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AICR/WCR 2007:

Causes of cancer

UK cancer research:

Although individual types of cancers have different causes, it is possible to express which main factors and to what extent they contribute to 
the overall mortality from tumors, or to the occurrence - the occurrence of tumors. The results of the analysis published by 1981 by Doll and 
Peto are still more or less valid, and do not differ fundamentally from other, later analyzes. 

Analysis of the causes of cancer (Doll & Peto 1981): Table: Comparison with other similar analyzes 
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Carcinogens vs. factors affecting cancer risk 

▪ A carcinogen is any factor (chemical, physical or biological agent - such as a virus, radionuclide or industrial 
process etc.) that causes cancerous cell proliferation, leading to the appearance of cancerous tumors.

▪ The official carcinogen database is maintained by the International Agency for Research on Cancer (IARC), which 
also categorizes them according to the level of scientific evidence on the association between exposure to a given 
factor and the incidence of cancer (see next slide). 

▪ In contrast, "Factors influencing cancer risk" 
include both carcinogens (increasing the risk), but also 
protective factors that reduce the risk and protect 
against tumors.

▪ Furthermore, these or other factors can modify the 
risk by either influencing - modifying the action and 
effects of carcinogens, or influencing the action of 
protective substances, or directly resistance - the 
body's immunity.

▪ "Factors influencing cancer risk" are therefore a much 
broader concept than just carcinogens. For 
prevention, it is not enough just to know carcinogens 
and prevent their action, but it is necessary to know 
and be able to modify all the factors that determine 
the resulting risk of cancer. 
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Classification of carcinogens according to IARC

Classification of carcinogens according to IARC – classes:

Examples of IARC carcinogens: 

Realistic view of "carcinogens" - limits regarding use in primary 
prevention:

▪ The action of carcinogens is only one of the links in the chain of 
carcinogenesis. Whether or not tumors actually arise depends on a 
number of modifying factors. It can be environmental factors, 
lifestyle, or the state of the organism (immunity, obesity…)

▪ The IARC classification of carcinogens by its nature evaluates only 
risk factors - carcinogens. However, the factors determining the risk 
of tumors can also be protective, ie those that reduce the risk (for 
example, some nutritional factors, movement…)

▪ Many carcinogens pose only a specific risk to specific small groups 
that may be at risk. However, these findings are not always 
meaningfully useful for general recommendations on tumor 
prevention for the general population 

https://monographs.iarc.fr/agents-classified-by-the-iarc/

https://monographs.iarc.fr/agents-classified-by-the-iarc/
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IARC –Known factor causes of cancer (carcinogens according to organ site) and possible prevention  
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Examples of application of carcinogen classification and risk size comparison
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1. Lung and bronchus
2. Myeloid leukemia

Urogenital system:
3. Kidney
4. Ureter
5. Bladder
6. Ovary
7. Uterine Cervix

Head and Neck:
8. Oral cavity
9. Larynx
10. Hypopharynx
11. Nasopharynx
12. Oropharynx
13. Nasal cavity

Digestive system:
14. Esophagus
15. Stomach
16. Liver
17. Pancreas
18. Colon

More:
19. Breast – limited evidence

Smoking causes:

30 % of all cancers

90 % of all lung and bronchus cancers

Cancer caused by tobacco use

Cancer sites with a significant 
causal attribution of tobacco:
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Influence of different infections on 
cancer risk

(% of all cancer cases attributed to infection 
globally)

▪ Helicobacter pylori - 32.5 %

▪ HPV (Human Papillomavirus) - 30 %

▪ HBV a HCV (Hepatitis B+C) - 29.5 % 

▪ EBV (Epstein-Barr) - 5.4 %

▪ Other agents - 2.6 %

Infection agents and risk of cancer
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World Cancer Research Fund International: Diet, Nutrition, Physical Activity and 

Cancer: a Global Perspective - The Third Expert Report. London, UK: World Cancer 

Research Fund International; 2018 Available from: 

https://www.wcrf.org/dietandcancer

Influence of nutritional factors (and physical activity) on the risk of cancer

◼ The extensive report "Diet, Nutrition, Physical Activity and Cancer: a Global Perspective - The Third 

Expert Report, 2018" by an international panel of experts, based on a meta-analytical summary of more 

than 4,000 studies, provides the best and most comprehensive summary of the influence of nutritional 

factors (+ physical activity) on cancer risk.

◼ This is the third report in a row, they are published with a periodicity of approximately 10 years. 

◼ Particular attention is paid to the quality of evidence. These are graded into classes, with clearly defined 

criteria, and any conclusions must be supported by sufficiently good evidence. 

https://www.wcrf.org/dietandcancer
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Quality of evidence of effect 

▪ In general, epidemiological studies are the only sufficient source for assessing the effect of a factor on cancer risk. 

▪ They must therefore be performed on the human population and meet certain requirements. The results obtained from an in 

vitro experiment, on cell cultures, on animals cannot serve as sufficient evidence. These studies can be used to create -

formulate hypotheses, but not to confirm them. 

▪ Dosage - exposure - must correspond to real living conditions. Confirmation of carcinogenicity at extreme exposures says 

nothing about the real risk to the general population. 

▪ The basic requirement is the confirmation of causality, the exclusion of confounding and bias factors. This is greatly aided 

by the adequate design of the study, which determines the final quality of the evidence and can eliminate the influence of 

different "biases". A distinction must be made between three basic types of epidemiological studies: 1) correlation studies, 

2) case-control studies, and 3) prospective studies. 

▪ The quality of the evidence is therefore determined by the type, quality of the design and the number of epidemiological 

studies performed 

Grading the quality of evidence according to WCR / AICR - Diet, 
Nutrition, Physical Activity and Cancer: a Global Perspective: 
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An example of misleading results:
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▪ The chart shows the correlation 
between total dietary fat intake 
and breast Ca mortality - a 
comparison of different countries. 

▪ Based on the correlation, it was 
concluded that high fat 
consumption is a risk for cancer. 

▪ Later, other epidemiological 
methods have shown that this 
conclusion is completely wrong, 
and the link is due to other, 
associated factors, which also 
vary from country to country, in 
addition to fat consumption… 

▪ There is undoubtedly a significant 
correlation here, but not a causal 
one. 

This impressive correlation is not a causal association! 

Correlations studies

◼ Data are not obtained on individuals, but in bulk, usually from national statistics or other aggregate results. 

◼ Therefore, data on exposure and outcome cannot be directly related (especially causal), and the analysis is 
burdened with a large error and inaccuracies. 

◼ They cannot be used at all to confirm hypotheses, but only to create them. 

Disadvantages - weaknesses of correlation studies: 

Advantages of correlation studies:

◼ Undemanding, easy, fast and cheap design.
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Retrospective

Cases
(People with the 

disease)

Controls  
(without 

disease)

Questionnaires, interview…

Did the exposure differ?
(eg eating vegetables?) 

Past Present

Case-control epidemiological studies

Disadvantages - weaknesses of case and control studies:

Advantages of case-control studies:

◼ Data are obtained retrospectively, subjective reporting can be distorted and biased. 

◼ Easy to carry out, data getting easily and quickly  
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Prospective

Healthy –

without the 

diseases

Studied 

population
Did their 
exposure 
differ? 

Present (Beginning 
of the study)

People with 

the disease 

(„cases“) 

Future

Initial 
examination

Examination 5th 
year

Examination 
15th year

Examination 
10th year

Examination: detailed individual nutritional consumption, blood collection -
levels of monitored nutrients, etc. 

Prospective cohort study

◼ Very demanding to carry out, very long duration, very large sample required 

◼ Data are collected in real time, continuously, it can also be an objective measurement. The results are not 
affected by the awareness of any observed diseases.

◼ This is the most accurate study, the only one that meets the current criteria for sufficient quality of evidence.

Advantages of a prospective cohort study:

Disadvantages - weaknesses of the prosepctive cohort study 
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Prospective → 

Exposed

Present  
(Beginning of the 
study)

Future

Initial examination Examination 1st year Examination  2nd year

Placebo
Exposed

Placebo

Randomized controlled  trial (RCT)

Cross-over



Department of Public Health
Author: Jindřich Fiala 15

Criteria for the quality of evidence of effect

Evidence strong enough to support a judgement of a convincing causal (or protective) relationship, which justifies making

recommendations designed to reduce the risk of cancer. The evidence is robust enough to be unlikely to be modified in the

foreseeable future as new evidence accumulates.

All of the following are generally required:

• Evidence from more than one study type

• Evidence from at least two independent cohort studies 

• No substantial unexplained heterogeneity within or between study types or in different populations relating to the presence 

or absence of an association or direction of effect.

• Good-quality studies to exclude with confidence the possibility that the observed association results from random or 

systematic error, including confounding, measurement error and selection bias.

• Presence of a plausible biological gradient (dose-response) in the association. Such a gradient need not be linear or even in 

the same direction across the different levels of exposure, so long as this can be explained plausibly.

• Strong and plausible experimental evidence, either form human studies or relevant animal models, that typical human 

exposures can lead to relevant cancer outcomes. 

Convincing (strong evidence)

Evidence strong enough to support a judgement of a probable causal (or protective) relationship, which generally justifies 

recommendations designed to reduce the risk of cancer.

All of the following are generally required:

• Evidence from at least two independent cohort studies or at least five case-control studies.

• No substantial unexplained heterogeneity between or within study types in the presence or absence of an association, or 

direction of effect.

• Good-quality studies to exclude with confidence the possibility that the observed association results from random or 

systematic error, including confounding, measurement error and selection bias.

• Evidence for biological plausibility  

Probable (strong evidence)
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Criteria for the quality of evidence of effect

Limited – suggestive

Evidence that is too limited to permit a probable or convincing causal judgement but is suggestive of a direction of effect. The

evidence may be limited in amount or by methodological flaws, but shows a generally consistent direction of effect. This 

judgement is broad and includes associations where the evidence falls only slightly below that required to infer a probably 

causal association through to those where the evidence is only marginally strong enough to identify a direction of effect. This 

judgment is very rarely sufficient to justify recommendations designed to reduce the risk of cancer; any exceptions to this 

require special, explicit justification.

All of the following are generally required:

• Evidence from at least two independent cohort studies or at least five case-control studies.

• The direction of effect is generally consistent though some unexplained heterogeneity may be present.

• Evidence for biological plausibility.

Limited – no conclusion

Evidence is so limited that no firm conclusion can be made. This judgement represents an entry level and is intended to 

allow any exposure for which there are sufficient data to warrant Panel consideration, but where insufficient evidence exists

to permit a more definitive grading. This does not necessarily mean a limited quantity of evidence. A body of evidence for a 

particular exposure might be graded “limited – no conclusion” for number of reasons. The evidence may be limited by the 

amount of evidence in terms of the number of studies available, by inconsistency of direction of effect, by methodological 

flaws (for example, lack of adjustment for known confounders) or by any combination of these factors. 
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Criteria for the quality of evidence of effect 
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The influence of nutritional factors on the process of carcinogenesis in various stages and on the risk of cancer 
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Effect of whole grains, vegetables and fruits on the risk of cancer  
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Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – The Third Expert Report, 2018

Effect of meat, fish and dairy products  
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Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – The Third Expert Report, 2018

Effect of preservation and processing
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Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – The Third Expert Report, 2018

Effect of alcohol
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Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – The Third Expert Report, 2018

Other dietary exposures
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Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – The Third Expert Report, 2018

Non-alcoholic drinks
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Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – The Third Expert Report, 2018

Effect of other dietary exposures on the risk of cancer
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World Cancer Research Fund International: Diet, Nutrition, Physical Activity and Cancer: a Global Perspective - The Third Expert Report.

London, UK: World Cancer Research Fund International; 2018 Available from: https://www.wcrf.org/dietandcancer

Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – The Third Expert Report, 2018

Effect of overweight and obesity

https://www.wcrf.org/dietandcancer
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World Cancer Research Fund International: Diet, Nutrition, Physical Activity and Cancer: a Global Perspective - The Third Expert Report. London, UK: World Cancer Research Fund International; 2018 Available 

from: https://www.wcrf.org/dietandcancer

Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – The Third Expert Report, 2018

Effect of physical activity

https://www.wcrf.org/dietandcancer
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World Cancer Research Fund International: Diet, Nutrition, Physical Activity and Cancer: a Global Perspective - The Third Expert Report. London, UK: World Cancer Research Fund International; 2018 Available 

from: https://www.wcrf.org/dietandcancer

Effect of lactation

https://www.wcrf.org/dietandcancer
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World Cancer Research Fund International: Diet, Nutrition, Physical Activity and Cancer: a Global Perspective - The Third Expert Report.

London, UK: World Cancer Research Fund International; 2018 Available from: https://www.wcrf.org/dietandcancer

Strong effect –

summary of 

evidence

https://www.wcrf.org/dietandcancer
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London, UK: World Cancer Research Fund International; 2018 Available from: https://www.wcrf.org/dietandcancer

Strong effect –

summary of 

evidence

https://www.wcrf.org/dietandcancer
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Possibilities of cancer prevention
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Report. London, UK: World Cancer Research Fund International; 2018 Available from: https://www.wcrf.org/dietandcancer

Recommendations WCRF/AICR - Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – 3rd Expert Report (2018)

1The healthy (or, as defined by WHO, “normal”) range of BMI for adults is 18.5/24.9 m2. Different reference ranges have been proposed for Asian populations. Where these ranges differ from the 

WHO definition, they are to be used as the guide. Further research is required to establish appropriate thresholds in other ethnic groups. The health range for BMI during childhood varies with age.

2WHO recommends keeping waist circumference below 94 cm in men and 80 cm in women (based on data form European people). These values are roughly equivalent to a BMI of around 25 

kg/m2. For Asian populations, cut/offs for waist circumferences of 90 cm for men and 80 cm for women have been proposed. Further research is required to establish appropriate waist 

circumference values for other ethnic groups. 

1Moderare physical activity increases heart rate to about 60 to 75 per cent of its maximum. 

1Measured by the AOAC method. 

WHO advises adults to be active daily, taking part through each week in at least 150 min of moderate-intensity, aerobic physical activity or at least 75 min of vigorous, aerobic physical activity 
(or a combination). This represents a minimum amount of PA for cardiometabolic health. For cancer prevention, it is likely that the greater amount of PA, the grater the benefit. To have 
significant impact on weight control, higher levels are required (45-60 min of moderate-intensity PA per day). 

https://www.wcrf.org/dietandcancer
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Report. London, UK: World Cancer Research Fund International; 2018 Available from: https://www.wcrf.org/dietandcancer

Recommendations WCRF/AICR - Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – 3rd Expert Report (2018)

1 “Fast foods” are readily available convenience foods that tend to by energy dense and are often consumed frequently and in large portions

1 The term “red meat” refers to all types of mammalian muscle meat, such as beef, veal, pork, lamb, mutton, horse and goat.

2 The Term “processed meat” refers to meat that has been transformed through salting

3 500 grams of cooked red meat is roughly equivalent to 700-750 grams of raw meat, but the exact conversion depends on the cut of meat, the proportions of 

lean meat and fat, and the method and degree of cooking.

1 Sugar sweetened drinks are defined here as liquids that are sweetened by adding the sugars, such as sucrose, high fructose corn syrup and sugars 

naturally present in honey, syrups, fruit juices and fruit juice concentrate. This includes, among others, sodas, sports drinks, energy drinks, sweetened 

waters, cordials, barely water, and coffee- and tea-based beverages with sugars or syrups added. This does not include versions of these drinks which are 

“sugar free” or sweetened only with artificial sweeteners.

https://www.wcrf.org/dietandcancer
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Report. London, UK: World Cancer Research Fund International; 2018 Available from: https://www.wcrf.org/dietandcancer

Recommendations WCRF/AICR - Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – 3rd Expert Report (2018)

1 “Fast foods” are readily available convenience foods that tend to by energy dense and are often consumed frequently and in large portions

1 The term “red meat” refers to all types of mammalian muscle meat, such as beef, veal, pork, lamb, mutton, horse and goat.

2 The Term “processed meat” refers to meat that has been transformed through salting

3 500 grams of cooked red meat is roughly equivalent to 700-750 grams of raw meat, but the exact conversion depends on the cut of meat, the proportions of 

lean meat and fat, and the method and degree of cooking.

1 Sugar sweetened drinks are defined here as liquids that are sweetened by adding the sugars, such as sucrose, high fructose corn syrup and sugars 

naturally present in honey, syrups, fruit juices and fruit juice concentrate. This includes, among others, sodas, sports drinks, energy drinks, sweetened 

waters, cordials, barely water, and coffee- and tea-based beverages with sugars or syrups added. This does not include versions of these drinks which are 

“sugar free” or sweetened only with artificial sweeteners.

https://www.wcrf.org/dietandcancer
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Report. London, UK: World Cancer Research Fund International; 2018 Available from: https://www.wcrf.org/dietandcancer

Recommendations WCRF/AICR - Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – 3rd Expert Report (2018)

➢ Drinking alcohol is a cause of many cancers

➢ Drinking alcohol helps protect against kidney cancer (at least up to 30 grams or two drinks per day), but this is far outweighed by the 

increased risk for other cancers 

1 A dietary supplement is a product intended for ingestion that contains a ‘dietary ingredient’ intended to achieve levels of consumption of micronutrients or 

other food components what are usually achievable through diet alone

1 Exclusive breastfeeding is defined as giving a baby only breastmilk (including breastmilk that has been expressed or is from a wet nurse) and nothing else –

no other liquids or solid foods, not even water. It does, however, allow to infant to receive oral rehydration solution, drops or syrups consisting of vitamins, 

minerals, supplements or medicine. 

https://www.wcrf.org/dietandcancer
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Epidemiology - Cancer incidence and mortality in high HDI countries (Age-Standardized Rates)

Male
The most common cancers in the world (W) are shown in descending order of the overall age-standardized rate for both sexes combined. Source: GLOBOSCAN 2020

HDI = Human Development Index 

Age-standardized rate per 100,000, Male

Female

Age-standardized rate per 100,000, Female

The World-wide most frequent cancers: 
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WCR/AICR: Diet, Nutrition, Physical Activity and Cancer: a Global Perspective – The Third Expert Report, 2018

Cancer prevention recommendations  as an overarching package
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World Cancer Research Fund International: Diet, Nutrition, Physical Activity and Cancer: a Global Perspective - The Third Expert Report.

London, UK: World Cancer Research Fund International; 2018 Available from: https://www.wcrf.org/dietandcancer

Colorectal Cancer Factors

https://www.wcrf.org/dietandcancer
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World Cancer Research Fund International: Diet, Nutrition, Physical Activity and Cancer: a Global Perspective - The Third Expert Report. London, UK: World Cancer Research Fund International; 2018 

Available from: https://www.wcrf.org/dietandcancer

Pre-menopauseal Breast Cancer factors

Post-menopauseal Breast Cancer factors

https://www.wcrf.org/dietandcancer
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World Cancer Research Fund International: Diet, Nutrition, Physical Activity and Cancer: a Global Perspective - The Third Expert Report.

London, UK: World Cancer Research Fund International; 2018 Available from: https://www.wcrf.org/dietandcancer

Prostate Cancer Factors

https://www.wcrf.org/dietandcancer
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World Cancer Research Fund International: Diet, Nutrition, Physical Activity and Cancer: a Global Perspective - The Third Expert Report. London, UK: World 

Cancer Research Fund International; 2018 Available from: https://www.wcrf.org/dietandcancer

Kidney cancer factors

https://www.wcrf.org/dietandcancer
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Digestive 1
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Digestive 2
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