97/04) 13.5 (12.7-14.4) 15.0 (14.1-16.0)  16.6 (15.6- 17.7) 19.0 (17.9-20.1) 

Japan (93-96/06-08) 20.8 (20.2-21.4) 27.0 (26.6-27.4)  27.1 (25.9-28.3) 43.3 (42.6-43.8) 

Breast      

EU (95-99/00-07) - -  79.4 (79.3-79.6) 81.8 (81.6-82.0) 

England (95-99/00-07) - -  77.3 (77.1-77.5) 79.3 (79.1-79.5) 

France (95-99/00-07) - -  83.1 (82.6-83.7) 86.1 (85.5-86.8) 

Germany (95-99/00-07) - -  78.3 (77.2-79.4) 83.6 (83.2-84.0) 

Italy (95-99/00-07) - -  82.7 (82.4-82.9) 85.5 (85.1-85.9) 

USA (97/04) - -  88.4 (87.6-89.1) 90.0 (89.3-90.6) 

Japan (93-96/06-08) - -  84.4 (83.8-85.0) 91.1 (90.9-91.3) 

Ovary      

EU (95-99/00-07) - -  36.5 (36.2-36.8) 37.6 (37.2-38.1) 

England (95-99/00-07) - -  30.2 (29.9-30.6) 30.6 (30.1-31.1) 

France (95-99/00-07) - -  35.2 (33.9-36.6) 40.1 (38.2-42.1) 

Germany (95-99/00-07) - -  36.9 (34.6-39.4) 40.3 (39.3-41.4) 

USA (97/04) - -  44.1 (41.5-46.7) 44.5 (41.8-47.0) 

Japan (93-96/06-08) - -  49.4 (47.3-51.5) 58.0 (57.0-59.0) 

Prostate      

EU (95-99/00-07) 76.4 (76.2-76.6) 83.4 (83.1-83.6)  - - 

England (95-99/00-07) 69.7 (69.4-70.0) 80.3 (80.0-80.6)  - - 

France (95-99/00-07) 78.3 (77.4-79.3) 88.8 (88.1-89.5)  - - 

Germany (95-99/00-07) 81.6 (79.8-83.4) 89.3 (88.7-89.8)  - - 

Italy (95-99/00-07) 79.1 (78.7-79.6) 88.4 (87.9-88.9)  - - 

USA (97/04) 97.4 (96.5-98.1) 99.7 (98.9-99.9)  - - 
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 Men  Women 

 
Earliest period 

(95% CI) 

Latest period 

(95% CI) 

 Earliest period 

(95% CI) 

Latest period 

(95% CI) 

Japan (93-96/06-08) 66.8 (65.4-68.2) 97.5 (97.4-97.6)  - - 

Bladder      

EU (95-99/00-07) 72.8 (72.5-73.1) 69.4 (69.0-67.8)  - - 

England (95-99/00-07) 74.0 (73.7-74.3) 74.2 (73.8-74.6)  - - 

Germany (95-99/00-07) 79.6 (73.7-74.3) 74.0 (73.2-74.9)  - - 

USA (97/04) 79.9 (77.6-82.0) 82.1 (79.9-84.0)  - - 

Japan (93-96/06-08) 80.0 (78.7-81.3) 78.9 (78.2-79.6)  - - 

All cancers      

EU (95-99/00-07) 45.3 (45.2-45.4) 50.3 (50.2-50.4)  55.3 (55.2-55.4) 58.0 (57.9-58.1) 

England (95-99/00-07) 41.2 (41.1-41.3) 46.9 (46.8-47.0)  50.4 (50.3-50.5) 52.7 (52.6-51.8) 

France (95-99/00-07) 45.9 (45.6-46.2) 54.5 (54.1-54.9)  60.3 (60.0-60.6) 63.3 (62.9-63.7) 

Germany (95-99/00-07) 47.6 (47.0-48.2) 56.2 (55.9-56.4)  57.1 (56.6-57.7) 62.1 (61.9-62.4) 

USA (97/04) 63.2 (62.7-63.7) 68.0 (67.5-68.5)  63.5 (63.0-64.0) 66.6 (66.2-67.1) 

Japan (93-96/06-08) 48.9 (48.6-49.2) 59.1 (58.9-59.3)  59.0 (58.7-59.3) 66.0 (65.8-66.2) 

In men, survival rose with time in all the selected countries and for the considered cancer sites, except 

for bladder cancer. Considering stomach cancer, in the latest period, England had the lowest relative 

survival (16.4%), while Japan had the highest one (65.3%). Colorectal cancer had a survival ranging 

between 60 and 70% (except for England, 51.3%). For pancreatic cancer, survival ranged between 

4.3% in England and 8.4% in Germany. For lung cancer, survival values ranged between 8.0% in 

England and 27.0% in Japan. During the latest period, prostate cancer had a survival ranging from 

80.3% in England to 99.7% in the USA. For bladder cancer, survival ranged between around 74% in 

England and Germany and 82.1% in the USA. Five-year relative survival for all cancers combined 

greatly increased with time in all countries. During the latest period, the survival values ranged 

between 46.9% in England and 68.0% in the USA. 

Similarly, female 5-year relative survival improved for all cancers considered and in all countries. 

Survival for stomach cancer in the most recent period ranged from 18.3% in England to 63% in Japan 

(Table 3). Colorectal cancer had a 5 survival of 60–70% in all countries (except England, 53.2%). 

For pancreatic cancer, survival ranged between 5.1% in England and 9.5% in Germany. For lung 

cancer, survival ranged between 9.9% in England and 43% in Japan. Breast cancer survival was 80% 

or more in all countries considered, varying between 79.3% in England and 91.1% in Japan. Survival 

for ovarian cancer increased slightly with time in most countries, with the lowest survival of 30.6% 

in England, and the highest one of 58.0% in Japan. Japan also showed the greatest increase in survival 
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across the two periods considered (from 49.4% to 58.0%). Five-year relative survival for all cancers 

combined rose in all countries, ranging from 52.7% in England to 66.6% in the USA. 

 

DISCUSSION 

The present overview of the burden of cancer in major high-income countries worldwide indicates 

and further quantifies that mortality from all cancers and most common cancer sites has declined over 

the last 25 years, except for pancreas and lung (in women). This translates to over 3,370,000 averted 

deaths in the EU, 2,170,000 in the USA, and about 600,000 in Japan. For incidence, the patterns are 

less consistent across countries, except for a steady decrease in stomach cancer in both sexes and lung 

cancer in men. Survival for all cancers and the selected cancer sites increased in most countries, 

although there is still substantial variability. 

About a quarter of the overall declines in male cancer mortality is due to lung cancer alone. In 

addition, about 10% or more is due to other tobacco-related cancers. The declines in the prevalence 

of smoking across subsequent cohorts of men explain between 35 and 45% of the falls in cancer 

mortality 21. Some decrease in lung cancer mortality was observed in US women, while female lung 

cancer mortality was upward in all other countries. As for men, this reflects the patterns in smoking 

prevalence across subsequent generations of women. A greater fall in mortality than the incidence of 

lung cancer was observed in most countries. The reductions in lung cancer mortality may be due to 

improvements in the diagnosis of early lesions and partly attributable to improvements in the 

management and treatment of the disease 22-24. Survival showed little improvement in all countries 

except Japan, where lung cancer survival and its improvements were much higher. This may reflect 

different genetic predispositions or biological characteristics of Japanese individuals, but mainly 

greater attention to this disease, with organized community-based screening as well as periodical 

worksite health check-ups, and better surgical and radiotherapy treatment 16, 25, 26. 

The favourable mortality and incidence trends for stomach cancer in men and women from all 

countries are attributable to increasing control of Helicobacter pylori infection, to favourable changes 

in modifiable risk factors, such as a more affluent and healthy diet, better food conservation, improved 

food handling, as well as to the reduced prevalence of tobacco use in men 27-30. The substantial 

difference in Japanese rates is due to the historical exceedingly high rates in Japan, and indicates the 

need for further intervention on modifiable risk factors, besides the value of early diagnosis on 

survival 31. 
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Improvements in colorectal cancer management, with the increasing use of colorectal screening and 

the removal of precancerous adenomas, have favourably influenced the incidence and mortality for 

this neoplasm 23, 32, 33. Different patterns in modifiable risk factors, such as those related to nutrition, 

diet, and smoking, and different access to treatments, could explain the variability across countries. 

In contrast to other major cancers, incidence and mortality from pancreatic cancer are still on the rise, 

particularly among women, and 5-year relative survival remains very low. Pancreatic cancer is 

usually asymptomatic in the early stages, and without the use of invasive procedures, screening is 

unable to achieve an effective early diagnosis 34, 35. The reasons for the unfavourable trends in 

pancreatic cancer rates remain, however, largely undefined, although the increase in the prevalence 

of overweight and obesity, and consequently of type II diabetes, may have played a role 36, 37.  

The decline in breast cancer mortality, although incidence showed slight increases, is due to 

improvements in early diagnosis, through organized mammographic screening, but mainly to better 

management and treatment of the disease 23, 38, 39. Only Japan did not show a favourable trend in breast 

cancer mortality and incidence, but rates remained lower than those observed in other areas. Breast 

size, favourable prenatal growth, and other hormonal factors may partly explain these comparatively 

low rates 40-42.  

With reference to uterine cancer, mortality declined in most countries, except Japan which had, 

however, the lowest rates throughout the period. Such declines are largely attributable to the 

widespread use of Pap smear test for screening and early diagnosis 43, 44. This may have influenced 

the declines in incidence rates, too. 

The favourable trends in ovarian cancer incidence and mortality across all countries considered have 

been largely attributed to the widespread use of oral contraceptives and the decreased use of hormone 

replacement therapy use in post-menopause 45-47. Survival estimates showed small improvements. 

Again, Japan had the lowest mortality and incidence rates, and, compared to other countries, showed 

the greatest increases in survival.  

Improved early detection and better treatment and management for prostate cancer likely explain the 

declines in mortality from this neoplasm, though no consistent reductions were found in incidence. 

This led the 5-year relative survival for this neoplasm to be the highest among the considered cancer 

sites in all considered countries 23, 48.  
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Similarly to other tobacco-related cancers, trends were favourable for male bladder cancer also, with 

an associated high 5-year relative survival. This reflects the decline in smoking prevalence in men 

and the lower exposure to occupational carcinogens over the last few decades 21, 49. 

Although incidence for leukaemias showed rising trends in all countries and for both sexes, mortality 

registered favourable patterns. This is mainly explained by therapeutic advancements, including 

better diagnosis, adoption of modern protocols for chemotherapy and immunotherapy assisted by 

toxicity-limiting therapies, and improved radiotherapy 50, 51. 

In conclusion, our analysis confirms that cancer mortality is decreasing globally, with declines for 

the most common cancers, except pancreatic cancer in both sexes and lung cancer in women. 

Mortality and incidence rates for lung, colorectal, breast, prostate, and bladder cancers are related to 

favourable changes in risk factor exposures. This study underlines the increasing need for tobacco 

control to reduce female lung cancers worldwide. Disparities in mortality, incidence, and survival 

among countries persist, likely due to variable cancer determinants, diagnosis, and management. 

Among these, smoking cessation in both sexes, interventional on other major recognize cancer risk 

factors, advancement in early diagnosis and organized screening, and access to innovative treatments 

will further improve cancer incidence, mortality, and survival globally. 
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Cancer mortality in Italian populations: differences between Italy and the USA 

 

Among specific immigrant populations, cancer mortality rates tend to deviate from those in the 

countries of origin and approach rates of the majority population in the host country at different times, 

sometimes taking generations. Aside from changes in lifestyle habits, diets, and risk factor exposures, 

this transition/trajectory may be influenced by host country healthcare-related dependent factors such 

as access to cancer care and screening, timely diagnosis, and adequate treatment 52, 53. 

Previous studies have examined the differences and similarities in cancer patterns between either Italy 

and the US or between Italy-born Americans and non-Italian US Whites using group data from the 

1970s and 1980s 54-56. However, an analysis between Italian populations only, directly comparing the 

diaspora (Italy-born Americans) -using individual-level data rather than areas with a high density of 

Italians - and those in the country of origin, Italy, has never been carried out. The rationale for the 

current study is that there is genetic similarity between these two populations but differences in 

lifestyle habits as well remarkable differences in health care systems (a universal health system in 

Italy, while one linked to employment and social programs in the US) also impact cancer patterns. 

In this study, we assess site-specific differences in cancer mortality between two Italian ancestry 

populations (Italy-born Americans and Italians in Italy), using individual-level mortality data 

available from Italy and four American states: California, Florida, New York, and Massachusetts, 

which combined represent over 25% of the US population. The population of Italy-born Americans 

(approximately 440,000) predominantly consists of elderly individuals in age groups for which cancer 

is a common cause of death, reflecting the Italian migration to the US up until the late 1960s. 

 

Data Source 

Italy-born Americans 

Individual-level mortality data by sex and age for all cancers combined and for 20 select cancer sites 

for Italy-born Americans were obtained from the California, Florida, Massachusetts, and New York 

Departments of Vital Statistics from 2008-2018. These states were common destinations for the 

Italian diaspora in the US during the twentieth century. State mortality datasets have close to 99% 

completeness in terms of country of birth for all deceased subjects 57. The combined population totals 

(rate denominators) stratified by five-year age group and sex for the same years were obtained based 
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on the “non-Hispanic White Race” and “country of birth Italy” categories from the single-year 

American Community Survey data for the four states combined and pooled for years 2008-2018 58. 

 

Italians 

For the same period of time, we retrieved corresponding official death certificate data and resident 

population estimates for Italians in Italy (hereafter referred to as Italians), from the WHO database 

59. 

 

Cancers of interest 

We focused our work on the following 20 cancer sites: stomach, pancreas, colorectum, lung, breast, 

uterus, ovary, prostate, bladder, leukaemias, plus all cancers combined. See Supplementary Table 

1 for the list of ICD codes used. 

 

RESULTS 

Table 1 shows the age-standardized (EU standard population) death rates by sex for the Italy-born 

American (2008-2018) and the Italian populations (2008-2016). The all-combined cancer death rate 

in Italy-born Americans was 260.3/100,000 and 154.6/100,000 for men and women, respectively, 

while for Italians it was 345.7/100,000 for men and 192.4/100,000 for women.  

Table 1. Age-adjusted (European standard population) mortality rates per 100,000 for various cancers 

for all ages and both sexes, 2008-2018. 

 Men  Women 

 Italy-born 

Americans 
Italiansa  

Italy-born 

Americans 
Italiansa 

 ASMR Deathsa ASMR Deaths  ASMR Deathsa ASMR Deaths 

Oral cavity and 

pharynx 
2.89 63 7.03 17,819  1.69 43 2.31 7912 

Esophagus 4.05 91 4.91 12,336  1.00 33 1.18 4126 

Stomach 10.24 253 20.86 51,431  4.61 124 10.36 36,903 

Colorectal 23.43 554 42.28 103,324  17.26 468 25.14 90,004 

Primary liver 

cancer 
14.06 328 22.93 57,465  6.32 183 8.61 30,416 

Gallbladder 1.25 31 1.29 3165  1.40 38 1.92 6631 

Pancreas 16.96 395 18.95 47,431  13.82 410 14.49 50,402 

Lung 73.26 1756 89.52 223,537  23.23 611 23.74 78,739 
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Skin melanoma 3.40 74 3.89 9864  1.66 34 2.09 6902 

Breast ‡ ‡ ‡ ‡  25.66 593 32.73 109,576 

Cervix ‡ ‡ ‡ ‡  1.23 23 1.23 3877 

Corpus ‡ ‡ ‡ ‡  5.20 134 6.72 22,481 

Ovary ‡ ‡ ‡ ‡  8.54 208 9.11 29,685 

Prostate 24.22 586 28.58 66,389  ‡ ‡ ‡ ‡ 

Bladder 14.93 382 16.85 40,181  2.42 89 2.96 11,019 

Kidney  7.55 125 10.14 25,082  1.89 56 3.64 12,766 

Brain and CNS 7.47 156 7.57 19,571  5.40 107 5.01 15,857 

Non-Hodgkin's 

lymphomas 
9.98 244 9.07 22,527  6.12 190 5.60 19,507 

Multiple 

myeloma 
4.96 124 5.86 14,421  3.80 107 4.03 14,138 

Leukemia 12.79 310 12.28 30,141  7.73 180 6.93 24,144 

All malignant 

cancers 
260.33 6168 345.69 851,923  154.55 4101 192.39 661,937 

Abbreviations: ASMR, Age standardized mortality rate; CNS, Central Nervous System. 
a 2008-2016 for Italy (WHO data). 

‡ Not reported; rate calculated from observations fewer than 10. 

 

Among Italy-born American males, the ranking top causes of cancer death in decreasing order were 

lung, prostate, colorectal, pancreas, and bladder. For Italian males, it was lung, colorectal, prostate, 

liver, and stomach. Italian males showed higher cancer mortality rates compared to Italy-born 

Americans for all sites except non-Hodgkin’s lymphoma and leukemia. Among Italy-born American 

females, the top causes of cancer death were breast, lung, colorectal, pancreas, and ovary. For Italian 

women, the rank order was breast, colorectal, lung, pancreas, and stomach. Despite the different rank 

order, second and third among Italy-born Americans and Italians, respectively, mortality rates for 

lung cancer in the groups of interest are quite similar: 23.2 in Italy-born American females and 23.7 

per 100,000 in Italians. 

Table 2 reports the SMRs of select cancer sites for Italy-born Americans compared to the general 

population of Italy. Among Italy-born Americans, the SMR for all cancer deaths was 0.75 (95% CI 

0.73-0.77) in men and 0.78 (95% CI 0.76-0.80) in women. For most cancers, the SMRs were below 

1 and were particularly low for neoplasms of the digestive tract: 0.42 in men and 0.69 in women for 

oral and pharyngeal cancer; 0.51 for men and 0.40 for women for the stomach; 0.54 for men and 0.61 

for women for colorectal; 0.62 for men and 0.72 for women for liver cancer. Among Italy-born 

American males, lower mortality was observed for kidney (SMR: 0.52, 95% CI 0.43-0.62), prostate 

(SMR: 0.78, 95%CI 0.72-0.84), lung (SMR: 0.83, 95% CI 0.79-0.87), and bladder cancer (SMR: 

0.89, 95% CI 0.80-0.98). Among females, the SMRs were lower than 1 for kidney (SMR: 0.53, 95% 

CI 0.40-0.68), skin melanoma (SMR: 0.70, 95% CI 0.49-0.96), breast (SMR: 0.73, 95% CI 0.67-0.79) 

and corpus uteri (SMR: 0.78, 95% CI 0.65-0.91). Non-Hodgkin’s lymphoma (NHL) was the only 
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neoplasm with a SMR significantly above one for both sexes (SMR: 1.16, 95% CI 1.02-1.31 males 

and 1.21, 95% CI 1.04-1.39 females).  

Table 2. Standardized mortality ratios for select cancers in Italy-born Americans versus Italians for 

both sexes, 2008-2018. 

 Males  Females 

 Italy-born Americans  Italy-born Americans 

 SMR 95% CI  SMR 95% CI 

Oral cavity and pharynx 0.42 0.32-0.53  0.69 0.50-0.91 

Esophagus 0.83 0.67-1.01  0.98 0.67-1.34 

Stomach 0.51 0.45-0.57  0.40 0.33-0.48 

Colorectal 0.54 0.50-0.59  0.61 0.56-0.67 

Primary liver cancer 0.62 0.55-0.69  0.72 0.62-0.83 

Gallbladder 0.99 0.67-1.36  0.70 0.50-0.94 

Pancreas 0.90 0.82-1.00  0.99 0.90-1.09 

Lung 0.83 0.79-0.87  1.02 0.94-1.10 

Skin melanoma 0.90 0.70-1.11  0.70 0.49-0.96 

Breast ‡ ‡  0.73 0.67-0.79 

Cervix ‡ ‡  0.99 0.62-1.43 

Corpus ‡ ‡  0.78 0.65-0.91 

Ovary ‡ ‡  0.97 0.84-1.10 

Prostate 0.78 0.72-0.84  ‡ ‡ 

Bladder 0.89 0.80-0.98  0.90 0.72-1.10 

Kidney and other urinary sites 0.52 0.43-0.62  0.53 0.40-0.68 

Brain and CNS 1.05 0.89-1.22  1.00 0.82-1.20 

Non-Hodgkin's lymphomas 1.16 1.02-1.31  1.21 1.04-1.39 

Multiple myeloma 0.87 0.72-1.03  0.91 0.75-1.09 

Leukemia 1.08 0.96-1.20  0.93 0.80-1.07 

All malignant cancers 0.75 0.73-0.77  0.78 0.76-0.80 
Abbreviations: SMR, Standardized mortality ratio; CI, Confidence Interval; CNS, Central Nervous System. 

 

When we stratified mortality data in people younger than 75 and people aged 75 or older we did not 

find differences in the SMRs, except for cancers of the stomach, lung, brain and CNS, and NHL 

whose SMRs were lower among men younger than 75 (data not shown). Among females, the SMR 

for all cancers combined was 0.80 (95% CI 0.76-0.84) for those below 75 years of age and 0.77 (95% 

CI 0.74-0.80) for women ages 75 years old or more. No significant differences in SMRs were 

observed between age-groups for women.  

 

DISCUSSION 

Mortality rates for all cancers combined and for most major sites were lower in Italy-born Americans 

compared to Italians. Overall, cancer mortality of the digestive tract (oral, stomach, colorectal, liver), 

tobacco-related cancers (lung and bladder) among males, as well as kidney and breast cancer were 
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lower in Italy-born Americans compared to Italians. NHL was the only cancer for which Italy-born 

Americans showed higher mortality rates than Italians for both sexes. 

In the two countries, mortality patterns for tobacco-related cancers, particularly lung cancer, follow 

the smoking prevalence patterns observed across generations. In US males, the smoking prevalence 

has been decreasing since 1964 60, much earlier than in Italy, with subsequent declines in lung cancer 

death rates after three decades (i.e., around the early 1990s) 61, 62. In the US, women started smoking 

earlier and at higher rates than in Europe; however, smoking prevalence has stabilized and even 

declined slightly in recent years, also earlier than in Europe 21. Therefore, female lung cancer trends 

started to decline around the 2000s in the US, while in most European countries the female lung 

cancer epidemic is still developing 61-63. In 2020, lung cancer rates in Italy approach 13/100,000 

(world standard), having never reached the highest rates of about 26/100,000 observed among US 

females during the early 1990s 64. These differences in time and magnitude of smoking prevalence 

trends by sex explain the significant differences found here for tobacco-related cancers such as lung 

and bladder cancer in men (with higher rates in Italy), and the lack of difference between women of 

Italian ancestry in the US and Italy. 

Italy-born Americans had particularly low rates for other tobacco-related cancers, such as kidney and 

oral cancer in comparison to Italians. For kidney cancer, obesity and hypertension are important risk 

factors aside from smoking 65. The prevalence of obesity in Italy is lower than that in the US 66, 67. 

However, the most recent data available for 2014 has shown that 55% of adults suffer from 

hypertension in comparison to 42% of adults in the US for that year 68, 69, and management of 

hypertension may be less effective in Italy. Along with the observed differences in smoking patterns 

amongst countries, this could partly account for the findings in our study. For oral cancer, it is known 

that tobacco and alcohol use increases the risk of developing this malignancy. Our findings parallel 

the smoking patterns observed in both countries, and they are in contrast to the greater alcohol per 

capita consumption and prevalence of heavy episodic drinking in the US compared to Italy 70. 

However, specific data for alcohol consumption among Italy-born Americans is non-existent. 

Colorectal cancer is the second or third most common cause of cancer deaths among Italy-born 

Americans and Italians of both sexes. Widespread screening for colorectal cancer started earlier in 

the US 71, reaching the participation of about 40% of the target population in 2012 72. Meanwhile, in 

Italy, organized screening was introduced in select regions around 2005 and less than 30% of the 

target population participated in 2014 73. This can partly explain the lower mortality among Italy-

born Americans. Moreover, there has been notable progress in the management and treatment of 
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colorectal cancer in the US 72, 73 while variations in access to effective treatment between the US and 

Italy can explain some of these differences.  

Breast cancer is the second major cause of cancer death among US women after lung cancer 74. 

However, it is the leading cause of cancer deaths in both Italy-born American and Italian women. 

Over the last three decades, rates for this cancer site have declined by about 40% in the US and 30% 

in Italy 75, 76. This decline has been mainly driven by improvements in treatments as well as uptake 

of mammographic screening over the past several decades 62, 73, which has been earlier on and more 

widespread in the US and consequently among Italy-born Americans 72, 77. As is the case for colorectal 

cancer, data suggest that breast cancer screening prevalence is higher in the US, approaching nearly 

73%, compared to 39% of women in Italy who participate in organized breast cancer screening 

programs 78, 79.  

Italy-born Americans also had lower mortality compared to Italians for some infection-related cancers 

such as stomach and liver. Helicobacter pylori (H. pylori) is the key risk factor for gastric cancer. 

Differences in gastric mortality between Italy-born Americans and Italians are attributable to the 

variations in the prevalence of infection. Indeed, H. pylori prevalence in the US general population 

is around 30% 80, while in Italy it is much higher, around 56% 81, particularly among the elderly 82. 

For liver cancer, the high rates in Italians are attributable to a higher prevalence of chronic infection 

with hepatitis B (HBV) and C (HCV) viruses 83 and possibly higher regular alcohol consumption in 

Italy 84, 85. Overall, HCV and HBV prevalence are 5.9% and 0.7% in Italy, which are higher when 

compared to the US population corresponding estimates of 1.0 % and 0.3% 86-88. In the US, the 

mortality and incidence for liver cancer and hepatocellular carcinoma (HCC), specifically, is 

predominantly HCV-related 89 while in Western European countries, a high proportion of liver cancer 

cases are related to alcohol and/or metabolic conditions 90-92. There were no significant differences in 

mortality for cervical cancer amongst Italy-born American and Italian women. This parallels the 

similar prevalence of human papillomavirus (HPV) among women in the general population in Italy 

and the US, with 4.1% and 3.3%, respectively 93, 94. Unlike in the US, in Italy, there is no organized 

screening program for cervical cancer, since a large portion of young and middle-aged women 

undergo voluntary screening. However, despite our findings, compared to the US, the proportion of 

women who participate in cervical cancer screening in Italy, remains low 78, 79.  

Over the last two decades, favorable mortality rates for prostate cancer are attributed to improvements 

in treatments (surgery, radiotherapy, as well as the use of newer androgen deprivation therapies) and 

more widespread use of prostate-specific antigen (PSA) testing, particularly in the US. The 
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combination of wider use of PSA testing and more aggressive treatment in the US may well justify 

this advantage for Italy-born Americans in comparison to Italians. Substantial advantages in mortality 

rates for prostate cancer among US immigrant populations in comparison to their countries of origin 

are also found for other nationalities in the USA 95. 

Strengths of this study include its population-based design and the granular nature of its data, namely 

the availability of individual-level death data for Italy-born Americans and the availability of specific 

denominators for Italy-born populations in the USA through the American Community Survey. 

Mortality certification in both the USA and Italy is valid for most cancers, and changes in 

classification, coding, and registration are unlikely to affect our results. Moreover, death certificate 

criteria did not change over time and are similar between the USA and Italy. Therefore, the observed 

differences in cancer mortality between Italy-born Americans and Italians are unlikely to be affected 

by major bias. However, our study is not without limitations. This includes the lack of specific data 

on socio-economic status and risk factors, particularly for the Italy-born American population; the 

only data available is for the non-Hispanic White USA population. The healthy immigrant effect 

could account for a baseline inherent difference between the two populations, with an advantage for 

those who emigrate (i.e., Italy-born Americans). However, when considering cancer, a chronic 

disease for which the latency periods between risk factor exposures and actual diagnosis may take 

decades, this healthy immigrant advantage in relation to those in the country of origin has not been 

observed on a population basis 95.  

As a whole, the overall lower mortality rates in Italy-born Americans can be attributed to lower levels 

of smoking prevalence earlier on (especially among males), earlier and greater adoption of modern 

effective treatments, and a higher screening coverage for selected neoplasms 72, 73. This line of 

reasoning can be applied to several cancer sites 76 including tobacco-related cancers such as lung and 

bladder as well as screening-related cancers like breast, colorectal, and prostate. It is of interest that 

despite the worldwide accepted beneficial effects of the Mediterranean diet (albeit more so for heart 

disease), possibly more prevalent in Italy as a Mediterranean country, this “advantage” is not reflected 

in the cancer mortality rates shown here for digestive cancers as a whole. Italians showed higher rates 

for most digestive cancers in comparison to Italy-born Americans, a group that could have possibly 

adopted different dietary preferences over time given the assimilation to a new environment. Having 

said that, mortality rates capture both incidence and survival, and referred factors such as accessibility 

to treatment and screening may impact the current rates by means of improved survival; therefore, 

more detailed studies are necessary. In agreement with this, survival statistics for recent calendar 
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periods show that the five-year relative survival for major cancer sites, except for stomach cancer, is 

higher in the USA than in Italy 63.  

In conclusion, despite the absence of a national health service in the US, cancer mortality was lower 

for Italy-born Americans than Italians. Our mortality data suggests that, based on the comparison of 

patterns in populations of Italian descent, on a population basis, cancer prevention, screening, and 

management seem more effective in the USA as compared to Italy. More detailed studies focusing 

on comparisons of population-based indicators in more homogenous populations, in terms of 

ancestry, socio-economic status, and race-ethnicity are essential in order to more clearly ascertain the 

end results of different health systems.  

 

Following the same structure of this article, I conducted the analyses for an article that compares 

cancer mortality between Germans and Germany-born Americans. We are now finalizing the article 

for submitting it.   
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Mortality trends from urologic cancers in Europe over 1980-2017 and a projection to 2025 

 

Working on this project, I had the opportunity to learn how to project temporal trends of a specific 

cause of death. Under the supervision of my tutor, we analyzed temporal trends from prostate, testis, 

bladder, and kidney cancers 96. Using the join point program, we also predict mortality rates for the 

calendar year 2025. 

 

Over the last two decades, urologic cancers, including prostate, testis, and bladder showed declines 

in mortality in most of Europe, with some exceptions in eastern and central European countries 61, 97. 

Trends were more difficult to interpret for kidney cancer. Therapeutic advances for testicular and also 

prostate cancer, reductions in exposure to tobacco smoking, and occupational carcinogens for bladder 

cancer mostly contributed to the observed favorable patterns. 

We updated figures for mortality trends in Europe using the WHO database over the period 1980-

2017. We carried out a time-trend analysis for 36 European countries using the official WHO 

database. 

We extracted the number of deaths and population data and calculated ASMRs for each cancer 

considered, sex, country, and the EU (27), at all ages and at age 35-64 for prostate, bladder, and 

kidney, and 20-44 for testis, over the 1980-2017 period. For selected major countries, we carried out 

a joinpoint regression analysis to identify significant changes in trends. We also predicted the number 

of deaths and rates for 2025, using a logarithmic Poisson count data joinpoint regression model. 

 

RESULTS 

Prostate cancer mortality in the EU decreased over recent years, reaching a rate of 10.3/100,000 in 

2015 and a projected rate of 8.9 in 2025. Less favourable trends were observed in eastern Europe, 

though starting from relatively low rates. Testicular cancer mortality declined over time in most 

countries, however levelling off in northern and western countries, after reaching very low rates. EU 

testicular cancer mortality rate in 2015 was 0.31/100,000 at all ages and 0.56 at 20-44. Bladder cancer 

mortality trends were less favourable in central and eastern countries compared to northern and 

western ones. The EU rates in 2015 were 5.1/100,000 men and 1.1 women. Kidney cancer mortality 

showed less favourable trends, with a slight increase in men and stable rates in women over the last 

decade in the EU. 

Figure 1. Age-standardized mortality (world population) mortality rates per 100,000 and the 

corresponding 95% confidence intervals (CI) in the 36 European countries and the EU (27), in 2015-
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2017 (according to data availability), for cancers of prostate and testis (panel A), bladder (panel B), 

and kidney and other urinary organs (panel C). 
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Figure 2. Joinpoint analysis for mortality from the urologic cancers sites in 24 selected major 

European countries during the period 1980–2017, and the predicted rates for France, Germany, Italy, 

Poland, the Russian Federation, the UK and the EU (27) for the year 2025. 
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DISCUSSION 

In the EU (27), mortality rates from prostate and male bladder cancer continued to decline while those 

from testicular, female bladder, and kidney cancers were less consistent. There are appreciable 

differences among European countries, with less favourable trends generally taking place in some 

eastern countries. 

In most countries considered, the decline in prostate cancer mortality rates is consistent over time 61, 

98. These favourable trends reflect the adoption of prostate-specific antigen (PSA) and advances in 

prostate cancer therapy and management 48, 99. A decline in incidence trends and a levelling of 

mortality ones were observed in the US 100, 101, where there was a major decline in the introduction 

of PSA, following the US Preventive Services Task Force upgraded recommendations in 2018 101, 102. 

A recent study conducted in US on prostate incidence trends for different stages, found an increase 

of more advanced stages than local ones, according to the lower usage of PSA-based screening 103. 

Appreciable decreases in mortality are evident in most western European countries, while countries 

from eastern Europe still show unfavourable trends, though starting from relatively low rates. 

Moreover, there are unexplained differences in rates among the high-income countries considered. 

Northern countries have rates twofold higher than Italy or other Mediterranean countries, which 

reported the lowest rates. This geographical variability in trend over time remains largely unexplained 

but may be in part due to a delayed and still limited access to modern effective treatments in selected 

central and eastern European countries 61, 104-106. 

Testicular cancer is a relatively common neoplasm among young men at age 20-44. However, this 

neoplasm is highly curable and, though the incidence has been increasing 107, mortality continues to 

decline in most of Europe since the introduction of effective treatments in the 1970s. However, there 

was a recent tendency to level off in northern and western countries, as in North America and Japan 

108, after reaching very low rates (less than 0.25/100,000). This pattern lagged in eastern European 

countries, likely due to inadequate availability and adoption of effective treatments 109. The relative 
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5-year survival estimated in eastern European countries was estimated ten points lower than that in 

the other areas (82% vs 90-93% in 2005-2007) 110. These persistent geographical disparities reinforce 

the need to ensure equity in testicular cancer care across Europe 111. 

Incidence and mortality trends from bladder cancer have been declining in men in most European 

countries, although small increases were observed in selected southern and eastern European 

countries, as well as in the Baltic ones 49, 63, while there were some increasing trends among women. 

The favourable trends in mortality from this neoplasm are due to improvements in treatment 101, 112, 

such as endoscopic resection, adjuvant instillation chemotherapy, and intravesical immunotherapy 

113. Tobacco smoking and past occupational exposure to carcinogens remain the major determinants 

of bladder cancer 101, 114. Thus, differences in mortality between sexes and countries analysed could 

be explained by the past and current prevalence of those two risk factors 115.  

Some declines in mortality from kidney cancer started in the 1990s in most northern and western 

European countries, but it has been slowing down during the last decade, with an increase by about 

7% in the EU rates in men over the last decade. However, substantial geographical differences remain, 

with the most favourable trends observed in selected Nordic countries, while the unfavourable ones 

are in eastern countries. Patterns in kidney cancer mortality can be linked to tobacco smoking and 

obesity 116-118. Although the reduction of the prevalence of tobacco smoking can at least partly explain 

the long-term decreases in mortality in men since the 1990s, it remains among the most contributors 

accounting for about one-third of the male kidney cancer deaths 119. In eastern European countries, 

the increasing mortality can be a consequence of the increasing prevalence of smokers in successive 

birth cohorts 117, 120. Obesity can partly explain unfavourable patterns, particularly in women 118, 119. 

Other risk factors, such as hypertension 121, occupational exposures 122, and selected dietary factors 

123, may also have a role in mortality from kidney cancer, but their impact remains unquantified 124. 

Mortality from prostate, testis, and bladder but not kidney declined in most European countries, but 

with less favourable trends in most eastern countries. 
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After we finalized the publications, I had the opportunity to write a chapter titled Epidemiologia del 

tumore alla prostata nello scenario europeo 125 as a part of the book “Tumore alla prostata. Stato 

dell'arte e nuove prospettive” (Libro bianco 2022 - Fondazione Onda). I wrote a global epidemiology 

overview of prostate cancer, describing the incidence, mortality, and survival nowadays and over 

time in Europe. Moreover, I discussed artifacts, risk factors, and advances in diagnosis, treatments, 

and management of prostate cancer. 

 

OTHER PROJECTS RELATED TO MORTALITY TRENDS 

Oral and pharyngeal cancer incidence and mortality 126 

Main points 

Changes in tobacco and alcohol exposure in men over the last decades likely explain the favourable 

trends in oral and pharyngeal cancer mortality and incidence observed in selected countries 

worldwide, while increased HPV infection is likely responsible for the rise in oropharyngeal cancer 

incidence. 

 

Childhood cancer mortality trends in the Americas and Australasia: An update to 2017 127 

Main points 

Advances in childhood cancer management have substantially improved the burden of these 

neoplasms over the past 40 years, particularly in high-income countries. Our study aimed to monitor 

recent trends in America and Australasia, using mortality data from the World Health Organization. 

Trends in childhood cancer mortality continued to decline in high-income countries, by around 2-3% 

per year in Japan, Korea, and Australia, and 1-2% in North America. Only a few Latin American 

countries showed favourable trends, including Argentina, Chile, and Mexico, whereas other countries 

with limited resources still lag behind. 

 

Colorectal Cancer Mortality in Young Adults Is Rising in the United States, Canada, United 

Kingdom, and Australia but Not in Europe and Asia 128 

Main points 

the rising trends in young adult colorectal cancer are confirmed by mortality data in the USA, Canada, 

Australia, and the UK, but not in other selected countries. Due to their cohort nature, a smaller 
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increase in overweight and obesity and declining alcohol drinking in some European countries may, 

at least in part explain the observed trends.  

 

Trends in cancer mortality in the Republic of South Africa, the Republic of Mauritius and Réunion 

Main points 

We analysed cancer mortality figures in the Republic of South Africa, the Republic of Mauritius, and 

Réunion over the last two decades. Control of tobacco smoking and perhaps indoor pollution in man 

is likely a driver of the moderately favourable trends in lung and total cancer mortality observed over 

the last decades. Mortality rates from breast, prostate, colorectum, and (cervix) uteri are relatively 

high on a global scale, despite undefined validity of cancer death certification. Screening and HPV 

vaccination are priorities to control cervical cancer. 
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Persisting cancer mortality gap between western and eastern Europe 129 

Main points 

Over the last three decades, cancer mortality has shown favourable patterns in Europe. Patterns and 

trends however have been less favourable for most eastern countries. Differences in lifestyle patterns, 

mainly smoking and alcohol, besides different roll-out of improvements in cancer diagnosis and 

management are the key determinants of the persisting difference in cancer mortality between western 

and eastern Europe. There is no evidence for the gap to close. 

 

Mortality patterns of soft tissue sarcomas worldwide up to 2018, with predictions for 2025 (accepted) 

Main points 

The epidemiological evidence on soft tissue sarcoma (STS) mortality is inconsistent in geographic 

and time coverage. This study provides mortality trends for STSs in selected countries worldwide 

over the last two decades, together with predicted figures for 2025. In addition to improvements in 

STSs registration, unfavourable mortality rates reported in this study reflect inadequate referral of 

patients with STSs to high-volume multidisciplinary centres, as well as insufficient advancements in 

STS prevention, diagnosis, and treatments. 

 

Global trends in gastric cancer mortality 1990-2019, with predictions to 2025, and incidence by 

subtype (submitted) 

Main points 

The incidence of gastric cancer (GC) is heterogeneously declining worldwide. We aimed to calculate 

updated mortality trends for GC. Observed and predicted GC mortality trends declined in most 

countries in both sexes, with few exceptions, likely due to the control of GC risk factors, in particular 

Hp infection.  
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CEFIC PROJECT 

I have been involved since I started my PhD on a CEFIC project titled “Incidence trends of selected 

endocrine-related diseases and conditions in Europe and North America, and the contribution of 

changes in human reproduction” (PI Prof. Negri from the University of Bologna). Among the 

endocrine-related diseases and conditions, there were four cancer sites considered: breast, 

endometrium, testis, and prostate. I gave my contribution to this project by evaluating the cancer 

incidence trends in high-income countries worldwide and reviewing the association between selected 

reproductive factors and the selected cancers. Thus, we investigated changes in relevant reproductive 

factors and estimated their influence on cancer occurrence. 

I have mainly worked on work packages 1 and 2, which aimed to evaluate incidence trends, and 

systematically analyse the literature on the possible determinants, including in particular artefacts and 

risk factors. Here I show the main results of my contribution. 

 

BREAST CANCER 

Data sources and availability 

Data were derived from National cancer registries or associations of registries providing national 

estimates. We retrieved estimates of national incidence rates in women for all countries, except 

Canada, for which we considered data from Ontario. For comparison, we also retrieved data from 

Japan. The period of availability was between 1943-2016 for Nordic countries, and later for the other 

countries. We considered the period from 2000 to 2016, where data were available for all countries. 

 

Trends 

Between 2000 and 2016 incidence rates increased about 10-20% in most countries, with the 

exceptions of Sweden, the USA, Canada (Ontario) where rates were flat, and Japan, where rates more 

than doubled. 
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Artefacts and other factors possibly influencing trends 

We did not conduct a search to identify potential artefacts, since we considered that the major artefact 

influencing trends is the increased adoption of mammographic screening, either opportunistic or 

within an organized breast cancer screening program. While decreasing breast cancer mortality, 

mammographic screening also leads to diagnostic anticipation and overdiagnosis, this inflating 

incidence rates. Its effect on incidence rates has been quantified in an increase of around 20-30%, 

although these estimates may be specific for a country and period. Changes in risk factors that may 

have led to an increase in rate include decreased parity, increased age at first birth, obesity prevalence, 

and alcohol consumption. A decrease in (long-term) use of hormone replacement therapies in several 

countries may have favourably influenced rates.  

 

The modest increase observed in most, but not all countries, can be attributed to increases in 

mammographic screening, as well as to unfavourable trends in other major risk factors. 

 

ENDOMETRIAL CANCER 

Data sources and availability 

Data were derived from National cancer registries, or associations of registries providing national 

estimates (e.g. Cancer statistics for the Nordic countries, NORDCAN, and the Global Cancer 

Observatory). For comparison, we also analysed data from Japan, based on the national registry. The 

period of availability was 1943-2016 for Nordic countries, and later for the other countries. We 

considered the period from 2000 to 2016, where data were available for all countries. 
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Trends 

Different trends emerged in different countries. In the United States, Canada and UK increasing 

incidence rates were observed. In the Nordic countries (Sweden, Finland, Germany, Norway) 

endometrial cancer incidence decreased or was stable (Denmark). In the other considered countries 

(France, Germany, Italy and Spain), endometrial cancer incidence was essentially stable.  

 

 

Artefacts and other factors possibly influencing trends 

The main identified artefact is the changed prevalence of hysterectomy.  

Potential risk factors for endometrial cancer include low or null parity, early age at menarche, and 

never using oral contraceptives, while late age at last birth appeared inversely related to endometrial 

cancer. 

 

Trends were heterogeneous, with increases only observed in North America and the UK. 

 

Risk factors and artefacts 

Databases: PubMed and Embase  

Search string: (((Endometr* AND (cancer* OR neoplasm* OR tumor* OR tumour*)) AND 

(epidemiolog* OR statistic*) AND (review* OR meta-analys* OR metaanalys*))) OR (((Endometr* 

AND (cancer* OR neoplasm* OR tumor* OR tumour*)) AND trend* AND (Europe OR Germany OR 
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France OR Italy OR Spain OR UK OR Sweden OR Finland OR Norway OR Denmark OR USA OR 

California OR Texas OR Florida OR New York OR Canada))) 

Data: 14/09/2020 

Inclusion/exclusion criteria: last 10 years 

 

Results 

Articles retrieved: 5329 (1150 duplicates), 4179 unique articles. 

Table 1. Identified reviews and reported potential artifacts/risk factors. 

Authors, year, type of article* Reported potential artifacts/risk 

factors 

Quantification of 

effects on trends 

Constantine GD, et al. (2019) 130 

 

Type: DESCR 

HRT, compounded bioidentical 

HT, early age at menarche, later 

age at menopause, low parity, no 

history of OC use 

 

Doll KM. and. Winn A. N (2019) 131 

 

Type: DESCR 

Hysterectomy prevalence may be 

an artifact 

When considering 

only women at risk 

(i.e. who did not 

undergo 

hysterectomy) 

endometrial cancer 

incidence nearly 

doubles 

Lortet-Tieulent J, et al. (2018) 132 

 

Type: DESCR 

Exogen extrogen use (in peri- and 

post-menopause) and endogenous 

extrogen exposure (nulliparity, 

few pregnancy, early age at 

menarche, obesity) 

 

Raglan O, et al. (2019) 133 

 

Type: REVIEW  

Strong evidence for parity. 

Suggestive evidence for age at last 

birth, age at menarche, OC 

 

Setiawan VW, et al. (2012) 134 

 

Type: ANALYTIC 

Age at last birth 

 

Wartko P, et al. (2013) 135 

 

Type: DESCR 

HRT use; 

interaction between HRT use and 

overweight/obesity 

 

Williams CL, et al. (2018) 136 

 

Type: ANALYTIC 

No association with ART 

 

Wu QJ, et al. (2015) 137 

 

Type: REVIEW 

Parity 

 

* Type: REVIEW (review article/systematic review/meta-analysis), DESCR (descriptive 

observational study), ANALYTIC (analytic observational study), OTHER. 
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Potential risk factors for endometrial cancer include low or null parity, early age at menarche, and 

never using oral contraceptives, while late age at last birth appeared inversely related to endometrial 

cancer. 

Table 2. Synthesis of the reported artifacts/risk factors. 

Reported artifact Studies 

Hysterectomy prevalence Doll KM and Winn AN (2019) 131 

Risk factors  

Parity 
Raglan O, et al. (2019) 133  

Wu QJ, et al. (2015) 137 

Early age at menarche 

Constantine GD, et al. (2019) 130  

Lortet-Tieulent J, et al. (2018) 132  

Raglan O, et al. (2019) 133 

Age at last birth 
Raglan O, et al. (2019) 133  

Setiawan VW, et al. (2012) 134 

 

PROSTATE CANCER 

Data sources and availability 

Data were derived from National cancer registries or associations of registries providing national 

estimates. We retrieved estimates of national incidence rates in men for all countries, except Canada, 

for which we considered data from Ontario. For comparison, we also retrieved data from Japan. The 

period of availability was 1943-2016 for Nordic countries, and later for the other countries. We 

considered the period from 2000 to 2016, where data were available for all countries. 

 

Trends 

Over the observed period, upward incidence trends were registered in most of the countries 

considered: Denmark, the UK, Italy, Norway, Spain, Sweden (and Japan). Conversely, the incidence 

decreased over time in Finland, Ontario (Canada), and the USA, and remained stable in Italy. France 

showed a decline since 2005. The highest rates were registered in the USA almost over the whole 

period, while Japan showed the lowest incidence rates.  
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Artefacts and other factors possibly influencing trends 

Differences in incidence trends across various geographical areas reflect differences in the use of 

diagnostic testing (according to GLOBOCAN 2018 estimates, variations in incidence rates were 190-

fold across worldwide countries). The initial trend peak in prostate cancer incidence has been 

attributed to a depletion of previously undiagnosed and accumulated cases from the pool of prevalent 

preclinical cases from previous years. Around 20-40% of the prostate cases in the USA and Europe 

could be due to overdiagnosis through extensive prostate-specific antigen (PSA) testing. The United 

States Preventive Services Task Force in 2008 recommended against screening for men 75 and older, 

and in 2012 for men of all ages. In more recent years, decreased rates of PSA screening have likely 

contributed to the observed decreased incidence of prostate cancer. 

 

The upward incidence trends observed in most countries are attributed to the widespread use of PSA 

screening. 

 

Risk factors and artefacts 

Databases: Medline and Embase  

Search string: ((Prostat* AND (cancer* OR neoplasm* OR tumor* OR tumour*)) AND 

(epidemiolog* OR statistic*) AND (review* OR meta-analys* OR metaanalys*)) AND ((Prostat* 

AND (cancer* OR neoplasm* OR tumor* OR tumour*)) AND trend* AND (Europe OR Germany OR 

France OR Italy OR Spain OR UK OR Sweden OR Finland OR Norway OR Denmark OR USA OR 

California OR Texas OR Florida OR New York OR Canada)) -  14/09/2020 
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Further restriction: search up to 5 years ago 

Results:  

Articles retrieved: 8749 (and 2261 duplicates). 

Table 1. Identified reviews and reported potential artifacts/risk factors. 

Authors, year, type of article* Reported potential 

artifacts/risk factors 

Quantification of effects on trends 

Han MA, et al. (2020) 138 

 

REVIEW 

Higher birth order (RF) 

1.38 (1.23-1.55) 

Zhou CK, et al. (2016) 139 

 

REVIEW + ANALYTIC 

Birthweight (RF) 

National Survey of Health and 

Development results: OR per kg 

increase=0.84 (95% CI 0.56-1.27) 

Meta-analysis results: OR=1.02 (95% 

CI 1.00-1.05) 

Rawla P. (2019) 140  

 

REVIEW 

PSA (Artifact) 

20-40% of prostate cancer cases in the 

USA and Europe could be due to 

overdiagnosis through extensive PSA 

testing 

* type: REVIEW (review article/systematic review/meta-analysis), DESCR (descriptive 

observational study), ANALYTIC (analytic observational study), OTHER. 

 

Table 2 shows the summary of results reported in the identified articles. The systematic review and 

meta-analysis on the impact of maternal and reproductive factors on cancer risks of offspring 

suggested that higher birth order may result in a very small increase in prostate cancer incidence138. 

Another systematic review and meta-analysis provided evidence that heavier birth weight may be 

associated with modest increased risks of total and aggressive/lethal prostate cancer 139. 

Notwithstanding these considerations, the role of birth order and birthweight on prostate cancer risk 

should be considered only marginal. Indeed, the time period between exposure and onset of the 

disease makes it unlikely that a strong association exists between these two considered risk factors 

and prostate cancer. Differences in incidence trends across various geographical areas reflect 

differences in the use of diagnostic testing (considering GLOBOCAN 2018 estimates, variation in 

incidence rates were 190-fold across worldwide countries). The initial trend peak in prostate cancer 

incidence has been attributable to a depletion of previously undiagnosed and accumulated cases from 

the pool of prevalent preclinical cases from previous’ years. Around 20 to 40% of the prostate cancer 

cases in the USA and Europe could be due to overdiagnosis through extensive PSA testing. 

The United States Preventive Services Task Force (USPSTF) in 2008 recommended against screening 

for men 75 and older, and in 2012 for men of all ages. In more recent years, including the USPSTF 
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2008, decreased rates of PSA screening have likely contributed to the observed decreased incidence 

of prostate cancer. 

 

Table 2. Synthesis of the reported artifacts/risk factors. 

Reported risk factors Studies 

Birth order Han MA, et al.(2020) 138. 

Birthweight Zhou CK, et al (2016) 139 

Reported artifact Studies 

PSA (prostate-specific antigen) screening Rawla P. (2019) 140 

TURP (transurethelial resection of the prostate)  

 

 

TESTICULAR CANCER 

Data sources and availability 

Data were derived from National cancer registries, or associations of registries providing national 

estimates (e.g. the Cancer statistics for the Nordic countries, NORDCAN, and the Global Cancer 

Observatory). For comparison, we also analysed data from Japan, based on the national registry. The 

period of availability was 1943-2016 for Nordic countries, and later for the other countries. We 

considered the period from 2000 to 2016, where data were available for all countries. 

Trends 

Among the countries considered, testicular cancer is still showing increasing trends in incidence. In 

some northern European countries (i.e. UK, Norway and Sweden) incidence rates appear to have 

stabilized over the period.  
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Artefacts and other factors possibly influencing trends 

No particular artefact influencing rates emerged from the literature. Perinatal factors and development 

abnormalities may play a role in testicular cancer etiology, including LBW, low gestational age, and 

cryptorchidism. Changes in those factors may likely explain the increasing trends. In addition, birth 

order has been inversely associated to testicular cancer risk. It has been estimated that an increase of 

26% in testicular cancer is attributable to the temporal change in birth order between 1950 and 2015 

in the Netherlands.  

Increasing trends in incidence rates of testicular cancer have been partly attributed to decreasing 

parity. Cryptorchidism is the strongest risk factor identified, and may also have influenced trends. 

However, a quantification of its role is still undefined. 

 

Risk factors and artefacts 

Databases: Medline and Embase  

Search string: (((Testicular OR testis) AND (cancer* OR neoplasm* OR tumor* OR tumour*)) AND 

(epidemiolog* OR statistic*) AND (review* OR meta-analys* OR metaanalys*))) OR (((Endometr* 

AND (cancer* OR neoplasm* OR tumor* OR tumour*)) AND trend* AND (Europe OR Germany OR 

France OR Italy OR Spain OR UK OR Sweden OR Finland OR Norway OR Denmark OR USA OR 

California OR Texas OR Florida OR New York OR Canada)))  

Data: 14/09/2020 
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inclusion/exclusion criteria: last 10 years 

Results 

 Articles retrieved 1766 (86 duplicates), 1680 unique articles 

Table 1. Identified reviews and reported potential artifacts/risk factors. 

Authors, year, type of article* Reported potential artifacts/risk 

factors 

Quantification of effects on 

trends 

Richiardi L, et al. (2007) 141 

 

Type: REVIEW 

This article reported an increase in risk 

for low birth weight.  

Low birth weight: OR=1.28 

(95% CI 0.99–1.65) 

 

Cook MB, et al. (2009) 142 

 

Type: REVIEW 

This systematic review and meta-

analysis has found evidence for 

associations of birth order with risk of 

testicular cancer. No association was 

found for maternal age. 

Birth order: 

primiparous vs not, OR=1.08 

(95% CI 1.01–1.16)  

second vs first, OR=0.94 

(95% CI 0.88–0.99) 

third vs first, OR=0.91 (95% 

CI 0.83–1.01) 

fourth vs first, OR=0.80 (95% 

CI 0.69–0.94) 

McGlynn KA and Cook MB. (2009) 
143 

 

Type: REVIEW 

Factors such as low birth weight, low 

gestational age and low and high 

maternal age might also influence the 

risk of testicular cancers but the results 

are often inconsistent. 

 

Cook MB, et al. (2010) 144 

 

Type: REVIEW 

Rates of testicular cancer have been 

associated with cryptorchidism, low 

birth rate, short gestational age, 

inguinal hernia, and twinning, 

suggesting a common etiology such as 

a hormonal factor in utero. 

Low birth weight:  

OR=1.34 (95% CI 1.08–1.67) 

Low gestational age: 

OR=1.31 (95% CI 1.07–1.59) 

Stephansson O, et al. (2011) 145 

 

Type: ANALYTIC 

There was a weak, positive association 

between high (≥4000 g) birth weight 

and childhood testicular germ-cell and 

a correspondingly elevated risk for low 

birth weight.  

High birth weight (≥4000 g): 
OR=1.25 (95% CI: 0.83-1.90) 

Low birth weight (<2500):  

OR=1.41; (95% CI: 0.43-4.56) 

Birth order (first vs later):  
OR=1.40; (95% CI: 0.96-2.05) 

Crump C, et al (2012) 146 

 

Type: ANALYTIC 

These findings suggest that extreme but 

not later preterm birth may be 

independently associated with 

testicular cancer in later life. 

Preterm Birth (22–29 

weeks):  

OR: 3.95 (95% CI: 1.67–9.34) 

Piltoft JS, et al. (2017) 147 

 

Type: ANALYTIC 

Birth weight was inversely associated 

with testicular cancer and no clear 

association with birth order was 

observed. 

Low birth weight (<2500): 
1.48 (1.00–2.17) 

Levine H, et al. (2017) 148 

 

Type: ANALYTIC 

Increasing paternal age at birth was 

linearly associated with lower risk of 

testicular cancer. 

Paternal age: 

HRper year = 0.98; (95% CI: 

0.97-0.99) 

Maternal age: 

HRper year = 0.98; (95% CI: 

0.97-0.99) 
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Swaen G, et al. (2018) 149 

 

Type: REVIEW 

Boys born from nulliparous mothers 

(firstborn boys) are at an increased risk 

for testicular cancer, compared to boys 

from multiparous mothers, irrespective 

of the gender of the siblings. This 

association is found in several studies, 

but not all, and it seems to be the case 

in particular in the earlier birth cohorts. 

 

Znaor A, et al. (2020) 150 

 

Type: DESCR 

The aetiology of testicular cancer 

remains elusive, in part due to 

difficulties in obtaining robust exposure 

data related to the perinatal period. 

 

* type: REVIEW (review article/systematic review/meta-analysis), DESCR (descriptive 

observational study), ANALYTIC (analytic observational study), OTHER. 

 

Table 2. Synthesis of the reported artifacts/risk factors. 

Reported artifact Studies 

Improving education awareness or better diagnostic procedures? 

Le Cornet C, et al. (2014) 151 

Nigam M, et al. (2015) 152 

Znaor A, et al. (2020) 150 

Decrease in parity over the last decades Swaen G, et al. (2018) 149 

Risk factors  

Low birth weight 

Richiardi L, et al. (2007) 141 

Cook MB, et al. (2010) 144 

Stephansson O, et al. (2011) 145 

Piltoft JS, et al. (2017) 147 

Birth order 

Cook MB, et al. (2009) 142 

Stephansson O, et al. (2011) 145 

Piltoft JS, et al. (2017) 147 

Parity Swaen G, et al. (2018) 149 

Preterm birth Crump C, et al (2012) 146 

Paternal age  Levine H, et al. (2017) 148 

Maternal age 
Cook MB, et al. (2009) 142 

Levine H, et al. (2017) 148  

 

Risk factors for testicular cancer include undescended testis (cryptorchidism), personal or family 

history of testicular cancer, age, ethnicity, and infertility. Several epidemiological studies have 

investigated the relationship between variables related to prenatal exposures and testicular cancer, but 

results are often inconsistent, suggesting an etiology poorly understood. McGlynn and Cook in 2009 

reassumed very clearly several aspects that may influence the risk of testicular cancer. “Maternal age 

has been both inversely and directly associated with testicular cancer risk. Moreover, several studies 

have reported no association. Low maternal parity and low birth order have been linked to testicular 

cancer risk in some while other articles not.” Cook et al. in 2010 performed a meta–analysis on 

perinatal variables in relation to the risk of testicular cancer. Most of the published articles analysed 
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which reported an evidence was not very recent. In a recent publication by Znaor and colleagues in 

2020, suggested that the aetiology of testicular cancer remains elusive, probably due to difficulties in 

obtaining robust exposure data related to the perinatal period. 

For this reason, we are now conducting a systematic review to update the most recent meta-analysis 

(Cook et al. in 2010) on exposure related to the perinatal period, hoping that more recent articles can 

lead to a deeper understanding of the etiology of testicular cancer. 
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MARIO NEGRI INSTITUTE EXPERIENCE 

During my PhD, I have been collaborating with the department of Oncology belonging to the Mario 

Negri Institute. Under the supervision of Dott. Bosetti I worked on various projects. We updated a 

meta-analysis concerning aspirin use and the risk of twelve solid tumors with a dose-response analysis 

finalizing three publications 153-155. Moreover, the Mario Negri Institute manages the Italian Register 

of Multiple Sclerosis, collecting data from more than 100 centers in Italy on more than 70.000 

patients. Based on this real-world dataset, I have dealt with several aspects related to multiple 

sclerosis, being involved in the drafting of two papers one concerning two methods for measuring the 

disability accumulated over time 156 and another one studying patients’ and referral centers’ 

characteristics in relation to multiple sclerosis phenotypes 157. 

 

Detection of disability worsening in relapsing-remitting multiple sclerosis patients: a real-world 

roving Expanded Disability Status Scale reference analysis from the Italian Multiple Sclerosis 

Register 156 

Main points 

In relapsing-remitting multiple sclerosis patients (RRMS) disability progressively accumulates over 

time. To compare the cumulative probability of 6-month confirmed disability-worsening events using 

a fixed baseline or a roving Expanded Disability Status Scale (EDSS) reference, in a real-world 

setting. 

A cohort of 7964 RRMS patients followed for 2 or more years, with EDSS scores recorded every 6 

months, was selected from the Italian Multiple Sclerosis Register. The overall probability of 

confirmed disability-worsening events and of confirmed disability-worsening events unrelated to 

relapse was evaluated using as reference a fixed baseline EDSS score or a roving EDSS score in 

which the increase had to be separated from the last EDSS assessment by at least 6 or 12 months. 

Using a fixed baseline EDSS reference, the cumulative probability of 6-year overall confirmed 

disability-worsening events was 33.2%, and that of events unrelated to relapse was 10.9% (33% of 

overall confirmed disability-worsening events). Using a roving EDSS, the proportions were 

respectively 35.2% and 21.3% (61% of overall confirmed disability-worsening events). 

In a real-world setting, roving EDSS reference scores appear to be more sensitive for detecting 

confirmed disability-worsening events unrelated to relapse in RRMS patients. 
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Do patients' and referral centers' characteristics influence multiple sclerosis phenotypes? Results 

from the Italian multiple sclerosis and related disorders register 157 

Main points 

Multiple sclerosis (MS) is characterized by phenotypical heterogeneity, partly resulting from 

demographic and environmental risk factors. Socioeconomic factors and the characteristics of local 

MS facilities might also play a part. This study included patients with a confirmed MS diagnosis 

enrolled in the Italian MS and Related Disorders Register in 2000-2021. Patients at the first visit were 

classified as having a clinically isolated syndrome (CIS), relapsing-remitting (RR), primary 

progressive (PP), progressive-relapsing (PR), or secondary progressive MS (SP). Demographic and 

clinical characteristics were analyzed, with centers' characteristics, geographic macro-areas, and 

Deprivation Index. We computed the odds ratios (OR) for CIS, PP/PR, and SP phenotypes, compared 

to the RR, using multivariate, multinomial, mixed effects logistic regression models. In all 35,243 

patients from 106 centers were included. The OR of presenting more advanced MS phenotypes than 

the RR phenotype at first visit significantly diminished in relation to calendar period. Females were 

at a significantly lower risk of a PP/PR or SP phenotype. Older age was associated with CIS, PP/PR, 

and SP. The risk of a longer interval between disease onset and first visit was lower for the CIS 

phenotype, but higher for PP/PR and SP. The probability of SP at first visit was greater in the South 

of Italy. Differences in the phenotype of MS patients first seen in Italian centers can be only partly 

explained by differences in the centers' characteristics. The demographic and socio-economic 

characteristics of MS patients seem to be the main determinants of the phenotypes at first referral. 

 

Use of preventive drugs during the last year of life in older adults with cancer or chronic progressive 

diseases 158 

Main points  

We aimed to evaluate the prescription of preventive medications with questionable usefulness in 

community dwelling elderly adults with cancer or chronic progressive diseases during the last year 

of life. We used the healthcare databases of the Lombardy region, Italy, identifying two retrospective 

cohorts of patients aged 65 years or more, who died in 2018 and had a diagnosis of either a solid 

cancer (N=19,367) or a chronic progressive disease (N=27,819). We estimated prescription of eight 

major classes of preventive drugs 1 year and 1 month before death; continuation or initiation of 

preventive drug use during the last month of life was also investigated. 



71 

 

Over the last year of life, in both oncologic and non-oncologic patients, we observed a modest 

decrease in the prescription of blood glucose-lowering drugs, anti-hypertensives, lipid-modifying 

agents, and bisphosphonates, and a slight increase in the prescription of vitamins, minerals, 

antianemic drugs, and antithrombotic agents (among oncologic patients only). One month before 

death, the prescription of preventive drugs was still common, particularly for anti-hypertensives, 

antithrombotics, and antianemics, with more than 60% of patients continuing to be prescribed most 

preventive drugs and an over 10% starting a therapy with an antithrombotic, an antianemic, or a 

vitamin or mineral supplement. These findings support the need for an appropriate drug review and 

improvement in the quality of drug prescription for vulnerable populations at the end-of-life. 

I took part in this paper by conducting analyses on the healthcare databases of the Lombardy region 

and reviewing and editing the original article. 

 

Factors for Timely Identification of Possible Occurrence of Delirium in Palliative Care: A 

Prospective Observational Study 159 

Main points  

Delirium occurs in 50-80% of end-of-life patients but is often misdiagnosed. Identification of clinical 

factors potentially associated with delirium onset can lead to a correct early diagnosis. To this aim, 

we conducted a prospective cohort study on patients from an Italian palliative care unit (PCU) 

admitted in 2018-2019. We evaluated the presence of several clinical factors at patient admission and 

compared their presence in patients who developed delirium and in those who did not develop it 

during follow-up. The study indicates that some clinical factors, such as setting of care (hospice vs 

home care), presence of breathlessness, and administration of psychoactive drugs (haloperidol) are 

associated with the probability of delirium onset. Their evaluation in PC patients could help 

healthcare professionals to identify the development of delirium in those patients in a timely manner. 

 

Risk factors of locoregional recurrence after surgical resection of non-small cell lung cancer: a meta-

analysis (still ongoing) 

Main points  

In collaboration with Dr Varlotto, from the Marshall University, Radiation Oncology, with the 

Medtronic Advanced Surgical Instruments, and the Unit of Cancer Epidemiology, Mario Negri 



72 

 

Institute, held by Dr Bosetti, we conducted a meta-analysis to study the risk factors associated with 

locoregional recurrence in patients with resected non-small cell lung cancer. This work started in 

September 2020 and we are finalizing the paper for submission. 

Abstract 

We conducted a systematic review and meta-analysis to identify all original studies that assessed risk 

factors for LR after surgical resection of NSCLC published between 01/01/2000 and 10/08/2020. 

Eighty-one studies were selected for inclusion. Sixteen risk factors were considered, including 

patient’s characteristics, treatment variables, histopathologic, and staging variables.  

This large-scale meta-analysis indicates that LR is influenced predominantly by nodal stage, T stage, 

lymphovascular invasion, and visceral pleural involvement. DR and OS are more strongly associated 

with pathological stage and treatment variables. 

 

Figure 1. Radar plot showing the pooled risk estimates for major risk factors for locoregional 

recurrence, distal recurrence, overall recurrence, and overall survival after surgical resection of non-

small cell lung cancer. 
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UNIVERSITY OF LAS PALMAS EXPERIENCE 

In my last PhD year, I worked at the Department of Quantitative Methods and Economics of the 

University of Las Palmas supervised by Prof. Serra-Majem for nine months. This training period 

aimed to gain new experience in conducting cost-effectiveness studies. I conducted a study aimed to 

quantify the over cost due to obesity among patients hospitalized for Covid-19. In collaboration with 

the Department of Public Health, I conducted an effectiveness analysis of a primary prevention 

intervention with a Mediterranean diet supplemented with extra-virgin olive oil or nuts using the data 

from PREDIMED Trial. Lastly, I took part in the WOMEDS Study, a project aimed to analyse gender 

inequality among medical doctors in Spain. During these months abroad, I co-wrote three papers, 

currently under revision. 

 

Gender inequality in the medical profession: the women doctors in Spain (WOMEDS) study 

(submitted) 

The Women Doctors in Spain (WOMEDS) project analyzes the different aspects of the medical 

specialties from a gender perspective in order to detect possible gender gaps, compare results among 

different medical specialties, and propose corrective actions for the discriminatory inequalities that 

eventually would be encountered. It focuses on the clinical setting but has necessary ramifications for 

professional organizations, academia, and research. For this study I build three indicators concerning 

women in i) health care, ii) medical councils, medical associations, and medical conferences, and iii) 

research and academy, created a Tableau page (available at: 

(https://public.tableau.com/app/profile/gender.medicine), as well as wrote the paper - currently 

submitted - as first and corresponding author. 

 

Clinical and economic impact of COVID-19 on people with obesity in a Spanish cohort during the 

first pandemic peak (under review) 

This study aimed to assess the prevalence of obesity and obesity-associated comorbidities in COVID-

19 patients and the association between obesity and key relevant outcomes of COVID-19 in a Spanish 

hospital. We also evaluated the economic impact of the combination of obesity and COVID-19 

disease, which we foretell to be significantly higher than the impact of COVID-19 infection itself. I 

https://public.tableau.com/app/profile/gender.medicine
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took part in this project building various scenarios for missing data imputation. I have also helped 

write the final manuscript. 

 

Cost-effectiveness analysis of a primary prevention intervention with Mediterranean diet 

supplemented with extra-virgin olive oil or nuts (ongoing) 

Reducing primary cardiovascular events is a significant public health concern. The PREDIMED study 

is the largest primary prevention trial showing an inverse association between adherence to the 

Mediterranean diet and the incidence of several major chronic diseases in subjects at high 

cardiovascular risk 160. However, the cost-effectiveness study of these interventions has yet to be 

calculated. In this study, I estimated the costs and cost-effectiveness of PREDIMED interventions as 

well as changes in quality of life during the follow-up in patients recruited in Guía, Gran Canaria. 
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COURSES AND OTHER ACTIVITIES 

Transferable skills and courses from PhD catalogue 

During my PhD, I attended the following mandatory courses: 

 Fondamenti di Academic writing; 

 Language coaching: interpersonal skills - presentation skills; 

 Open science; 

 Lezione propedeutica base su IP e brevetti; 

 Comunicazione e nuovi media; 

 La valutazione della ricerca; 

 Introduzione alla valorizzazione della ricerca; 

 Research Integrity I; 

 Research Integrity II; 

 Academic Writing: Research Papers; 

 Language coaching: Interpersonal Skills - Interview Skills; 

 Grantmanship Parte I; 

 Grantmanship Parte II; 

 Competenze e occupabilità dei dottori di ricerca (Self branding); 

 Laboratorio per la preparazione di un piano di disseminazione/comunicazione; 

 Valorizzare creando impresa: fare spin-off all'Università degli Studi di Milano; 

 Lezione avanzata sull’utilizzo dell’IP per fare innovazione; 

 CV e tecniche di selezione: come compilare un buon CV e approcciarsi alle tecniche di 

selezione aziendale; 

 Tensioni e conflitti nella transizione di carriera. 

 

Moreover, I attended the following courses: 

 Mediation analysis and causal inference, hold by Prof. Edefonti and Prof. Valeri; 

 Statistica per le decisioni in Sanità Pubblica, hold by Prof. La Vecchia and Dott. Bitetto; 

 Approccio One Health al controllo delle zoonosi emergenti, hold by Prof. Zecconi; 

 Power calculation and sample size optimization, hold by Prof. Carlo La Vecchia and Prof. 

Cristian Ricci; 
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 Criminologia clinica, medicina legale e diritto: conoscenza e prevenzione per i professionisti 

della sanità, hold by Prof. Merzagora; 

 Ricerca clinica: valutazione della qualità e credibilità dei risultati della ricerca; origini di bias, 

hold by Prof. Moja; 

 Revisioni sistematiche con meta-analisi: metodi statistici ed interpretazione dei risultati, hold 

by Prof. Casazza; 

 Disegni di Studi Osservazionali, hold by Prof. La Vecchia. 

 

Supplementary activities for study programmes - art. 45 

 

In accordance with the article n. 45 cod. 742, 918, and 1103 of the University General Regulations, I 

obtained a collaboration with the Department of Biomedical, Surgical and Dental Sciences for 

teaching activities (tutoring, exercises, drills and tutorials) for the course of Medical Statistics held 

by the Prof. Monica Ferraroni for three consecutive years.  
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Supplementary material 

Supplementary Table 1. List of malignant neoplasms. 

Neoplasm ICD-10 code 

Oral cavity and pharynx C00-C14 

Esophagus C15 

Stomach C16 

Colorectal C18-C20 and C26 

Primary liver cancer C22 

Gallbladder C23 

Pancreas C25 

Lung C33-C34 

Skin melanoma C43 

Breast C50 

Cervix C53 

Corpus C54-C55 

Ovary C56 

Prostate C61 

Bladder C67 

Kidney and other urinary sites C64-C66 and C68 

Brain and CNS C70-C72 

Non-Hodgkin's lymphomas C82-C85 

Multiple myeloma C90 

Leukemia C91-C95 

All malignant cancers C00-C97 

ICD, International Classification of Diseases; 

CNS: Central Nervous System. 
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