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Abstract. The 2019 Global Burden of Diseases (GBD) on cancer deaths was a
large comparative risk assessment framework that was used to estimate cancer
burden attributable to behavioural (or so called lifestyle risk factors), environmental,
occupational, and metabolic risk factors. The results of this large worldwide study
(involving data from 200 countries) showed that almost 50% of cancer deaths are
preventable if people reduce these lifestyle risk factors and at the same time promote
a healthy diet and continuous physical and mental activity. Data showed that the
most important modifiable risk factors, such as smoking, drinking excess alcohol, diet
and obesity, are the biggest contributors to premature cancer deaths worldwide.
Researchers of Global Burden of Diseases found that avoidable risk factors (by
modifying certain lifestyle habits) were responsible for nearly 4.5 million cancer
deaths in 2019, representing more than 44% of global cancer deaths that year.
Smoking, excess alcohol use and a high body-mass index (BMI) — which can be
indicative of obesity and unhealthy diets— were the biggest contributors to cancer.
The avoidable global cancer deaths (2019) were estimated at 2.88 million for men
and 1.58 million for women. The difference is due to the fact that males smoke and
drink more than women and work in jobs that expose them to carcinogenic risk
factors. These findings of GBD, were published in The Lancet on 20 August 2022,
largely confirming results from smaller epidemiological and other human disease
studies. The highlights of the report put emphasis on the benefits of reducing these
unhealthy lifestyle habits. Smoking is the most risk factor for cancer. In particular for
lung cancer which is 20-25 times as high in men and women who smoke compared
to those who do not smoke. Advancing age is another very important risk factor for
cancer overall. Unhealthy diets and obesity (less fruit and vegetables, high-energy
and high-fat-red meat diets) increase the risk of a number of cancers. Drinking
excess alcohol can increase risk of cancer of the mouth, throat, esophagus, larynx,
liver, and breast. In the last decades, the increased combustion of fossil fuels for
transport, heating and electricity production in urban areas, resulted in changes to
the atmospheric composition. Air pollution in urban areas include pollutants, such as
carbon monoxide, sulfur dioxide, nitrogen oxides, ozone and suspended particulate
matter (PM2.5 and PM10). Epidemiological data found that long-term exposure to high
concentrations of PM2.5 can increase the cardiovascular disease risk and lung cancer
mortality. Studies suggest that airborne particulate pollution is associated with
increased risk of mortality from, mainly, lung cancer but also for several other types
of cancer, including breast, liver, and pancreatic cancer. A new carcinogenic
mechanism has been proposed for the airborne Particulate Matter (PM) and lung
cancer in the Congress of European Society for Medical Oncology took (Paris,
France, September 2022) from scientists from the Crick Institute (London) and the
University College London, funded by Cancer Research UK.
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Introduction: Global Burden of Disease (GBD) reports
A global study published September 2022, assessed 34 risk factors
for cancer, and found that ―modifiable risk factors‖ accounted for 44.4% of
all cancer deaths in 2019. The Global Burden of Disease (GBD) is a critical
resource for informed policymaking on human health worldwide. The GBD
enterprise dates to the early 1990s, when the World Bank commissioned the
original GBD study and featured it in the landmark ―World Development
Report 1993: Investing in Health‖. The study was co-authored by Dr.
Christopher Murray who went on to become Director of IHME. [*Christopher
J.L. Murray, MD, DPhil, Professor and Chair of Health Metrics Sciences at the
University of Washington, USA, and Director of the Institute for Health Metrics and
Evaluation (IHME)].

This GBD study served as the most comprehensive effort up to that
point to systematically measure the world‘s health problems, generating
estimates for 107 diseases and 483 sequelae (nonfatal health consequences
related to a disease). It covered 8 regions and 5 age groups with estimates
through 1990. For the GBD reports initially collaborated 3,600 specialist
scientists (epidemiologists, mathematicians, health experts) from 145
countries. Their numbers increased to more than 7,000 from 156 countries.

Figure 1. World Bank. 1993. World Development Report 1993: Investing in
Health. New York: Oxford University Press. © World Bank.
https://openknowledge.worldbank.org/handle/10986/5976 License: CC BY
3.0 IGO.
The GBD work was institutionalized at the World Health Organization
(WHO), and the organization continued to update GBD findings. In 1998, the
WHO created a Disease Burden Unit, which generated GBD estimates for
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2000, 2001, and 2002, publishing the estimates in WHO‘s annual World
Health Reports. In 2008, WHO updated the GBD estimates for 2004. By the
time of the GBD 2004 study, the causes of death and disability being studied
had grown to 136. The Global Burden of Disease Study 2013 (GBD 2013)
was published in 2014. The first installment, ―Smoking Prevalence and
Cigarette Consumption in 187 Countries, 1980–2012‖, was published in the
Journal of the American Medical Association (JAMA) and further installments
were published later. The IHME continues to act as the coordinating center for
the work. The Global Burden of Disease Study 2017 (GBD 2017) was
published in October 2018. The GBD 2019 was published in the authoritative
medical journal The Lancet (October 2020).
The Global Burden of Disease (GBD) provided to the broad medical
and policymaker experts a tool to quantify health loss from hundreds of
diseases, injuries, and risk factors. This database is very important for health
systems in various countries because they provide information for
improvements by aligning health systems with the populations they serve.
Policymakers first need to understand the true nature of their country‘s health
challenges – and how those challenges are changing over time. That means
more than just estimating disease prevalence, such as the number of people
with depression or diabetes in a population. To make these results more
accessible and useful, IHME has distilled large amounts of complicated
information into a suite of interactive data visualizations that allow people to
make sense of the over 1 billion data points generated. Data now are
collected and analyzed by more than 7,000 researchers in more than 156
countries and territories. The GBD data estimate premature death and
disability for more than 350 diseases and injuries in 195 countries, by age and
sex, from 1990 to the present, allowing comparisons over time, across age
groups, and among populations.
Cancer (also other terms are malignant tumours or neoplasms) is a
generic term for a large group of diseases (more than 200) that affect some of
human body‘s cells which grow uncontrollably and spread to other parts of the
body. Cancer cells develop because of multiple changes in their genes.
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Cancer is the second leading cause of death worldwide

The world population in 2021 was 7.9 billion. The world fertility rates fall
continuously in developed countries and more quickly in low-income
countries. In the same year, the world population increased by 140 million
people. It is estimated that approximately 60 million people died in 2021
worldwide (including the reported COVID-19 mortality rates).
Globally, cardiovascular diseases (CVDs) are the leading cause of
human deaths. It is estimated that 17.9 million people died from CVDs in
2019, representing 32% of all global deaths. Of these deaths, 85% were due
to heart attack and stroke. Over 75% of CVD deaths take place in low- and
middle-income countries. [https://www.who.int/news-room/fact-sheets/detail/
cardiovascular-diseases-(cvds)#],
The second leading cause of human deaths in the world is cancer.
Cancer is not one type of disease but there are more than 200 different types
of cancer. It is estimated that 50% people in the developed industrial countries
will be tested with some form of cancer in their lifetime. In the last decades
anticancer research discovered innovative anticancer drugs and therapies
that cured cancer patients or prolonged their survival for a long period of time
after were tested positive for a number of malignant neoplasms.

Figure 2. Cancer is a genetic disease. It is caused by changes (accumulation
of mutations) in DNA genes that control the way cells grow and multiply.
There are more than 200 types of cancer diseases. Cancer is characterized
by the development of abnormal cells that divide uncontrollably and have the
ability to infiltrate and destroy normal body tissue.[Cancer research UK].
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According to estimates from the International Agency for Research on
Cancer (IARC, Lyon, France), in 2018 there were 17.0 million new cancer
cases per unit of population

(incidence) and 9.5 million cancer deaths

worldwide. Findings for the year 2019 (analysis of data for worldwide deaths),
estimated 23.6 million new cancer cases (17.2 million when excluding nonmelanoma skin cancer) and 10.0 million [95% uncertainty intervals (UI) 9.3610.6 million] cancer deaths globally.1
Data collected worldwide for 2020 estimated 19.3 million new cancer
cases (18.1 million excluding non-melanoma skin cancer) and almost 10.0
million cancer deaths (9.9 million excluding non-melanoma skin cancer)
occurred in 2020. Female breast cancer has surpassed lung cancer as the
most commonly diagnosed cancer, with an estimated 2.3 million new cases
(11.7%), followed by lung (11.4%), colorectal (10.0 %), prostate (7.3%), and
stomach (5.6%) cancers. Lung cancer remained the leading cause of
premature cancer death, with an estimated 1.8 million deaths (18%), followed
by colorectal (9.4%), liver (8.3%), stomach (7.7%), and female breast (6.9%)
cancers.2
In the next decades, the world will go through demographic changes.
Population aging will be a common demographic pattern in developed
countries, and aging increases the risk of developing cancer. Global cancer
burden is expected to be 28.4 million cases in 2040, a 47% rise from 2020. In
addition to demographic changes, global cancer burden will be further
exacerbated by increasing risk factors associated with globalization,
environmental pollution, climatic changes and exposure to carcinogenic
substances [such as suspended airborne particular matter (PM) in cities and
urban areas with high vehicular traffic].2
The most common detected cancers (incidence) are breast cancer for
women, lung cancer (a leading and deadly type of cancer for men, mostly
smokers), colon and rectum and prostate cancers. Also, all estimates for the
leading causes of cancer found that around 30% of deaths from cancer are
due to tobacco use (active and passive smoking), high body mass index (BMI,
obesity), excess alcohol consumption, unhealthy diet with low fruit and
vegetable intake, and lack of physical activity (obesity). Cancer-causing
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infections, such as human papillomavirus (HPV) and hepatitis, are responsible
for approximately 30% of cancer cases in low- and lower-middle-income
countries.
The most common cancers in 2020 (new detected cases, incidence of
cancer) were: estimates to be 10 million cancer worldwide in 2020.
a.
Breast cancer (women) (2.26 million cases of death);
b.
Lung cancer (2.21 million cases of death);
c.
Colon and rectum cancer (1.93 million cases);
d.
Prostate cancer (1.41 million cases of death);
e.
Skin cancer (non-melanoma) (1.20 million cases);
f.
Stomach cancer (1.09 million cases).
The most common causes of cancer deaths worldwide in 2020 were:
 Lung (1.80 million cases of death);
 Colon and rectum (916 000 death cases);
 Liver (830 000 cases of death);
 Stomach (769 000 cases of death);
 Breast (685 000 cases of death).
Cancer is cured if detected early. Diagnosing cancer before it has the chance
to spread too far means that treatment is more likely to be successful. There
are many and effective anticancer therapies. Almost all women diagnosed
with breast cancer at the earliest stage survive their disease for at least 5
years.

Cancer as a multistage carcinogenesis process
Cancer arises from the transformation of normal cells into tumour cells in a
multi-stage process that generally progresses from a pre-cancerous lesion to
a malignant tumour. Multistage chemical carcinogenesis can be conceptually
divided into 4 stages of carcinogenesis: Initiation, Promotion, Conversion and
Progression. The distinction between initiation and promotion was recognized
through studies involving both viruses and chemical carcinogens.

Figure 3. Multistep process is involved in carcinogenesis that transforms a
normal cell into a malignant tumour.
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The multistage mechanisms of carcinogenesis involve 4 stages.
Initiation, all carcinogens cause cancer upon exposure because most have
different levels of cancer-causing potential and the length of exposure is also
critical. DNA repair enzymes in cells recognize and correct physical damage
in DNA, caused by exposure to carcinogens and reactive oxygen species
(ROS). Anticancer genes act by destroying tumour cells without harming
normal, untransformed cells, by a variety of mechanisms, such as apoptosis,
mitotic catastrophe followed by apoptosis or necrosis, and autophagy.
The next step, Promotion, in the multistep carcinogenesis model is the clonal
expansion of the initiated cells.
Conversion, promoters help speed this process but are not generally
mutagenic so they do not initiate tumorigenesis but speed up the process.
Also, promoters do not need metabolic activation; instead, they work by
reducing

the

latency

period

for

tumour

formation

after

exposure.

Progression, conversion of a preneoplastic cell into one that expresses the
malignant phenotype is malignant conversion and requires more genetic
changes.
Malignancy, common characteristic of malignant cells is genomic instability
and uncontrolled growth.
Epidemiological evidence suggests that the majority of cancers, 90%, are
related to environmental factors, while the remaining 10% due to genetic
inheritance. The term environmental (or extrinsic) factors are predominantly
related to lifestyle factors, including tobacco smoking (including passive
smoking), unhealthy diet and obesity, alcohol consumption, and sunlight
overexposure (UV light). The remainder of cancer cases have been linked to
infection and chemical exposure.
WHO, through its cancer research agency, the International Agency for
Research on Cancer (IARC), maintains a classification of cancer-causing
agents. The incidence of cancer rises dramatically with age, most likely due to
a build-up of risks for specific cancers that increase with age. The overall risk
accumulation is combined with the tendency for special enzymatic cellular
repair mechanisms to be less effective as a person grows older.
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What are the most important risk factors for cancer
In the past there were many disputes among cancer experts as to the
most important cancer risk factors. Epidemiological and clinical data in the last
decades established that the most important risk factors were lifestyle factors
(or behavioural). The most important are tobacco smoking, alcohol
consumption, unhealthy diet with physical inactivity leading to obesity and air
pollution. It must be emphasized that everyone has a certain risk of
developing cancer especially with age. A combination of genes, lifestyle and
environment can affect this risk. [World Health Organization (WHO), Cancer
https://www.who.int/news-room/fact-sheets/detail/cancer# ].
Analysis of statistical data for worldwide cancer incidence and mortality
showed that each risk factor‘s contribution to overall cancer cases and deaths
have been estimated with high accuracy later:3
1.

Cigarette smoking accounted for 19% of all cancer cases and nearly

30% of cancer deaths (including passive smoking).
2.

Excess weight (obesity), low physical activity, and unhealthy diet

contribute substantially to the development of cancer. Obesity was
responsible for 7.8% of cancer cases and 6.5% of deaths. Poor dietary habits
have long been recognized to be associated with cancer risk.
3.

Drinking alcohol was linked to 5.6% of cancer cases and 4% of deaths

4.

UV radiation (Ultrtaviolet) was attributable to almost 5% of cases, but a

lower 1.5% of deaths.
5.

Physical inactivity played into 2.9% of cases and 2.2% of deaths.3
Most cancer risk factors are initially identified in epidemiology studies

with large groups of people and compare those who develop cancer with
those who don't. These studies may show that the people who develop cancer
are more or less likely to behave in certain ways or to be exposed to certain
carcinogenic substances than those who do not develop cancer. When many
studies all point to a similar association between a potential risk factor and an
increased risk of cancer, and when a possible mechanism exists that could
explain how the risk factor could actually cause cancer, scientists can be
more confident about the relationship between the two.
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Cancer experts have produced a list of the 10 most important cancer
risk factors taking into account the most recent statistical data.
1.

Tobacco smoking (including passive smoking)
Tobacco smoking is a leading cause of cancer and premature deaths from

lung cancer. Also, breathing in other people‘s smoke (passive smoking)
increases risk for developing lung cancer. Tobacco smoking causes many
types of cancer, including cancer of the lung, larynx, mouth, esophagus,
throat, bladder, kidney, liver, stomach, pancreas, colon and rectum, and
cervix, as well as acute myeloid leukemia. Smoking causes about 20% of all
cancers (incidence) and about 30% of all cancer deaths in the developed
countries (such as the USA, UK, France, etc). Lung cancer is the leading
cause of cancer death in developing countries.4

The risk of lung cancer is 20-25 times as high in men and women who
smoke compared to those who do not smoke. The risk increases with
increasing number of years smoking and increasing number of cigarettes
smoked. In Europe, smoking causes an estimated 82% of lung cancers.5
2.

The second most important risk factor for cancer is Age.
Advancing age is another very important risk factor for cancer overall,

and for many individual cancer types. According to the most recent statistical
data from (National Cancer Institute) NCI's Surveillance, Epidemiology, and
End Results program, the median age of a cancer diagnosis is 66 years. This
means that 50% of cancer cases occur in people below this age and half in
people above this age. 25% of new cancer cases are diagnosed in people
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aged 65 to 74. [SEER Surveillance, Epidemiology and End Results Program,
USA, 2022, https://seer.cancer.gov/statfacts/html/all.html].
3.

Alcohol consumption and cancer risk
Drinking alcohol can increase your risk of cancer of the mouth, throat,

esophagus, larynx, liver, and breast. Excess alcohol drinking inevitably increases
various cancer risks. The combination of drinking alcohol and tobacco smoking
increase substantially cancer risk. Doctors advise people who drink to do so in
moderate amounts (one drink per day for women and up to two drinks per day

for men). Although red wine contains resveratrol and other antioxidants with
anticancer properties, there is no strong scientific evidence that drinking red wine

reduces the risk of cancer. A recent study found that globally, an estimated
741,300 (95% UI 558, 500–951,200), or 4.1% (3·1–5·3), of all new cases of cancer in
2020 were attributable to alcohol consumption.6

4.

Cancer-Causing Substances. Exposure and risk

There are numerous natural and synthetic chemical carcinogens that
have the potential for causing cancer to humans after prolonged exposure at
high concentrations. Some of these chemicals can cause mutations or genetic
changes in cellular DNA which are replicated during the process of cell
division. Others are the result of environmental exposures (extrinsic factors)
that damage DNA. These exposures may include substances, such as the
chemicals in tobacco smoke, or radiation, such as ultraviolet rays (UV) from
the sun. The IARC has classified natural and synthetic chemicals and factors
as to their potential of carcinogenic activity. Examples of Carcinogenic
substances: Aflatoxins (carcinogens that are produced by certain molds),
Arsenic, Asbestos, Benzene, Benzidine, Beryllium, 1,3-Butadiene, Cadmium,
Coal Tar and Coal-Tar Pitch, etc , etc. Also, work process or occupations:
furniture & cabinet making, iron & steel founding, boot & shoe manufacturing,
rubber manufacturing, etc. IARC classified carcinogens in Group 1
(carcinogens to humans, 122 agents), Group 2A (probably carcinogenic to
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humans, 93 agents), Group 2B (possibly carcinogenic, 319 agents), Group 3
(not classified to its carcinogenicity, 501 agents).7
5.

Chronic Inflammation and cancer risk
Inflammation is a normal physiological response that causes injured

tissue to heal. An inflammatory process starts when chemicals are released
by the damaged tissue. In chronic inflammation, the inflammatory process
may begin even if there is no injury. Over time, chronic inflammation can
cause DNA damage and lead to cancer. People with chronic inflammatory
bowel diseases, such as ulcerative colitis and Crohn disease, have an
increased risk of colon cancer.8
6.

Unhealthy Diet and excess weight-Obesity
A large number of epidemiological studies have looked at the possibility

that specific dietary components or nutrients are associated with increases or
decreases in cancer risk. The foods we eat can affect our risk of developing
certain types of cancer. For example, high-energy and high-fat diets can lead
to obesity and are generally thought to increase the risk of some cancers.
Diets rich in fibre (e.g. wholegrains, pulses, vegetables and fruit) can
protect against bowel cancer (fibre helps to move food more quickly through
the bowel). There is also strong evidence that eating a fibre-rich diet can
protect against weight gain, being overweight and obese, which are linked to
an increased risk of various cancers (colon and rectal cancers are dietrelated cases). Also, many studies observed that vegetables and fruit can
protect against cancers of the mouth, throat and digestive tract. Also,
vegetables and fruit provide the human body with vitamins, minerals and other
substances known as antioxidant phytochemicals, which might help protect
cells in the body from damage (mutations) that may lead to intitiation and
progression of cancer. Antioxidants are natural chemicals in fruit and
vegetables that block the activity of chemicals, known as free radicals, that
may cause oxidative damage to cells and in the nucleus. Laboratory and
animal research has shown that exogenous antioxidants can help prevent the
free radical damage associated with the development of cancer.
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Many epidemiological studies found no association between fruit and
vegetable consumption and risk of various cancers (such as breast cancer).
But more recent results support the evidence that higher intake of fruits and
vegetables, and specifically cruciferous and yellow/orange vegetables, may
reduce the risk of breast cancer, especially those that are more likely to be
aggressive tumours.9
Obesity is a strong driver of cancer risk. Cancer specialists have linked
excess weight-obesity- to higher rates of many cancers. Many studies showed
that increased risk for cancer can be reversed in people who lose substantial
amounts of weight. A new research (Journal of American Medical Assocation,
2022) focused on weight loss through bariatric surgery. The authors of the
study speculated that the benefit would apply to weight loss through other
methods as well, such as diet and exercise or the use of weight loss
medications. The new study followed more than 30,000 adults with obesity for
about a decade. It found that those who underwent weight loss surgery had a
32% lower risk of developing cancer and a 48% lower risk of dying from the
disease, compared with a similar group of people who did not have the
surgery. On average, the people who had weight loss surgery lost about 55
pounds more than those who did not over the course of the study. The
researchers found that the more weight people lost, the more their cancer risk
decreased substantially.10
7.

Hormones and cancer risk
There is a group of female sex hormones, called estrogens, which are

known as human carcinogens. Although these hormones have essential
physiological roles in both females and males, they have also been
associated with an increased risk of certain cancers. There are examples, that
taking combined menopausal hormone therapy (estrogen plus progestin,
which is a synthetic version of the female hormone progesterone) can
increase a woman's risk of breast cancer. Menopausal hormone therapy with
estrogen alone increases the risk of endometrial cancer and is used only in
women who have had a hysterectomy.11
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8.

Immunosuppression
Many people who receive organ transplants take medications to

suppress the immune system so the body won't reject the organ. These
"immunosuppressive" drugs make the immune system less able to detect and
destroy cancer cells or fight off infections that cause cancer. Infection with HIV
also weakens the immune system and increases the risk of certain cancers.
Research has shown that transplant recipients are at increased risk of a large
number of different cancers.12

9.

Infectious Agents and cancer risk
Several viruses are linked with cancer in humans. Scientists have now

advance knowledge of the role of viruses as a cause of cancer and this has
led to the development of vaccines to help prevent certain human cancers.
But these vaccines can only protect against infections if they are given before
the person is exposed to the cancer-promoting virus.13
It was known for many decades that certain infectious agents, including
viruses, bacteria, and parasites, can cause cancer or increase the cancer risk
Some viruses can disrupt signaling that normally keeps cell growth and
proliferation in check. Also, some infections weaken the immune system,
making the body less able to fight off other cancer-causing infections. And
some viruses, bacteria, and parasites also cause chronic inflammation, which
may lead to cancer. The following selected list of virus have been proved to
be responsible for certain types of cancer:
Epstein-Barr virus (EBV), a type of herpes virus, causes certain types of
lymphoma and cancers. The EBV infection increases a person‘s risk of getting
nasopharyngeal cancer and certain types of fast-growing lymphomas such as
Burkitt lymphoma. EBV may also be linked to Hodgkin lymphoma and some
cases of stomach cancer.
Hepatitis B virus and hepatitis C virus (HBV and HCV), Chronic infections
with HBV or HCV can cause liver cancer,
Human papillomaviruses (HPVs), Infection with high-risk types of HPV
cause nearly all cervical cancers,
Human herpes virus 8 (HHV-8), HHV-8, also known as Kaposi sarcoma–
associated herpes virus (KSHV), has been found in nearly all tumours in
patients with Kaposi sarcoma (KS).
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10. Ionizing and non-ionizing radiation
Radiation of certain wavelengths, called ionizing radiation, has enough
energy to damage DNA and cause cancer. Ionizing radiation includes radon
(Radon is a radioactive gas given off by rocks and soil.), x-rays, gamma rays
(γ-rays), and other forms of high-energy radiation (UV). Lower-energy, nonionizing forms of radiation, such as visible light and the energy from cell
phones and electromagnetic fields, do not damage DNA and have not been
found to cause cancer. The sun, sunlamps, and tanning booths all give off
ultraviolet (UV) radiation. Exposure to UV radiation causes early aging of the
skin and skin damage that can lead to skin cancer. People of all ages and skin
tones should limit the amount of time they spend in the sun, and avoid other sources
of UV radiation, such as tanning beds.14

All scientific evidence and epidemiological data showed that nearly 50%
of cancer deaths worldwide are caused by preventable risk factors. People
must be informed by the vigorous anticancer campaigns initiated by many
national; and international medical authorities. First, they should change their
unhealthy lifestyle habits. Stop smoking and drinking alcohol (only moderate
amounts), reduce obesity and eat a healthy diet (fruit, vegetables, olive oil, a
fibre-rich diet, less animal fat, less meat, salt and sugar), and take vigorous exercise.

Figure 4. Prevention and early detection of cancer are more important than
ever — and are proven, effective strategies to lower cancer cases and
premature deaths from various types of malignant neoplasms. We know that
50% of cancer deaths are preventable by changing unhealthy lifestyle habits.
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The 2019 Global Burden of Diseases (GBD) on cancer deaths used estimates

of cancer cases and deaths from more than 200 countries. Researchers found
that avoidable risk factors were responsible for nearly 4.5 million cancer
deaths in 2019. That represents more than 44% of global cancer deaths (~10
million) that year. Smoking, alcohol use, unhealthy diet, and a high body-mass
index (BMI) — which can be indicative of obesity — were the biggest
contributors (risk factors) to cancer.

The latest GBD report confirms that almost half of cancer
deaths worldwide are preventable
On the 31 August 2022, the prestigious journal Nature, in its news
section (reporter Giorgia Gugliemi) announced the results of GBD 2019.
―Almost half of cancer deaths are preventable.‖ Data show that smoking,
drinking alcohol and obesity are the biggest contributors to cancer worldwide.
The report based the information on the study, ―Global Burden of
Diseases 2019‖, linking cancer burden and carcinogenic risk factors which
was published in The Lancet [Global Burden of Disease (GBD) 2019 Cancer
Risk Factors Collaborators. The global burden of cancer attributable to risk
factors, 2010–19: a systematic analysis for the Global Burden of Disease
Study 2019. The Lancet 400 (10352):563-591, 2022., 20-26 August 2022].
―….Using estimates of cancer cases and deaths from more than 200
countries, researchers (of GBD) found that avoidable risk factors were
responsible for nearly 4.5 million cancer deaths in 2019. That represents more
than 44% of global cancer deaths that year. Smoking, alcohol use and a high
body-mass index (BMI) — which can be indicative of obesity — were the
biggest contributors to cancer….‖
―…..The avoidable global cancer deaths (2019) were (estimated) 2.88
million for men and 1.58 million for women, because males smoke and drink
more than women and work in jobs that expose then to carcinogenic risk
factors. These findings, were published in The Lancet on 20 August 2022,
largely confirm results from smaller studies and highlight how reducing
exposure to risk factors could help to prevent a substantial proportion of
cancers…‖,
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―….The true number of cancer cases and deaths worldwide is hard to
pin down, because some countries do not record such data, says study colead author Justin Lang, an epidemiologist at the Public Health Agency of
Canada in Ottawa. To overcome this, Lang and his colleagues used data from
a study looking at death and disability from more than 350 diseases and
injuries in 204 countries. From those data, they estimated the impact of 34
risk factors on poor health and deaths from 23 types of cancer….‖.
―….The cancers caused by preventable risk factors (in men and
women) are: Tracheal, bronchus and lung cancer (percentage of cancer
deaths) 36.9%, Colon and rectum cancer 14.2%, Oesophageal cancer 7.6%,
Cervical cancer 6.3%, Liver cancer 5.7%, Stomach cancer 5.2%, breast
cancer 4%, pancreatic cancer 3.9%....‖ (data from the report GBD 2019).
These preventable cancer deaths are 50% of all cancer in male deaths
and more than 1/3 cancer deaths in women. Prevention is effective by
smoking cessation, less alcohol drinking, reduction of unhealthy diets,
avoidance of unsafe sex (this risk factor used as a proxy for cancer risks
associated with human papillomavirus-HPV and other sexually transmitted viruses.
Cervical cancer, which is caused by certain strains of HPV, is the leading cause of
cancer deaths among women in sub-Saharan Africa), and protection from

workplace exposure to carcinogens (e.g. asbestos, benzene, etc).
―….Smoke-free policies, increased taxes on tobacco and advertising
bans have proved effective in diminishing exposure to smoking, and similar
efforts have been recommended (in many countries) to help reduce excess
alcohol use. …..― [60 countries are in 2021 on track to achieving the voluntary
global target of a 30% reduction in tobacco use between 2010 and 2025].

An additional cancer risk factor: Air pollution
From the 1960s, scientists studying the carcinogenic effects of air
pollution by airborne fine Particular Matter (PM2.5, PM10) found a positive
association with oxidative stress to lung tissues and the potential for
carcinogenic initiation.16,17,18
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Suspended fine airborne particles with 2.5 and 10 microns (μm= 10-6 m)
or less in diameter can penetrate in the human lungs. When PM are breathed
penetrate deep into the lungs causing a number of health impacts ranging
from irritation, coughing, wheezing, asthma attacks (high concentration) and
bronchitis.

Figure 5. Among air pollutants, the current focus is mainly given on particulate
matter (PM) in the two size fractions PM2.5 and PM10. Ambient PM2.5 and

PM10 pollutions are prospectively associated with a significantly increased
risk of lung cancer mortality. Ambient particulate matter (PM) pollution was
listed as 1 of the 10 leading risk factors for the global burden of disease in
2010 [Lim SS, Vos T, Flaxman AD, et al.. A comparative risk assessment of
burden of disease and injury attributable to 67 risk factors and risk factor
clusters in 21 regions, 1990-2010: a systematic analysis for the Global Burden
of Disease Study 2010, Lancet 380: 2224-2260, 2012.].

Also ambient PM can cause high blood pressure, heart attack, strokes
and for prolonged exposure premature death. Epidemiological studies showed
that PMs cause cardiovascular and respiratory disease, and long-term
exposures in cities or urban areas with high traffic, lung cancer.
It is no surprise that scientists in the past decades identified cases,
where air pollution has been linked to lung cancer with long-term exposure to
PM. Studies suggest that pollution is also associated with increased risk of
mortality for several other types of cancer, including breast, liver, and
pancreatic cancer.
Fine particulate and sulfur oxide--related pollution were associated with
all-cause, lung cancer, and cardiopulmonary mortality. Each 10-microg/m3
elevation in fine particulate air pollution was associated with approximately a
17

4%, 6%, and 8% increased risk of all-cause, cardiopulmonary, and lung
cancer mortality, respectively.19 The same study collected more results for 25
years from cohort studies for excess mortality and air pollution. Metaestimates indicated that PM2.5 is associated with all-cause, cardiopulmonary
and lung cancer mortality.20
A combined study in Hong Kong studied long-term exposure to
ambient fine particulate matter (PM) (from pollutants of transportation and
power generation) with aerodynamic diameter of less than 2.5 μm.
Researchers enrolled 66,280 residents of Hong Kong, all of whom were age
65 or older when initially recruited between 1998 and 2001. The researchers
followed the study subjects until 2011, ascertaining causes of death from
Hong Kong registrations. After adjusting for smoking status and excluding
deaths that had occurred within 3 years of the baseline to control for competing
diseases, the study showed that for every 10 microgram per cubic meter (µg/m 3)
of increased exposure to PM , risk of dying from any cancer rose by 22%. For
2.5

cancers of the upper digestive tract, the mortality risk was 42% higher. For
cancers of the accessory digestive organs, which include the liver, bile ducts, gall
bladder, and pancreas, the mortality risk was 35% higher. For breast cancer, the
mortality risk was 80% higher. For lung cancer, the mortality risk was 36%
percent higher.21

A comparative study in 2013 investigated PM pollution and lung cancer
incidence in 17 European cohorts. The meta-analyses showed a statistically
significant association between risk for lung cancer and PM10 (hazard ratio
[HR] 1·22 [95% CI 1·03-1·45] per 10 μg/m(3)). For PM2·5 the HR was 1·18
(0·96-1·46) per 5 μg/m3). The same increments of PM10 and PM2·5 were
associated with HRs for adenocarcinomas of the lung of 1·51 and 1·55
respectively.22
A recent systematic meta-analysis (2021) collected 15 studies that
reported risk estimates of lung cancer for exposure to PM2.5 and PM10
adjusted for tobacco smoking and socioeconomic status, and conducted a
meta-analysis based on random-effects models, including stratification by
outcome, sex, country, tobacco smoking, and age. A higher risk was
suggested in studies based on lung cancer mortality. In conclusion the meta18

analysis supported the hypothesis of an association between exposure to
PM2.5 or PM10 and risk of lung cancer.23

Airborne particulate matter: composition and size, cytotoxic
and carcinogenic potential
In the past decades, studies highlighted the role of ambient airborne
particulate matter (PM) as important environmental hazardous pollutants for
cardiopulmonary diseases and lung cancer. Epidemiological studies found a
strong exposure-response relationship between PM for short-term effects
(premature mortality, hospital admissions) and long-term or cumulative health
effects

(morbidity,

lung

cancer,

cardiovascular

and

cardiopulmonary

diseases). Several independent groups of investigators have shown that the
size of the airborne particles and their surface area determine the potential to
elicit inflammatory injury, oxidative damage, and other biological effects.
These effects are stronger for fine and ultrafine particles because they can
penetrate deeper into the airways of the respiratory tract and can reach the
alveoli in which 50% are retained in the lung parenchyma. The major
components of PM are transition metals (Fe, Cr, Ni, etc) , ions (sulfate,
nitrate), organic compound (polycyclic aromatic hydrocarbons), quinoid stable
radicals of carbonaceous material, minerals, reactive gases, etc. Results from
toxicological research have shown that PM have several mechanisms of
adverse cellular cytotoxicity through oxidative stress mechanisms, oxygenfree radical-generating activity, DNA oxidative damage, mutagenicity, and
stimulation of proinflammatory factors. In general, the smaller the size of PM
the higher the toxicity through mechanisms of oxidative stress and
inflammation. Also, studies showed that the extractable organic compounds
(with mutagenic and cytotoxic properties) contribute to various mechanisms of
cytotoxicity. The water-soluble faction of transition metals with redox potential,
play an important role in the initiation of oxidative DNA damage and
membrane lipid peroxidation. Associations between chemical compositions
and particle toxicity tend to be stronger for the fine and ultrafine PM size
fractions (vehicular exhaust particles). The cytotoxic and carcinogenic
19

mechanisms of PM in the lungs are thought to be most responsible for lung
cancer.24
All these toxicological facts are mostly supported by recent studies that
showed that genotoxic and toxicological mechanisms by PM are associated
with types of DNA damage leading to lung cancer, which is the exposed organ
to breathable PM in urban areas. Scientific evidence supports that PM
exposure mainly causes oxidative stress by reactive oxygen species (ROS)
and the formation of DNA adducts, specifically by polycyclic aromatic
hydrocarbons (PAH). PM exposure also induces double-strand breaks (DSBs)
and deregulates the expression of some proteins in DNA repair pathways
(base and nucleotide excision repairs and homologous repair). Furthermore,
specific polymorphisms of DNA repair genes could lead to an adverse
response in subjects exposed to PM. Nevertheless, information about the
effects of PM on DNA repair pathways is still limited, and it has not been
possible to conclude which pathways are the most affected by exposure to
PM or if DNA damage is repaired properly. Therefore, deepening the study of
genotoxic damage and alterations of DNA repair pathways is needed for a
more precise understanding of the carcinogenic mechanism of PM.25
World Health Organization (WHO) estimates that air pollution causes
approximately 4.2 million premature deaths worldwide annually, and
Particulate Matter (PM) is considered the main pollutant associated with the
impact on premature population health. Also, long-term exposure to PM is
linked to an increase in mortality and the incidence of lung cancer.26
The IARC (International Agency for Research on Cancer, Lyon,
France) collected numerous studies for the carcinogenic evidence of airborne
PM of humans and experimental animals. Also, research papers on
carcinogenic mechanistic evidence for airborne PM. In 2013 IARC classified
both outdoor air pollution and PM in outdoor air pollution as Group 1 human
carcinogens

for

lung

cancer.27

The

IARC

evaluation

used

large

epidemiological studies on the general population and cohort studies with
quantitative data on long-term estimates of outdoor air pollution exposure,
including the large-scale American Cancer Society (ACS) Cancer Prevention
Study-II (CPS-II) and the European Study of Cohorts for Air Pollution Effects
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(ESCAPE), were particularly informative in their evaluation with a broad range
of exposures considered and detailed information on potential confounders,
notably cigarette smoking.28,29
In 2014, a meta-analysis research paper collected data from 14 studies
of outdoor PM air pollution, conducted largely in North America and Europe,
and its association with increased risk for lung cancer. The results showed
that there is a statistically significant 9% (95% CI, 4%-14%) increase in risk for
lung cancer incidence or mortality per each 10 µg/m3 increase in PM2.5
concentrations. In 9 studies there were data for exposure to PM10. These
results showed an 8% (95% CI, 0%-17%) increase in lung cancer risk per 10
µg/m3 of airborne particulate matter (PM10).30

A new mechanism for airborne PM may trigger lung cancer?
In September 2022 the Congress of European Society for Medical
Oncology (ESMO) took place in Paris, France.31 Scientists from the Crick
Institute (London) and the University College London, funded by Cancer
Research UK, proposed a new mechanism (that has been identified by
research) through which small airborne particular matter (PM10 and PM2.5)
may trigger lung cancer in people who have never smoked. Scientists focused
their research on fine and superfine particles emitted in vehicle exhaust and
smoke from fossil fuels, which are associated with non-small cell lung cancer
risk, accounting for over 250,000 lung cancer deaths globally per year.32,33
The risk of lung cancer from airborne PM air pollution is lower than
from smoking. But on a global scale more people live in big cities and larger
numbers are exposed to unsafe levels of PM air pollution than to toxic
chemicals in cigarette smoke. The results of this research were presented by
Prof. Charles Swanton, the Francis Crick Institute and Cancer Research UK
Chief Clinician, London, UK. The new findings are based on human and
laboratory research on mutations in a gene called EGFR which are seen in
about half of people with lung cancer who have never smoked. In a study of
nearly half a million people living in England, South Korea and Taiwan,
exposure to increasing concentrations of airborne particulate matter (PM) 2.5
21

micrometres (μm) in diameter was linked to increased risk of non-small cell
lung cancer with EGFR mutations. Laboratory experiments (Francis Crick
Institute) showed that the same air pollutants PM2.5 promoted rapid changes
in airway cells which had mutations in EGFR and in another gene linked to
lung cancer called KRAS. These mutations drive the mechanism towards a
cancer stem cell like state. Also, scientists found that PM air pollution drives
the influx of macrophages which release the inflammatory mediator,
interleukin-1β, driving the expansion of cells with the EGFR mutations in
response to exposure to PM2.5, and that blockade of interleukin-1β inhibited
lung cancer initiation. The new findings are based on human and laboratory
research on mutations in gene EGFR which are seen in about half of people
with lung cancer who have never smoked.. Research showed that when lung
cells with these mutations were exposed to PM air pollutants more cancers
occurred more quickly than when lung cells with these mutations were not
exposed to pollutants, suggesting that air pollution promotes the initiation of
lung cancer in cells harbouring driver gene mutations.34,35

Conclusions
Cancer is the second leading cause of death worldwide (after
cardiovascular diseases). The growing burden of cancer globally causes
substantial financial and manpower pressure on medical facilities and medical
staff worldwide. Prevention is better than anticancer therapies, but it will
require new knowledge on cancer causes and risks and comprehensive
measures that incorporate both curative and preventive interventions. The
latest results from the Global Burden of Diseases, Injuries, and Risk Factors
Study (GBD) 2019 will become a very important basis to inform cancer control
planning efforts globally. The GBD 2019 comparative risk assessment
framework was used to estimate cancer burden attributable to behavioural,
environmental and occupational, and metabolic risk factors.
The leading risk factors at the most detailed level globally for riskattributable cancer deaths in 2019 for both sexes combined were smoking,
excess alcohol use and obesity with unhealthy diet. Risk-attributable cancer
22

burden varied by world region with smoking, obesity, unsafe sex, and alcohol
use being the leading risk factors for risk-attributable cancer.
Although some types of cancer are not very easy to cure, the GBD
study found that almost half of cancer deaths are preventable. Cancers that
are caused by modifiable lifestyle risk factors, such as smoking, obesity and
excess alcohol use, can be prevented by almost 50% with changing
hazardous lifestyle habits. Namely, the three most important cancer causing
behaviours, smoking cessation (active and passive smoking), reduction of
obesity with healthy diet and physical activity and reduction of alcohol use.
Primary prevention (limit exposure to carcinogens and reduction of
lifestyle habits with cancer potential) of a cancer developing is a particularly
cost-effective strategy. Also, secondary prevention initiatives, such as
screening programmes, and ensuring effective capacity to diagnose and treat
those with cancer, are also very important. Cancer prevention strategies to
modify cancer risk factors must involve lifestyle interventions and medical
interventions which include chemoprevention and vaccines.
The growing global burden of cancer is rapidly exceeding the current
cancer control capacity. More than 19 million new cancer cases were
diagnosed in 2020 worldwide, and 10 million people died of cancer. By 2040,
that burden is expected to increase to around 30 million new cancer cases
annually and 16 million deaths from cancer according to the Global Cancer
Observatory. [Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 71: 209-249, 2021. ]
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