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FOREWORD

Cancer Risk Factors im Ontario: Evidence Summary is the first report in our Cancer Risk
Factors in Ontario series, which supports one of Cancer Care Ontario’s key priorities to reduce
chronic disease through prevention.

It builds on the work described in the report we released in partnership with Public Health
Ontario in 2012, called Taking Action to Prevent Chronic Disease, which provided advice to the
Ontario government. This document reflects a commitment to the widespread implementation of
population-based interventions by addressing four common risk factors—tobacco, alcohol, physical
inactivity and unhealthy diet—shared by cancer and other chronic diseases.

Cancer Risk Factors im Ontario: Evidence Summary goes a step further by providing a
summary of the epidemiologic evidence for a wider range of cancer risk factors important to
Ontarians. The unusually large breadth of risk factor domains explored in this report spans more
than just behavioural, occupational and environmental risks; it also reviews infectious agents,
genetic predispositions, medical conditions and treatments, and reproductive and hormonal
factors that are central to breast and gynecological cancers.

We have relied on respected expert panels for assessments of evidence strength wherever possible,
and supplemented with findings from large meta-analyses, reviews and prospective studies, many
of which have been very large national cohort studies or international collaborations.

It is our intent that this report will serve as a valuable reference and foundation for future
prevention efforts, especially for planning and reporting on cancer prevention actions. To ensure
that it is user-friendly, we have showcased information in many forms and at many different
levels, and provided a glossary and extensive referencing so that readers can pursue in more
detail specific areas of interest. Users can also download the complete report or individual
sections that are relevant to their needs.

Subsequent Cancer Risk Factors in Ontario reports will focus on individual risk factor domains
and, where possible, provide prevalence estimates of these factors or highlight gaps in data on

cancer risk factors in Ontario.

Linda Rabeneck, MD, MPH, FRCPC
Vice President, Prevention and Cancer Control
Cancer Care Ontario
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INTRODUCTION

Cancer Risk Factors in Ontario: Evidence Summary summarizes the epidemiologic
evidence linking risk factors to various types of cancer. A wide range of risk factor domains

is addressed here (see table on page 6), including not only those traditionally considered
modifiable, such as tobacco use, but also those usually considered non-modifiable, such as
reproductive factors. The epidemiologic evidence for these domains is addressed in short
summary chapters, each of which can stand alone and contains a summary table linking risk
factors/exposures and cancers, followed by more detailed text. Shaded boxes in many chapters
give definitional and measurement information. Users are referred to the extensive bibliography
for further detail on specific cancer-risk factor associations.

This report includes only associations between risk factors and cancer types judged causal or
probably causal by large expert panel reviews and/or systematic analyses. Classifications of
strength of evidence have been adopted from two respected expert panels. The occupational
and environmental risk factors, as well as several others, are classified by the International
Agency for Research on Cancer (IARC) as carcinogenic?® (Group 1) to humans. IARC describes
well-established cawsal relationships in humans as “sufficient,” and probable relationships as
“limited”; the World Cancer Research Fund/American Institute for Cancer Research (WCRF/
AICR) expert panel report uses the terms “convincing” and “probable” for these two categories.
A full description of the rating system applied by each expert panel and the associated criteria
can be found in Appendix A.

This report does not include risk factors/exposures or associations between risk factors/
exposures and cancer sites described as “possible” or those that have not yet achieved strong
enough levels of evidence (e.g., radiofrequency electromagnetic fields from wireless phone use).

Cancer Risk Factors in Ontario: Evidence Summary follows the publication of our
surveillance report, Cancer in Ontario: Overview, which demonstrated the substantial
burden of cancer on the health of Ontarians. The next Cancer Risk Factors in Ontario series
report will focus on tobacco use, followed by a report on alcohol use.

*Terms in blue are defined in the glossary
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Table. Risk factors included in the Cancer Risk Factors in Ontario report series

Risk factor domain

Description

Tobacco use

Active smoking, second-hand smoke, preconception/pregnancy exposure, smokeless
tobacco

Alcoholic drinks

Alcoholic beverage consumption

Diet

Red meat, processed meat, salt and salty/salted foods, dietary fibre, vegetables and fruit

Body composition

Body fatness, abdominal fatness, adult weight gain, adult attained height

Physical activity

Physical activity

Reproductive and hormonal factors (female)

Parity, breastfeeding, age at first birth, age at menarche, age at menopause, oral
contraceptive use, hormone replacement therapy for menopause

Ultraviolet (UV) radiation

Solar ultraviolet radiation, UV-emitting indoor tanning devices

Other radiation

Radon-222 and its decay products, X- and gamma radiation

Dusts and fibres

Asbestos (all forms), silica dust (crystalline), wood dust

Metals

Arsenic and inorganic arsenic compounds, nickel compounds, beryllium and beryllium
compounds, cadmium and cadmium compounds, chromium (VI) and chromium
compounds

Industrial chemicals

Acid mists (strong, inorganic), benzene, 1,3-butadiene, formaldehyde, mineral oils
(untreated or mildly treated)

Complex mixtures

Diesel engine exhaust, polycyclic aromatic hydrocarbons (PAHs), particulate matter
< 2.5 um in diameter (PM,5)

Infectious agents

Epstein-Barr virus, hepatitis B virus, hepatitis C virus, human herpes virus 8, human
immunodeficiency virus type 1, human papillomavirus, human T-cell lymphotrophic virus type 1,
Helicobacter pylori, liver flukes, schistosomes

Genetic susceptibility

Major familial susceptibility syndromes for cancers of the breast, ovary, colon and rectum and
prostate as well as for leukemia/lymphoma and pediatric cancers

Medical conditions and treatments

Inflammatory and autoimmune conditions, diabetes, gastroesophageal reflux disease and
Barrett esophagus, cryptorchidism, benign breast disease, medical radiation (therapy and
diagnostics), antineoplastic drugs, other medications

Cancer Risk Factors in Ontario: Evidence Summary



TOBACCO USE

Risk factor/exposure Cancer Direction of  Magnitude of Strength of
association  risk* evidence®

Active smoking Oral cavity and pharynx T 3.4-6.8°

Nasopharynx, nasal cavity and paranasal sinuses ) 2.0°

Esophagus ) 2.5°

Stomach ) 1.53-1.65"

Colon and rectum T 1.07-1.20%4

Liver ) 1.5-1.6°"

Pancreas 0 1.7° Sufficient

Larynx T 7.0°

Lung 0 9.0°

Cervix ) 1.8

Ovary?* T 2.1

Kidney, bladder, other urinary® ) 1.5-2.8°

Leukemia, myeloid T 1.09°

Endometrium J 0.5-0.7°

Female breast T Limited
Second-hand smoke Lung ) 1.2-1.4% Sufficient

Pharynx ) -

Laryr)llx 1 Limited
Preconception/ Hepatoblastoma ) 1.86-4.74" Sufficient
pregnancy exposure Childhood leukemia" 0 Limited
Smokeless tobacco Oral cavity ) 1.36-1.80"

Esophagus T 1.13-1.60" Sufficient

Pancreas T 1.07-1.60"

Sources: *IARC, 2012; *Gandini et al., 2008 ; ‘Ladeiras-Lopes et al., 2008; ‘Botteri et al., 2008; Tsoi et al., 2009; ‘Liang et al., 2009; *Huxley et al., 2009; "Lee et al., 2009;
Jordan etal., 2006 ; 1ARC, 2004; “Taylor et al., 2007; 'Stayner et al., 2007; "Pang et al 2003; "Boffetta et al., 2008; °Lee et al., 2008

*Relative risk (RR) comparing current cigarette smokers to (lifetime) never-smokers, never-smokers exposed to second-hand smoke to never-smokers not exposed to

second-hand smoke, or ever-users of smokeless tobacco (oral use) to never-users.
... Magnitude of risk not shown in table if strength of evidence is “probable” or “limited.”

't Tobacco acts as a co-factor with human papillomavirus (HPV) infection.
+ Association is restricted to cancers with a mucinous morphology.

§ Tobacco is a cause of cancers of both the body and pelvis of the kidney; other urinary includes ureter.

"Association is most apparent for acute lymphocytic leukemia in offspring of parents who smoked during preconception and/or pregnancy.

Cancer Risk Factors in Ontario: Evidence Summary

7



8

ACTIVE SMOKING

Background
» Tobacco use is the largest cause of cancer worldwide.!

» Cigarettes (manufactured, hand-rolled, filtered, un-filtered, and flavoured) are the
main form of tobacco smoked worldwide; other types of smoked tobacco products
include cigars and pipes.!

» Tobacco smoke contains over 70 known carcinogens, including polycyclic aromatic
hydrocarbons (PAHs), N-nitrosamines, aromatic amines, aldehydes, phenols, volatile
hydrocarbons, other organics and inorganic compounds.*

Tobacco smoke is a multi-organ carcinogen (Group 1). There is sufficient evidence that
tobacco smoking causes cancers of the oral cavity and pharynx, nasopharynx, nasal
cavity and paranasal sinuses, esophagus, stomach, colon and rectum, liver, pancreas,
larynx, lung, cervix, ovary, kidney, bladder and other urinary (including ureter) and
bone marrow (myeloid leukemia). Tobacco smoking is inversely related to endometrial
cancer risk.!

According to the International Agency for Research on Cancer (IARC), limited evidence
suggests a causal association between active tobacco smoking and female breast cancer,’
although several other consensus reviews have drawn different conclusions.'**

Tobacco smoking is most strongly related to cancers of the respiratory tract, particularly
of the lung, larynx and upper digestive tract. A recent meta-analysis reported that
current smokers have an approximately 7 times greater risk of laryngeal cancer and

a 9 times greater risk of lung cancer than never-smokers,” although lung cancer risk

has been estimated in some studies to be as much as 20 times greater among smokers
than lifetime never-smokers. The tobacco smoke-related risk of upper digestive tract
cancers (i.e., oral cavity, nasopharynx, hypopharynx, pharynx, esophagus) associated
with tobacco smoke is approximately 3.6 times greater among current smokers.®? Tobacco
smoking increases the risk of colorectal cancer by 7%-20% .7

Most cancer sites show a strong positive dose-response relationship, with cancer risk
increasing with both intensity (e.g., number of cigarettes per day) and duration of
smoking.! For lung cancer, smoking duration appears to be a stronger determinant of risk
than intensity.®

Actively smoking cigars and pipes is also causally associated with higher risk of cancers
of the lung, upper aerodigestive tract (i.e., oral cavity, pharynx, larynx), esophagus,
pancreas, stomach and bladder.

Quitting smoking reduces the risk of tobacco-related cancers, compared to not quitting.
Risk generally decreases with both increasing time since cessation and decreasing

age at cessation. For some cancers, such as lung and laryngeal, risk declines rapidly,!!
while for others, such as esophageal cancer, risk reductions only occur many years after
cessation.'?

For some cancers, particularly those of the oral cavity, pharynx, larynx and esophagus
(squamous cell carcinoma),"'® there is a synergistic interaction between tobacco smoking
and alcohol consumption, whereby the increased risk for these cancers associated with
tobacco is greater in people who drink alcohol than in non-drinkers.

Cancer Risk Factors in Ontario: Evidence Summary



e Tobacco smoking also interacts synergistically with radon exposure to influence lung
cancer risk; the increased risk of lung cancer among smokers is substantially higher
among those who smoke and are exposed to radon than those without radon exposure.b

e [n addition, an interaction between tobacco smoking and infectious agents is likely.
A recent meta-analysis concluded that tobacco smoke seems to interact with both
hepatitis B and C infections to influence liver cancer risk, with risk particularly high
among smokers.” For cervical cancer, tobacco smoke acts as a co-factor with human
papillomavirus (HPV) infection.!

e Potential gene-tobacco smoke interactions that could influence susceptibility to tobacco-
related cancers remain largely unclear. The strongest evidence of an interaction is for
a variant of the N-acetyltransferase gene (NAT2) in bladder and breast cancer risk and
for the GTSM1 gene variant alone or in combination with the CYP1A1 variant in lung
cancer.!

SECOND-HAND SMOKE
Background

» Second-hand smoke (also known as involuntary or passive smoking, or environmental
tobacco smoke) consists of sidestream smoke (released from the burning tip of a
cigarette between puffs) and mainstream smoke (released from the mouth end of a
cigarette during smoking) exhaled by the smoker.!

» Second-hand smoke has a similar composition as mainstream smoke that is actively
inhaled, but the concentration of individual chemicals and compounds differs.

» Second-hand smoke exposure can occur in all places where smoking is present (e.g.,
the home, workplace, bars, restaurants, public buildings and other public spaces).

e There is sufficient evidence that second-hand smoke exposure causes lung cancer.!
Limited evidence also suggests an association between second-hand smoke and cancers
of the larynx and pharynx.!

e Several meta-analyses have demonstrated a 20%—-40% increased risk of lung cancer
among non-smoking adults exposed to second-hand smoke at home or work %1617
Emerging evidence suggests that exposure to second-hand smoke during childhood may
also increase the risk of lung cancer in adulthood.!

e For lung cancer, evidence of a positive dose-response exists for both duration and
intensity of exposure to second-hand tobacco smoke.f

e Few studies have examined the possible association between second-hand smoke
exposure and cancers of the upper aerodigestive tract but the risk of laryngeal and
pharyngeal cancer may be increased in response to long duration (>15 years) of
exposure to second-hand smoke at home and/or work.'

Cancer Risk Factors in Ontario: Evidence Summary
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PRECONCEPTION/PREGNANCY EXPOSURE

There is now sufficient evidence that parental tobacco smoking (by the father and/or
mother during the preconception period and during pregnancy) causes hepatoblastoma,
a rare embryonic cancer."? Parental tobacco smoking has also been associated with
increased risk of childhood leukemia (particularly acute lymphocytic leukemia).!

SMOKELESS TOBACCO

Background

» Smokeless tobacco products are tobacco products that are consumed without
burning, including products intended for oral use that are placed in the mouth and
are sucked (dipped), chewed, gargled or applied to the gums or teeth, and products
inhaled through the nasal passages.!

» Smokeless tobacco products most commonly used in North America include chewing
tobacco and snuff.?

» Smokeless tobacco products contain multiple carcinogens, including tobacco-specific
N-nitrosamines, N-nitrosamino acids, volatile N-nitrosamines, polycyclic aromatic
hydrocarbons (PAHSs), formaldehyde and acetaldehyde.!

Smokeless tobacco (e.g., chewing tobacco, snuff, snus) causes cancer of the oral cavity,
esophagus and pancreas.!

Smokeless tobacco increases the risk of oral cancer by approximately 36%—80%2">! after
adjusting for tobacco smoking. Smokeless tobacco-related oral cancers generally appear
to occur more frequently in areas directly in contact with tobacco, including the gums
and buccal mucosa.?

BIOLOGIC MECHANISMS

Tobacco smoke may induce cancer through several mechanisms when ingested (either
directly through tobacco smoke or indirectly by dissolving in saliva):?

o Tobacco carcinogens can form DNA adducts, which can lead to DNA damage.

o Nicotine and tobacco-specific nitrosamines (e.g., 4-[methylnitrosamino]-1-[3-pyridyl]-
1-butanone [NNK]) may activate signal transduction pathways and allow damaged
epithelial cells, which would normally die, to survive.

o Co-carcinogens and tumour promoters in tobacco smoke can lead to methylation
of key tumour suppressor genes, interfering with mechanisms that regulate
normal cell growth.

Smokeless tobacco may induce cancer through tobacco-specific nitrosamines such as
N’-nitrosonornicotine (NNN) and NNK, which are considered “carcinogenic to humans.”
Once ingested by smokeless tobacco users, these may form DNA adducts and/or interfere
with signal transduction pathways.?

Cancer Risk Factors in Ontario: Evidence Summary



ALCOHOLIC DRINKS

Risk factor/exposure Cancer Direction of  Magnitude of Strength of
association  risk* evidence®

Alcohol consumption Oral cavity and pharynx ) 1.75-1.86"¢

Esophagus T 1.4-1.5%

Colon and rectum T 1.18-1.20¢ Sufficient

Larynx T 1.38—1.43%

Breast ) 1.25-1.31

Liver ) 1.18-1.19%

Pancreas T Limited

Sources: *IARC, 2012; *Bagnardi et al., 2001; “Corrao et al., 2004; Fedirko et al., 2011

“Relative risk (RR) estimate comparing 25 g/day (approximately two drinks) of alcohol intake to non-drinking.
... Magnitude of risk not shown in table if strength of evidence is “probable” or “limited.”
T Association is primarily restricted to squamous cell carcinoma. The association, if any, with adenocarcinoma is weak.

Background

» Alcoholic beverages contain ethanol (commonly referred to as alcohol) produced
through the fermentation of sugars by yeasts.

» Beers, wines and spirits are the most common alcoholic drinks commercially produced;
other alcoholic beverages, such as fermented milks, fermented honey-water (mead)
and fermented apples (cider), may be particularly important in some populations or
geographic areas.?*

» Alcohol content differs among types of alcoholic drinks, usually ranging from 3%—7% in
beers, 9%-15% in wines and 35%—50% in spirits or liquors.*

» Standard serving sizes for alcoholic beverages vary among countries but one drink
usually contains 12—15 g of alcohol.?* In Canada, one standard drink is usually defined
as: a 341 ml or 12 oz bottle of regular strength beer (5%), a 142 ml or 5 oz glass of wine
(12%), or a 43 ml or 1.5 oz shot of distilled liquor.?®

e Alcoholic beverages have been classified by the International Agency for Research on
Cancer (IARCO) as carcinogenic to humans (Group 1), causing cancers of the oral cavity,
pharynx, larynx, esophagus (primarily squamous cell carcinoma), colon and rectum, female
breast, and liver.}?* There is limited evidence that alcohol consumption may also cause
cancer of the pancreas.!

e Meta-analyses have estimated that compared to non-drinkers, people who drink 25 g
(~ 2 drinks) of alcohol/day have a 756%—-86% increased risk of cancers of the oral cavity
and pharynx, a 40%-50% increased risk of esophageal cancer, a roughly 40% increased risk
of laryngeal cancer, a 25%-31% increased risk of breast cancer, and a roughly 20% greater
risk of colorectal cancer.?”?® The risk of developing these cancers increases substantially
with alcohol intake equivalent to 4 or more drinks/day.?3*

Cancer Risk Factors in Ontario: Evidence Summary 11



e The risk of liver cancer is estimated as 18%—-19% higher in people who drink 25 g/day
of alcohol compared to non-drinkers;*"* however, these estimates should be interpreted
cautiously because alcohol-related liver cancers generally follow cirrhosis, which often
leads to a reduction of alcohol consumption. For this reason, a large expert panel report
by the World Cancer Research Fund (WCRF) and the American Institute for Cancer
Research (AICR) acknowledges that alcohol is causally related to cirrhosis of the liver
but has classified the evidence for an association between alcohol consumption and liver
cancer as “probable.”*

e Despite a protective effect of light to moderate alcohol consumption for other chronic
diseases, such as cardiovascular disease, no clear “safe limit” of alcohol intake to prevent
an increased risk of cancer has been determined.*

o A dose-response relationship exists between alcohol consumption and cancer risk.
For most cancers, the increase in risk is continuous and is apparent even at low levels
of intake. For example, each 10 g/day (< 1 drink) increase in alcohol consumption
is associated with a 21% increase in oral cavity and pharyngeal cancer risk 2 and a
7%-10% increase in female breast cancer risk.?#%>3% For colorectal cancer, a
dose-response is evident, but it is unclear whether there is a lower threshold below
which no increased risk of colorectal cancer is observed.!

e [ncreased cancer risk exists regardless of the type of alcoholic drink consumed, suggesting
that the risk is due to ethanol, another IARC Group 1 carcinogen.! The effects of duration
and cessation of the consumption of alcoholic beverages and the lifetime period of
exposure on cancer risk remain uncertain.

e Alcohol consumption interacts synergistically with tobacco smoking to influence the risk
of some cancers, particularly of the oral cavity, pharynx, larynx and esophagus’'® (see
tobacco section on page 7).

e Susceptibility to alcohol-related cancers may be higher among individuals with certain
functional variants in the genes involved in alcohol metabolism, including those that
encode the major alcohol-metabolizing enzymes, alcohol dehydrogenases and aldehyde
dehydrogenases (ALDH). The variant allele ALDH*2 is prevalent in Asian populations and
has been shown to increase the risk of upper aerodigestive tract cancers in moderate and
heavy drinkers.!*

e Evidence suggests several ways that alcohol may increase cancer risk,*” including:
o Reactive metabolites of alcohol may be carcinogenic. Acetaldehyde has been identified

as a carcinogen by IARC and has been shown to form DNA adducts. The resulting
genetic damage may lead to increased proliferation of tumour cells.

o Alcohol may act as a solvent, allowing other carcinogens to penetrate cells more easily.
This may contribute to the observed synergistic effect between alcohol and tobacco
smoking.

o The production of prostaglandins, lipid peroxidation and the generation of free radical
oxygen through the metabolism of alcohol may mediate the effects of alcohol.

o In the case of breast cancer, evidence suggests that the carcinogenic effect is due to
increased estrogen production in response to alcohol consumption.

o The diets of people who are heavy alcohol consumers may be lacking essential
nutrients, which may make body tissues more susceptible to carcinogenesis.

12 (Cancer Risk Factors in Ontario: Evidence Summary



DIET [\}MW

Risk factor/exposure Cancer Direction of ~ Magnitude of Strength of
association  risk* evidence?

Red meat Colon and rectum T 1.17° Convincing
Processed meat Colon and rectum T 1.18° Convincing
Salt and salted/ Stomach T .. Probable
salty foods'
Dietary fibre Colon and rectum N3 0.90° Convincing
Vegetables and fruit* Oral cavity, pharynx, larynx {

Esophagus !

sz]a(i . Probable

Lung® 2

Sources: *WCRF/AICR, 2007; "WCRF/AICR, 2011

* Relative risk (RR) estimate for: every 100 g/day increase in red meat consumption; every 50 g/day increase in processed meat consumption; and every 10 g/day
increase in dietary fibre intake.

...Magnitude of risk not shown in table if strength of evidence is “probable” or “limited.”

TSalt refers to total salt consumption (usually measured in g/day), from processed foods, as well as salt added in cooking and at the table. Salted/salty foods refers to
the consumption of foods containing salt, including processed and salt-preserved foods.

#Vegetables refer to non-starchy vegetables and allium vegetables (e.g., onions, garlic, leeks), but exclude roots and tubers, such as potatoes, sweet potatoes and yams.

SProbable evidence supports only fruit (not vegetables) as protective for lung cancer.

Introduction: food or nutrients?

Dietary factors are thought to account for a large proportion of certain cancers. Individual diets
are dynamic and complex, consisting of a large number of factors, including micronutrients
(e.g., vitamins and minerals), macronutrients (e.g., proteins, fats, carbohydrates), whole food
items and processed foods, present in countless combinations.

This evidence summary takes a food-based approach, which is the most useful from a
prevention standpoint because people consume whole foods rather than individual nutrients.
Although convincing or probable evidence from good-quality randomized control trials
supports supplementation of some micronutrients (e.g., calcium, selenium) for the prevention
of certain cancers, it is difficult to determine whether any given constituent of a particular food
is causally associated with a decreased or increased cancer risk, or is simply a marker for some
other constituent of the food or of the whole food itself.

A food-based approach is still faced with challenges in determining whether a particular food is
a causal risk or protective factor for a given cancer, since individuals eat many different kinds
of foods, more than one of which can contain similar types of dietary constituents. Dietary
fibre, for example, is found in cereals and grains, as well as in vegetables and fruit. Similarly,
salt or sodium is found in processed meats, but also occurs in non-meat processed food items.

RED MEAT AND PROCESSED MEAT
Background

» Red meat comes from animals with more red than white muscle fibres and includes
beef, pork, lamb and goat. Processed meat generally refers to meats preserved by
smoking, curing or salting, or the addition of chemical preservatives (e.g., ham, bacon,
sausages, hot dogs), although there is no standard processed meat definition.?*

» Consumption of red and processed meat is generally highest in high-income countries,
such as the United States and Canada.*

» Since processed meat is generally red meat, it is difficult to disentangle the cancer risk
associated with each of these factors in epidemiologic studies.?*

Cancer Risk Factors in Ontario: Evidence Summary 13
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Red meat and processed meat consumption are both convincing causes of colorectal
cancer.?+3

Substantial evidence from prospective studies demonstrates a positive dose-response
relationship between colorectal cancer risk and both red and processed meat
consumption. A World Cancer Research Fund/American Institute for Cancer Research
(WCRF/AICR) meta-analysis estimated a 17% increase in risk for every 100 g/day increase
in red meat consumption and an 18% increased risk of colorectal cancer for every 50 g/
day increase in processed meat consumption.®® Results of another meta-analysis suggests
that elevated risk associated with red meat consumption levels off above 140 g/day.’

The lowest intake of red meat consumption associated with increased risk of colorectal
cancer remains unclear.

The associations with red and processed meat appear to be of similar magnitude for both
colon and rectal cancer, although results have more often reached statistical significance
for colon cancer.? Some studies show a positive association with red meat consumption
for men, but not for women.

Red and processed meat may increase colorectal cancer risk through several plausible
biologic mechanisms:*

o Heme iron in red meat can promote the formation of potentially carcinogenic N-nttroso
compounds and other harmful substances in response to oxidative degradation of fats.

o Heterocyclic amines (HCAs) and polycyclic aromatic hydrocarbons (PAHs) from
cooking red meat at high temperatures can promote colorectal cancer in people with a
genetic predisposition.

o Processed meats frequently contain nitrates and/or nitrite-fortified salts, which can
promote carcinogenesis in the stomach via the formation of N-nitroso compounds.

SALT AND SALTED/SALTY FOODS

Background

» “Salt,” which commonly refers to sodium chloride, is used to preserve and enhance the
flavour of many foods.?*

» Although the use of salt as a preservative has become less common with the increased
availability of refrigeration, several traditional diets still include large amounts of salt-
preserved foods, including salted meat and fish. Processed foods are the main source
of dietary salt intake in most industrialized countries, with only a small amount added
during cooking or at the table.?*

» Assessing salt intake in epidemiologic studies is difficult. Although measuring the
amount of sodium excreted in the urine provides the most reliable estimate,* most
studies rely on self-reported intake of salty, salted and salt-preserved foods.

The WCREF/AICR concluded that salt and salted/salty foods probably cause stomach
cancer.*

Stomach cancer incidence rates are highest in areas of the world where traditional diets
are high in salt (e.g., parts of Asia, Latin America).*’

Cancer Risk Factors in Ontario: Evidence Summary



e (Cohort studies show a positive dose-response relationship between total salt intake
(from all sources, including processed foods, salt-preserved foods, and salt added during
cooking and at the table) and stomach cancer, and several case-control studies have
shown increased risk of stomach cancer with high levels of salt intake?* The WCRF/AICR
meta-analysis of two cohort studies indicates an 8% increase in stomach cancer risk for
every 1 g/day intake of salt.?*

e Intake of salty/salted foods has also been associated with increased risk of stomach
cancer. Case-control studies show a positive dose-response, with a 5.2-fold increased risk
of stomach cancer for each additional serving of salty/salted food per day.?*

e [Evidence suggests that salt and salty/salted foods may interact synergistically with
Helicobacter pylori infection, an established risk factor for stomach cancer, to promote
stomach cancer.*!

e High salt intake can damage the stomach lining, which may promote the effect of gastric
and food-derived carcinogens and cause inflammatory responses that increase epithelial
cell proliferation.*

DIETARY FIBRE
Background

» Dietary fibre can be defined as the components of plant cell walls that cannot be
digested in the small intestine.?*

» Naturally occurring dietary fibre is derived from plant foods, including pulses (legumes),
cereals (grains) that have undergone minimal processing, vegetables and fruit.

e There is now convincing evidence that foods containing dietary fibre have a protective
effect against the risk of cancer of the colon and rectum.®®

e (olorectal cancer risk shows an inverse dose-response to dietary fibre intake, with a
10% decreased risk of colorectal cancer for every 10 g/day intake of total dietary fibre.*®
Similar findings have been observed for colon and rectal cancer, although the results for
rectal cancer have generally not reached statistical significance.?

e (Colorectal cancer risk is reduced in response to total dietary fibre intake and to fibre
derived from cereals (grains) and whole grains. Fibre from other sources (e.g., vegetables
and fruit) also appears to be protective, although results are not statistically significant.?®

e Several biologic mechanisms have been proposed for the protective effect of fibre,
including diluting fecal carcinogens, reducing transit time through the colon, increasing
stool weight, altering bile acid metabolism, reducing colonic pH and/or increasing the
production of short-chain fatty acids, which may induce apoptosis following fermentation
of fibre by the gut flora.*?

Cancer Risk Factors in Ontario: Evidence Summary
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VEGETABLE AND FRUIT CONSUMPTION

Background

¥

Vegetables can be classified as starchy (e.g., potatoes, yams and other root vegetables)
or non-starchy (e.g., green leafy, cruciferous and allium vegetables). Fruit are the
edible seed-containing part of a plant (e.g., apples, bananas, berries).*

¥

Vegetables and fruit are rich sources of vitamins, minerals, dietary fibre, and other
micronutrients and bioactive compounds, such as phytochemicals.

¥

Epidemiologic studies of vegetable and fruit consumption generally rely on self-
reported intake and differ in the definition and groupings of vegetables and fruit.

Consumption of non-starchy vegetables and of fruit has been classified by the WCRF/
AICR as probably protective against of cancers of the oral cavity, pharynx, larynx,
esophagus and stomach. Fruit consumption also probably protects against lung cancer.**

Risk reductions of 30%-50% have been estimated for cancers of the mouth, pharynx and
larynx with higher versus lower intakes of vegetables and fruit.244344

Evidence suggests an inverse dose-response between vegetable consumption and cancer
of the oral cavity, pharynx, larynx and esophagus (raw vegetable consumption) and
between fruit consumption and cancers of the esophagus, stomach and lung. Case-control
studies but not cohort studies support inverse dose-response relationships with vegetable
consumption and stomach cancer and with fruit consumption and cancer of the mouth,
pharynx and larynx.

It is unclear whether all vegetables and fruit confer a protective effect, although it is
likely that a few vegetables or fruits have an important effect on certain cancers (e.g.,
foods containing lycopene probably protect against prostate cancer; foods containing
carotenoids protect against cancers of the mouth, pharynx, larynx and lung cancer; and
foods containing vitamin C protect against esophageal cancer).2*

Vegetables and fruit may confer a protective effect through several generic and cancer-
specific biologic mechanisms by, for example, preventing nutrient deficiencies.*® Fruit
and vegetables also contain specific potentially cancer-preventive components, including
antioxidants (e.g., carotenoids, vitamin C, lycopene), dietary fibre and phytochemicals
(e.g., phytoestrogens). These substances may reduce cancer risk through antioxidant
activity, modulation of detoxification enzymes, stimulation of the immune system,
antiproliferative activities, and/or modulation of steroid hormone concentration and
hormone metabolism.?*

The low energy density and high fibre content of vegetables and fruit may indirectly
protect against certain cancers by preventing weight gain, overweight and obesity.*

Cancer Risk Factors in Ontario: Evidence Summary



BODY COMPOSITION

Risk factor/exposure Cancer Direction of ~ Magnitude of Strength of
association  risk* evidence®
Body fatness Esophagus’ T 1.55
Colon and rectum ) 1.10-1.15%°
Pancreas T 1.14 o
Breast (post-menopausal) ) 1.13¢ Convincing
Endometrium T 1.52°
Kidney T 1.31°
Gallbladder* T
Breast (pre-menopausal) ! Probable
Abdominal fatness Colon and rectum T 1.02° Convincing
Pancreas )
Breast (post-menopausal) T Probable
Endometrium T
Adult weight gain Breast (post-menopausal) T Probable
Adult attained height® Colon and rectum ) 1.05° Convincing
Breast (post-menopausal) T 1.10¢
Pancreas )
Breast (pre-menopausal) T Probable
Ovary T

Sources: “WCRF/AICR, 2007; "WCRF/AICR, 2011; ‘WCRF/AICR, 2010

* Relative risk (RR) estimate for each: 5 kg/m? increase in body mass index (body fatness indicator); 2.5 cm increase in waist circumference (abdominal fatness indicator);
5 cm increase in adult attained height.

...Magnitude of risk not shown in table if strength of evidence is “probable” or “limited.”

* Adenocarcinoma only.

*Directly, and indirectly through the formation of gallstones.

S Unlikely to directly modify cancer risk.

BODY FATNESS
Background

» Body fatness is typically assessed using body mass index (BMI), a measure of weight
adjusted for height that is calculated as weight in kilograms divided by height in metres
squared (kg/m?).

» Adult body fatness is frequently classified by the World Health Organization into four
broad categories based on the following BMI cut-offs:*6

Classification BMI (kg/m?)
Underweight <18.50

Normal range 18.50-24.99
Overweight >25.00
Obese >30.00

» Fat is not equally distributed around the body, but rather accumulates subcutaneously
in certain parts of the body such as the abdomen. Intra-abdominal fat stores may be a
better predictor of chronic disease risk than overall body fatness.?*
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The evidence is convincing that greater body fatness increases the risk of cancers of the
esophagus (adenocarcinoma), colon and rectum, pancreas, breast (post-menopausal),
endometrium and kidney, and probable that it increases the risk of gallbladder cancer.?3847
Greater body fatness probably reduces the risk of pre-menopausal breast cancer.*”

A positive dose-response relationship is generally apparent for cancers associated with
body fatness in adults, even within the range usually considered healthy.

o For every 5 kg/m? increase in BMI within the range considered “normal” and above,
risk increases by 50%—-55% for esophageal adenocarcinoma and endometrial cancer,
roughly 30% for kidney cancer, and 10%-156% for colorectal, post-menopausal breast
and pancreatic cancer.?*3847

For certain cancers, existing evidence suggests that the relationship with body fatness
differs by subtype. For example:

o Cancer of the esophagus: an association is apparent for adenocarcinoma only, while
evidence for all types of esophageal cancer combined or squamous cell carcinoma is
inconsistent.?*

o Cancer of the colon and rectum: the evidence is more consistent and shows a larger
increase in risk for colon cancer than for rectal cancer.?$454?

o Cancer of the breast (pre- and post-menopausal): results from a large meta-analysis®
and subsequent prospective studies® > suggest that the relationship with body fatness
depends on the hormone receptor (estrogen and progesterone) status of the tumour.

For some cancer sites there is some evidence to suggest that associations with body
fatness may differ by sex. For example, a stronger association with BMI for colon and
rectal cancers is apparent in men.?®#® The association between BMI and kidney cancer,
on the other hand, appears to be stronger in women.*%°*

Evidence suggests that hormone replacement therapy (HRT) used during and/or
following menopause modifies the association between body fatness and both post-
menopausal breast cancer and endometrial cancer; greater body fatness increases the
risk of cancer of the breast (post-menopausal) and endometrium among women who have
never used HRT, but the association is generally weaker or null among ever-users."»

ABDOMINAL FATNESS

According to the comprehensive World Cancer Research Fund/American Institute
for Cancer Research (WCRF/AICR) review, abdominal fatness is a cause of colorectal
cancer and probably causes cancers of the pancreas, breast (post-menopausal) and
endometrium.23847

For colorectal cancer, a consistent and clear dose-response relationship is observed
with both measures of abdominal obesity (waist circumference and waist-to-hip ratio).
Colorectal cancer risk is estimated to increase by approximately 2% for every 2.5 cm
(1 inch) increase in waist circumference and by roughly 17% for every 0.1 increase in
waist-to-hip ratio.?®

Cancer Risk Factors in Ontario: Evidence Summary



ADULT WEIGHT GAIN

Existing epidemiologic evidence suggests that weight gain during adulthood is a probable

cause of post-menopausal breast cancer.*’

There is consistent evidence of a dose-response relationship such that the risk of post-

menopausal breast cancer rises with increases in the amount of weight gained during adulthood.*

ADULT ATTAINED HEIGHT

Greater adult attained height is a convincing cause of cancers of the colon and rectum,
as well as breast cancer (post-menopausal). It is also probably a cause of cancer of the
pancreas, breast (pre-menopausal) and ovary.23847

For cancer sites that have a convincing association with adult attained height,
abundant and consistent evidence demonstrates a positive dose-response; each 5 cm
(approximately 2 inches) increase in adult attained height increases colorectal cancer
risk by 5%°% and post-menopausal breast cancer risk by 109% 4"

The relationship with attained height is stronger for colon cancer than rectal cancer.
It is also stronger in men than in women.?8

BIOLOGIC MECHANISMS

Several potential mechanisms have been proposed to explain the relationship between
body composition and increased cancer risk:*

o Abdominal fatness and obesity are associated with insulin resistance, resulting in

excess circulating insulin (hyperinsulinemia) and insulin-like growth factor-1 (IGF-1),

which can promote the development of certain cancers.

o Adipose cells produce hormones, known as adipokines, such as leptin and adiponectin,

which may stimulate cell growth.

o Adipose tissue is the main site of estrogen synthesis in men and post-menopausal

women. Excess sex steroids are strongly associated with risk of endometrial and post-

menopausal breast cancer.
o QObesity is characterized by low-grade chronic inflammation, which can promote the
growth of cancer cells.

The biologic mechanisms responsible for a decreased risk of pre-menopausal breast
cancer with increasing body fatness are unclear, although various explanations, mostly
focusing on endogenous hormone levels, have been proposed.?

Adult attained height is unlikely to directly modify cancer risk. Instead, it is probably a

marker for genetic, environmental, hormonal, and/or nutritional factors that affect growth

from preconception until adulthood.?

Cancer Risk Factors in Ontario: Evidence Summary
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ﬁ@ﬁ PHYSICAL ACTIVITY

Risk factor/exposure Cancer Direction of ~ Magnitude of Strength of
association  risk* evidence?
Physical activity Colon | 0.92° Convincing
Breast (post-menopausal) 3
Endometrium 2 Probable

Sources: “WCRF/AICR, 2007; "WCRF/AICR, 2011

* Relative risk (RR) for every 5 METs-hour/day increase in physical activity.
...Magnitude of risk not shown in table if strength of evidence is “probable” or “limited.”

Background

4

Physical activity is any movement using skeletal muscles. It can be classified according
to type (occupational, household, active transportation, recreational/leisure-time), and
by intensity based on energy expenditure (vigorous, moderate, light or sedentary).*

¥

Total physical activity levels are determined by frequency, intensity and duration; one
hour of light physical activity may therefore result in the same amount of total energy
used as 20 minutes of vigorous activity.>*

¥

Sedentary behaviour describes activities involving prolonged sitting, reclining or lying
down that are characterized by low energy expenditure (e.g., watching television or
using a computer). It is considered distinct from physical inactivity, which represents
the absence of physical activity;°® therefore, a person may be physically active but still
have prolonged periods of sedentary time.

e The evidence is now convincing that physical activity reduces the risk of colon cancer
and probably cancer of the breast (post-menopausal) and endometrium, independently of
other factors, such as body fatness.?4384757

e Inreviews and meta-analyses, risk was reduced by 20%-25% for colon cancer,!%585
20%-30% for breast cancer,’’ and 20%-30% for endometrial cancer®-% when comparing
those with the highest levels of physical activity to those with the lowest levels.

e [Epidemiologic evidence demonstrates an inverse dose-response relationship between
physical activity and cancer risk, with higher levels of physical activity (within the range
of activity examined) associated with decreasing cancer risk.*

e All types of physical activity (occupational, household, transport, recreational) appear to
reduce cancer risk.?

e The minimum amount of physical activity for cancer protection is difficult to determine
because of differences in measurement and classification among studies. Most studies
have examined physical activity with respect to energy expenditure or duration, but few
provide sufficient details to evaluate the effect of intensity.?*
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The relationship between physical activity and cancer risk may be modified by several
factors:

o For breast cancer, a greater relative benefit of physical activity is observed for women
without a family history of breast cancer, women with a normal body mass index
(although benefits are seen within all levels of body mass index), parous women and
non-Caucasian women.*

o For colon cancer, some evidence suggests that physical activity may have a stronger
effect for men than for women.*®

Interest in the potential risk of cancer associated with sedentary behaviours, independent

of being physically inactive, is emerging. The few studies that have examined a potential
association between sedentary behaviours and cancer risk have generally shown positive
associations with colorectal, endometrial, ovarian and prostate cancer.”

BIOLOGIC MECHANISMS

Physical activity may directly protect against cancer through several biologic

mechanisms, including promoting healthier levels of circulating hormones and a healthy

body weight.?” Specifically:

o Physical activity may protect against colorectal cancer by decreasing inflammation,
reducing insulin levels, reducing insulin resistance, improving endogenous steroid
hormone metabolism and reducing transit time through the gastrointestinal tract.

o Physical activity may protect against breast cancer by improving endogenous steroid
hormone metabolism, possibly strengthening the immune system, and reducing levels
of circulating estrogens and androgens.

Physical activity may also indirectly protect against cancers associated with body fatness,

including colorectal cancer and post-menopausal breast cancer, through its role in
maintaining energy balance and body fatness.*

Cancer Risk Factors in Ontario: Evidence Summary
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s
”[ REPRODUCTIVE AND HORMONAL FACTORS (FEMALE)

Risk factor/exposure Cancer Direction of ~ Magnitude of Strength of
association  risk* evidence
Parity Cervix T 1.07°
Breast 3 0.89-0.92° )
Endometrium | 0.65¢ Established
Ovary | 0.92¢
Breastfeeding Breast N3 0.98¢ Established
Later age at first Breast T 1.10-1.23° )
birth/full-term pregnancy Cervix y 0.95° Established
Later age at menarche Breast | 0.65-0.93° )
Endometrium J 0.72-0.76* Established
Later age at menopause Breast T 1.20-1.32° )
Endometrium T 1.53-2.20¢ Established
Oral contraceptive use Liver" T 1.45-1.57°
Breast* T 1.24
Cervix* T 1.65' Sufficient
Endometrium J 0.50-0.65¢
Ovary ) 0.73¢
Hormone replacement Breast T 1.21 Suffcient
therapy for menopause Endometrium T 1.44-1.75tm !

Sources: *International Collaboration of Epidemiological Studies of Cervical Cancer, 2006; "Reeves et al., 2009; Dossus et al., 2010; “Tsilidis et al., 2011; “WCRF/AICR, 2007;
'Kerageorgi et al., 2010; *Maheshwari et al., 2007; "Collaborative Group on Hormonal Factors in Breast Cancer, 1996; 'International Collaboration of Epidemiological
Studies of Cervical Cancer, 2007;IARC, 2007; “Collaborative Group on Epidemiological Studies of Ovarian Cancer, 2008; 'Collaborative Group on Hormonal Factors in
Breast Cancer, 1997; "Allen et al., 2010

* Risk estimates are relative risks (RRs). The groups for comparison and measures of exposure differ between risk factor/exposures and in some cases between cancers
for a given exposure. See text for details.

*n populations at low risk for hepatitis B infection.

% Current and recent oral contraceptive use.

Background

» Reproductive factors, such as parity, age at menarche and age at menopause, are
closely related and influence the levels of sex hormones (e.g., estrogen, progesterone)
circulating in the body.%*

» Endogenous female sex hormones are produced by the ovaries. Among other functions,
estrogen stimulates the development of the breasts and the growth of endometrial
tissue. Progesterone plays a key role in preparing the endometrium for pregnancy and
also regulates the effect of estrogen.®

» The strong connections between reproductive factors, endogenous hormones and
exogenous hormones, such as oral contraceptives, make it difficult to disentangle the
individual effect of each factor on cancer risk in epidemiologic studies.
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PARITY

Parity is a well-established protective factor for cancer of the breast, endometrium and
ovary.®” In contrast, higher parity increases the risk of cervical cancer.

An inverse dose-response relationship is seen for breast, endometrial and ovarian cancer,
and a positive dose-response is observed for cervical cancer:

o Alarge UK cohort study found an approximately 10% reduction in risk for each
additional birth for the most common histologic types of breast cancer (unadjusted for
age at first birth).5 Several large studies have found an effect of parity independent of
age at first birth.6=%

o Compared to nulliparous women, women who had had at least one full-term pregnancy
had a 35% reduced risk of endometrial cancer in a large European cohort;” risk
decreases with increasing numbers of children.™™

o Qvarian cancer risk was 29% lower for women with at least one full-term pregnancy
than for nulliparous women in a large cohort study, with an 8% lower risk per full-term
pregnancy.”

o A large international pooled analysis found cervical cancer risk increased 7% per
additional full-term pregnancy after controlling for other factors, including age at first
birth, age at first sexual intercourse and number of sexual partners.”™

For breast and ovarian cancer, some evidence suggests that risk varies depending on the
histologic type of the tumour, with a reduced risk more consistently seen for estrogen
receptor (ER)-positive than for ER-negative breast cancer™ and for the most common
histologic subtype of ovarian cancer and some rare subtypes.”™

BREASTFEEDING

A large meta-analysis conducted by the World Cancer Research Fund/American Institute
for Cancer Research (WCRF/AICR) found a 2% reduction in breast cancer risk for every
5 months of breastfeeding, additional to the risk reduction from number of births, and
controlling for such other factors as age at first birth.?*

Some evidence is emerging that breastfeeding lowers the risk of ovarian cancer, although
the WCRF/AICR panel concluded that the evidence for this cancer was only limited.?*

LATER AGE AT FIRST BIRTH

Older age at first birth is a well-established risk factor for breast cancer.%® In a large UK
cohort study, risk increased 10%-23%, depending on histologic type, per 5-year delay in
age at first birth.® A large review found a more consistent increase in risk with delayed
childbearing for estrogen receptor (ER)-positive than for ER-negative breast cancer.™

Later age at first birth decreases the risk of cervical cancer. A large international pooled
analysis estimated that risk decreased 5%/1-year increase in age at first full-term
pregnancy after controlling for factors, including parity, age at first sexual intercourse
and number of sexual partners.”™

Cancer Risk Factors in Ontario: Evidence Summary
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LATER AGE AT MENARCHE

Later age at menarche has been consistently associated with a reduced risk of breast
cancer.%” A large UK cohort study estimated a 7% —-35% decrease in breast cancer risk,
depending on histologic type, with every 5-year increase in age at menarche.®® A large
review found older age at menarche more consistently associated with a reduced risk
of estrogen receptor (ER)-positive/progesterone receptor (PR)-positive than with
ER-negative/PR-negative breast cancer.™

Later age at menarche is also a protective factor for endometrial cancer.®® This has

been confirmed in two large studies (one from the UK and one from the US), with
decreases of more than 24% for menarche at age 15 or older compared with menarche
at approximately age 12 or younger and decreasing risk with later ages at menarche; one
study controlled for body mass index, which is related to both endometrial cancer risk
and age at menarche.””™

LATER AGE AT MENOPAUSE

Late menopause is an established risk factor for breast cancer.®® A large UK cohort study
found a 20%-32% increase in risk, depending on histologic type, per 5-year delay in age
at menopause in never-users of hormone replacement therapy.’® A large international
pooled analysis found an approximate 3% increase in breast cancer risk for each year
increase in age at menopause.”

Late menopause is a risk for endometrial cancer.%® Two large cohort studies, one in the US
and one in Europe, found risk increases of from 53% to more than 2-fold for menopause of
age bb or older compared with ages less than 45 or less than 50, the risk increasing with
older ages at menopause.”"

For ovarian cancer the results are mixed, with contradictory findings from large cohort
studies as to whether late menopause increases risk.”»™

ORAL CONTRACEPTIVES

Combined oral estrogen-progestogen contraceptives are classified by the International
Agency for Research on Cancer (IARC) as carcinogenic to humans (Group 1), on the basis
of increased risks for cancer of the breast (among current and recent users), cervix and
liver (in populations at low risk for hepatitis B viral infection).”5°

Large international pooled analyses have estimated current users of combined oral
estrogen-progestogen contraceptives have a 24% increased risk of breast cancer and a
65% increased risk of cervical cancer compared to never-user.8® Liver cancer risk may
be increased by roughly 50% in long-term oral contraceptive users in populations at low
risk for hepatitis B infection.5"8

Cessation of oral contraceptive use reduces the associated risk of breast and cervical
cancer in a dose-dependent manner, with risk declining over time to no excess risk by
10 years after cessation.®!

There is convincing evidence that oral contraceptives reduce the risk of cancer of the
endometrium (with the risk for ever-users approximately halved)™# and ovary (with a
27% lower risk among ever-users and further reductions with greater duration of use).”8
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HORMONE REPLACEMENT THERAPY FOR MENOPAUSE

IARC has concluded that combined estrogen-progestogen hormone replacement therapy
(HRT) for menopause increases the risk of breast cancer, mainly in current or recent users.
A large pooled analysis found a risk increase of approximately 2%/year for current or recent
use;”” risk magnitude varies with type of hormone therapy and histologic type of breast
cancer.®%" HRT use increases the risk of endometrial cancer when progestogens are taken
for less than 10 days/month, but not when progestogens are taken daily.”%° The broad range
in magnitude of increased risk for endometrial cancer among current HRT users reflects
different preparations and different durations of use, with risk estimates from less than
2-fold to more than 7-fold.™88

BIOLOGIC MECHANISMS

e High levels of unopposed estrogen appear to be the common exposure in several risk
factors considered here; reproductive factors increase total estrogen exposure by
resulting in more lifetime menstrual cycles. Exact mechanisms, and whether estrogen
is a causal or promoter agent, are not fully understood.?*?° Breastfeeding may lower risk
hormonally by lowering the number of menstrual cycles, and through developmental
and other effects on breast epithelium.?* Developmental effects on the breast may also
contribute to reduction in breast cancer risk with higher parity.

e The lowered risk of ovarian and endometrial cancers with oral contraceptive use appears
to be associated with atrophic and antiproliferative effects in the endometrium and
apoptosis of ovarian epithelial cells.®

e Methodologic issues complicate our understanding of the role of several factors associated
with increased risk of cervical cancer: higher parity, earlier age at first birth, oral
contraceptive use, sexual behaviour and human papillomavirus (HPV) infection. Higher
parity and earlier age at first birth appear to have a role beyond simply serving as proxies
for increased exposure to HPV. High parity may, for example, be a co-factor affecting the
risk of HPV infection and/or its progression to cervical cancer.”™8?
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ULTRAVIOLET RADIATION

Magnitude of risk*
Risk factor/exposure Cancer Direction of  Total Intermittent Chronic Strength of
association exposure exposure exposure evidence?

Solar ultraviolet (UV) Skin (melanoma) ) 1.34 1.61° 0.95°
radiation Skin (BCC) T 0.98¢ 1.38¢ 1.19¢ Sufficient

Skin (SCC) ) 1.53¢ 0.91¢ 1.64

Lip T L

Eye 1 Limited
UV-emitting indoor tanning  Skin (melanoma) T 1.15-1.22¢ .
devices Eye 1 130-3.40° Suficient

Skin (SCC) T . Limited

Abbreviations: UV= ultraviolet; BCG= basal cell carcinoma; SCG=squamous cell carcinoma

Sources: *IARC, 2012; *Gandini S, 2005; ‘Armstrong, 2007; “International Agency for Research on Cancer Working Group on artificial ultraviolet (UV) light and skin cancer,
2006; Hirst, 2009

*Relative risk (RR) estimate for: highest exposure category to lowest for estimates of solar ultraviolet radiation; ever vs. never-use of UV-emitting tanning devices.
...Magnitude of risk not shown in table if strength of evidence is “probable” or “limited.”

SOLAR ULTRAVIOLET RADIATION
Background

» Ultraviolet radiation (UVR) is a type of electromagnetic radiation that can be further
subdivided into UVA, UVB and UVC.”

» Sunlight is the major source of human exposure to UVR and is comprised largely of UVA,
with a small component of UVB by the time it reaches the earth’s surface.”

» UVR exposure can be classified into three types, based on the pattern of sun exposure:
intermittent exposure (i.e., periodic bursts of exposure received, for example, during
recreational outdoor activities), chronic exposure (i.e., more continuous exposure, often
synonymous with exposures received in outdoor occupations) and total exposure (i.e.,
the combination of intermittent and chronic exposures).

e Solar and UV radiation have been classified as carcinogenic to humans (Group 1) by
the International Agency for Research on Cancer (IARC).” According to IARC, there is
sufficient evidence that solar UV radiation causes all major skin cancer types, including
cutaneous melanoma, basal cell carcinoma (BCC) and squamous cell carcinoma (SCC).
Limited evidence suggests that solar UV radiation also causes cancer of the lip and eye
(conjunctival squamous cell carcinoma and ocular melanoma).”

Cancer Risk Factors in Ontario: Evidence Summary



e The relationship between solar UVR and skin cancer is complex:

o Total cumulative lifetime exposure influences risk, but the pattern of sun exposure may
be particularly important for different types of skin cancer. Cutaneous melanoma risk
appears most strongly related to intermittent UV exposure,” % while chronic exposure
appears most important for SCC.”»**BCC generally shows an association with intermittent
and chronic exposure (measured by objective indicators of skin damage) that is more
modest in magnitude than the relationship of these exposures with melanoma and SCC.%

o Cutaneous melanoma risk appears to depend on the body part exposed,” > and dose
and timing of exposure, with indications that childhood exposure may be particularly
important.?™®

e Personal characteristics and exposures can modify the relationship between solar UVR
exposure and cancer risk:

o People with certain phenotypic characteristics—fair skin, light eyes, blond or red
hair, and a tendency to burn rather than tan when exposed to sunlight—have higher
susceptibility to UVR damage and subsequent risk of all types of skin cancer.”%*

o People with certain rare genetic conditions (e.g., xeroderma pigmentosum, basal cell
nevus syndrome)® and those sensitive to UVR due to immunosuppression (e.g., organ
transplant recipients, patients with acquired immunodeficiency syndrome [AIDS] or
human immunodeficiency virus [HIV]) and/or those who use certain photosensitizing
agents (e.g., psoralens)” have high susceptibility to UVR damage.

e [ndividuals with outdoor occupations typically have chronic solar UVR exposure and are
therefore at particularly high risk of developing squamous cell carcinoma. Outdoor workers
typically demonstrate a lower risk of melanoma, but this observation may reflect self-
selection of people at low risk of melanoma to outdoor work.”

ULTRAVIOLET RADIATION EMITTING TANNING DEVICES
Background

» UV-emitting indoor tanning devices, including sunbeds and sunlamps, are the main
source of deliberate exposure to artificial UVR and are primarily used for cosmetic
purposes.”

» Indoor tanning devices may have a UV intensity as much as 10-15 times stronger than
the midday sun.”

e UV-emitting tanning devices are classified by IARC as carcinogenic to humans (Group
1). There is sufficient evidence that UV-emitting tanning devices cause cutaneous and
ocular melanoma. There is limited evidence that UV-emitting indoor tanning devices
cause squamous cell carcinoma.”

e Fver-use of indoor tanning devices increases the risk of cutaneous melanoma by 15% —
22% 120100 with evidence that risk increases with greater frequency of use.!??-1% The few
studies that have examined ocular melanoma risk have shown from 30% to as much as
3 times the risk compared with non-users for the highest exposure categories.” There is
also some indication of a positive dose-response relationship.”

e The use of UV-emitting indoor tanning devices during adolescence and young adulthood
may be associated with a particularly high risk of cutaneous and ocular melanoma.”100:105106
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OTHER ARTIFICIAL SOURCES OF ULTRAVIOLET RADIATION

e Other artificial sources of UV radiation include medical and dental applications, arc
welding and industrial lamps.

e There is sufficient evidence in humans for the carcinogenicity of welding. Epidemiologic
evidence supports a causal association between welding and ocular melanoma; whether
this can be attributed to UV radiation is currently unknown.”!

BIOLOGIC MECHANISMS

e UV radiation exposure can induce carcinogenesis in several ways:%

o UV radiation can damage DNA, either directly through the absorption of UVB or
indirectly through the generation of reactive oxygen and/or nitrogen species in response
to UVA.

o UV radiation may introduce DNA mutations, including mutations to genes controlling
cell proliferation (oncogenes and tumour suppressor genes) or cell signalling, and genes
that code for enzymes that can detoxify by-products of oxidative stress.

o UV radiation can interact with the immune system to suppress local and systemic
immune responses.
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OTHER RADIATION

Risk factor/ Cancer The context where high risks ~ Magnitude of risk* Strength of
exposure were reported evidence?
Radon-222 and Lung Occupational 1.2-3.2° Sufficient
decay products Environmental 1.1-1.4¢
Leukemia Occupational .
Environmental Limited
X-radiation, gamma Salivary gland Atomic bomb survivors 1.4-3.8¢
radiation Medical 0.8
Esophagus Atomic bomb survivors 0.4-1.4¢
Medical 0.17-0.3
Stomach Atomic bomb survivors 0.1-0.5¢
Colon Atomic bomb survivors 0.5-1.2°
Occupational 2.6°
Lung Atomic bomb survivors 0.3-1.5
Medical 0.1-0.4¢
Occupational 0.1-0.6
Bone Atomic bomb survivors 1.2-3.34
Medical 0.02-0.2
Skin (BCC) Atomic bomb survivors 0.9-1.5¢
Breast Atomic bomb survivors 1.3-2.0 Sufficient
Medical 0.06-0.4°
Bladder Atomic bomb survivors 0.8-1.4°
Medical 0.07-0.4¢
Occupational’ 1.4¢
Kidney Atomic bomb survivors 0.2-1.2¢
Medical 0.1-0.7°
Brain and central nervous system Atomic bomb survivors 0.4-2.6
Medical 0.07-4.6"
Thyroid Atomic bomb survivors 1.0-3.24
Medical exposures 3.0-12¢
Leukemia (excluding chronic Atomic bomb survivors 3.0-6.3
lymphocytic leukemia) Medical 0.1-0.7¢
Occupational 1.0-16°
Liver, multiple myeloma, Atomic bomb survivors, Limited

non-Hodgkin lymphoma, ovary,
pancreas, prostate, rectum

medical, occupational

Abbreviations: B(C= Basal cell carcinoma

Sources: *IARC, 2012; "Lubin et al., 1995; ‘Krewski et al., 2005; “UNSCEAR Report, 2006; *Sont et al., 2001

*For occupational radon-222 and its decay products, risk estimates are relative risks (RR) for exposures of 100 working-level months; for environmental radon-222
exposure, the lower RR estimate displayed is for exposures of 25-75 Bq/m* and the higher RR estimate displayed in the range is for exposures > 200 Bq/m®;
for X- and gamma radiation, risk estimates are the excess relative risk (ERR) at 1 sievert (Sv).
...Magnitude of risk not shown in table if strength of evidence is “probable” or “limited.”
" Excess relative risk estimate for males only.

RADON-222 AND ITS DECAY PRODUCTS

Background

» Radon is a colourless, odourless radioactive gas released from the decay of uranium and

thorium and their radioactive products (called “daughters”).”

» The most common isotope is radon-222, which emits (radioactive) alpha particles.”

» Highest levels of exposure occur in an occupational setting in mines where uranium

and thorium are present. Naturally occurring radon can also accumulate in workplace

and residential buildings, especially in basements.!??

» The primary route of human exposure is inhalation into the lungs.!%®
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In 1987, the International Agency for Research on Cancer (IARC) first stated that radon
causes lung cancer in humans,'”” based largely on studies of underground haematite
miners with high exposures to radon (specifically radon-222 and its decay products).!’
There is now evidence from studies of residential radon exposure within the general
population that further supports a causal association between radon exposure and an
increased risk of lung cancer.''” There is some, but not sufficient, evidence that radon-222
causes leukemia.”

A pooled analysis of 11 cohort studies found a 1.2-3.2 times greater risk of lung cancer at
100 working-level months among radon-exposed underground miners; a consistent dose-
response relationship with cumulative radon exposure was also apparent.''! Residential
exposure to radon has been associated with a 10% -40% increase in lung cancer risk,
from lower through higher exposures,''? with pooled analyses from North America,''?!3
Europe!*® and China''® demonstrating a consistent dose-response relationship.

An interaction between radon exposure and tobacco smoking is generally seen for lung
cancer risk* (see tobacco section on page 7).

X-RADIATION, GAMMA RADIATION

Background

X-rays and gamma rays are types of ionizing radiation that are mainly distinguished by

¥

their origin.”

» X-rays are used in many medical applications, including diagnostic imaging and in
therapy, mainly in cancer treatments to destroy malignant cells. Gamma rays are used
in medicine, the nuclear power industry and in the production of nuclear weapons.'’®

Environmental sources of X- and y-radiation exposure include background radiation

¥

from terrestrial and cosmic sources,” as well as atmospheric nuclear weapons tests and
nuclear power accidents, such as the Chernobyl and Fukashima disasters.

» The main route of exposure for X- and gamma radiation is absorption by bones and
surrounding tissue after they have penetrated the skin (e.g., during diagnostic
imaging).!'’ Ingestion of food or water contaminated with radionuclides in areas where
radioactive materials have been released into the environment, such as nearby rivers, is
also a possible exposure route.”

TARC first classified X-radiation and gamma radiation as carcinogenic to humans in
1999.1° It is now well recognized that X-radiation and gamma radiation are multi-organ
carcinogens. The epidemiologic evidence for carcinogenicity comes from studies of atomic
bomb survivors, of people exposed during medical procedures, and of occupational or
environmental exposures.!!’
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Detonation of atomic bombs

Evidence for risk from atomic bomb detonation comes largely from the Life Span Study,
a population-based study of survivors of the atomic bomb attacks on Hiroshima and
Nagasaki. Survivors were mainly exposed to gamma radiation and had significant
increases in the incidence of leukemia and cancers of the salivary gland, esophagus,
stomach, colon, skin, thyroid, brain and central nervous system, bladder, kidney, breast,
lung and bone and connective tissue.” Slightly elevated incidence of liver and ovarian
cancer were also seen.”!

Excess relative risks as high as 6 at 1 sievert have been observed among atomic bomb
survivors, with the greatest risks observed for leukemia.!'” A dose-response relationship
is apparent between estimated exposure dose, and risk of leukemia'® and cancer of the
salivary gland.!?

Medical exposures

Strong evidence exists of increased risk from medical X- and gamma radiation exposure
for cancers of the esophagus, lung, thyroid, breast, bone and connective tissue, brain
and central nervous system, bladder, salivary gland, kidney and leukemia. This evidence

comes from studies of patients exposed to X- or gamma radiation for medical treatment or

diagnostic purposes.'t’

o Patients may be treated with radiotherapy, predominantly X-radiation, for malignant
diseases, including cancer of the breast, ovary, cervix and Hodgkin disease,’*''* which
may lead to second primary cancers later in life.

o There is also evidence of cancer following radiotherapy for benign disease, such as
benign breast disease, ankylosing spondylitis or peptic ulcer. Increased risk of certain
cancers has also been associated with diagnostic X-radiation, including multiple adult
chest fluoroscopies for pulmonary tuberculosis, multiple childhood X-rays for scoliosis
and prenatal X-ray exposure, with lower doses than those used for treatment.!!’

The cancers described above have mostly demonstrated excess relative risks up to

5 at 1 sievert from medical exposures to X- and gamma radiation."'” The exception is
thyroid cancer, for which excess relative risk estimates as high as 12 at 1 sievert have
been observed.!'” Significant dose-response relationships are apparent at high doses of
radiotherapy for many cancer sites including brain, thyroid and bone. Dose-response
relationships have also been seen for cancer of the salivary gland in patients who received
radiation therapy as children for conditions in the head and neck area!?’ and for cancer

of the breast.”
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Occupational exposures

The evidence for cancer comes from studies of medical personnel, such as radiologists
and X-ray technologists, Chernobyl clean-up workers, and nuclear industry workers in the
US and UK and in the Mayak nuclear complex in the Russian Federation.

Occupational studies have not demonstrated significantly increased risk for most cancer
sites.”V11% The exception is leukemia, for which excess relative risks of 1-16/sievert have
been observed across occupational studies, depending on the occupational groups
examined.!!’

Lung cancer had an excess relative risk of 0.1-0.6 at 1 sievert in occupational groups, such
as the Chernobyl clean-up workers and US radiation workers.!'” A positive dose-response
relationship was observed for lung cancer in a 15 country study of cancer risk among
nuclear industry workers.!?! A Canadian cohort study of occupational exposure to ionizing
radiation found a greater excess relative risk of 3/sievert.!??

BIOLOGIC MECHANISMS

All types of ionizing radiation, including X- and gamma radiation, and alpha-emitters,
such as radon, transfer energy, leading to DNA damage. This is followed by repair
responses, such as apoptosis, changes to the number or content of chromosomes to
produce abnormal chromosomes (chromosomal aberrations), mutations or transformation
of the cell, all of which can induce carcinogenesis.!%”
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DUSTS AND FIBRES

Risk factor/exposure Cancer The context where high ~ Magnitude of risk* Strength of
risks were reported evidence?
Asbestos Larynx Occupational 1.2
(all forms) Lung Occupational 2-5%
. Enwronmental . sufficient
Mesothelioma Occupational f
Environmental !
Ovary Occupational 1.3-1.8¢
Colon and rectum Occupational
Pharynx Occupational . Limited
Stomach Occupational
Silica dust, crystalline Lung Occupational 1.3-2.6° Sufficient
(in form of quartz or
crystobalite)
Wood dust Sinonasal Occupational 2-50¢ Sufficient
Nasopharynx Occupational 15-2.5

Sources: *IARC, 2012; *Lenters etal., 2011; ‘Reid et al., 2009; ‘Camargo et al., 2011; Demers et al., 1995; IARC, 1995

*Relative risk (RR) estimate for persons exposed vs. unexposed.

...Magnitude of risk not shown in table if strength of evidence could not be accurately estimated or is “limited.”

The vast majority of mesotheliomas are the result of occupational exposure to ashestos, the remaining cases are likely the result of the environment. The precise
magnitude of risk s difficult to determine.

ASBESTOS (ALL FORMS)

Background

»

Asbestos is a commercial term for a group of six fibrous minerals made of silicon
and magnesium, including amphibole minerals (actinolite, amosite, anthophyllite,
crocidolite, tremolite) and serpentine minerals (chrysotile), that are found naturally
in soil and rocks.!08123

Asbestos fibres have several desirable properties, including resistance to heat,
durability and strength, that have led to their use in a wide range of industrial
applications, most frequently involving insulation and friction materials (e.g., brake
pads and shoes).!?*

Asbestos fibres are released into the environment from the weathering or mining of
natural asbestos deposits and when asbestos-containing products are worn down or
damaged.’** The primary route of human exposure is inhalation of these airborne
asbestos fibres.!**

Exposure is most likely to occur in occupational settings. Workers in several industries
may have been or are currently exposed to asbestos, including those involved in
asbestos mining, manufacturing, construction and transportation, as well as in the
maintenance and remediation of asbestos containing structures.!?®
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There is consistent evidence that exposure to asbestos causes mesothelioma, and cancers
of the lung, larynx and ovary.!?*

There is a clear dose-response relationship between asbestos exposure and lung cancer
risk.'?® A meta-analysis has shown that people in the highest exposed groups of workers
(e.g., miners and insulators) are between 2 and 5 times more likely to develop lung
cancer.'?® The impact of different asbestos fibre types and sizes on lung cancer risk
remains unclear.'** It is uncertain whether there is an increased risk for lung cancer at
low levels of asbestos exposure.'* The magnitude of risk from environmental exposure
is too difficult to determine based on the existing literature.

Mesothelioma, in contrast, can occur at low levels of exposure to asbestos as
demonstrated by cases that occur as a result of environmental exposures. This is also
indicated by studies where household members of asbestos workers have been found to
be at risk of mesothelioma from contact with asbestos carried into the home (i.e., via hair,
shoes and clothing) from their household member’s workplace.'?"!?® The vast majority

of mesothelioma cases are the result of occupational exposure to asbestos; many of the
remaining cases are likely the result of environmental exposure.

Exposure to materials that are contaminated with asbestos is also associated with an
increased lung cancer risk. For instance, vermiculite mined in Libby, Montana was
contaminated with amphibole fibres (asbestos) and caused increased mesothelioma and
lung cancer rates.'** This asbestos-contaminated vermiculite was shipped to other areas,
including Ontario and other Canadian provinces.

Smoking does not affect the risk of mesothelioma; however, smokers who are exposed to
asbestos have a greatly increased risk of developing asbestos-related lung and laryngeal
cancer.!?

A meta-analysis found that, after adjusting for alcohol and tobacco consumption, people
exposed to asbestos have an approximately 20% higher risk of laryngeal cancer.!?
Higher risks of asbestos-related laryngeal cancer have also been observed in certain
populations.’** There is evidence of a dose-response relationship for cumulative asbestos
exposure and laryngeal cancer.'**

A dose-response relationship exists between asbestos exposure and ovarian cancer
risk;'?* some studies have found that women living near asbestos facilities have a higher
risk of ovarian cancer.'?®** Women with occupational asbestos exposure have an
approximately 30% —-80% increased risk of ovarian cancer.!?%!3!

There is limited evidence for an association between asbestos exposure and cancers of
the colon and rectum, pharynx and stomach.'?? Individuals with any exposure to asbestos
are 50% more likely to develop pharyngeal cancer and 10%—-40% more likely to develop
colorectal or stomach cancer'?*'?* compared to people with no exposure.

The biologic mechanisms by which asbestos can induce cancer include impaired fibre
clearance leading to macrophage activation, inflammation, generation of reactive oxygen
and nitrogen species, tissue injury, genotoxicity, aneuploidy and polyploidy, epigenetic
alteration, activation of signaling pathways, and resistance to apoptosis.’** A study

has also found that the release of the HMGBI1 protein triggers a chronic inflammatory
response in human mesothelial cells, which can lead to carcinogenesis.'®
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SILICA DUST, CRYSTALLINE (IN THE FORM OF QUARTZ OR CRISTOBALITE)
Background

» Silica is one of the most common minerals, naturally occurring in both crystalline and
amorphous forms.'?* The most common type of crystalline silica is a-quartz; other
common types include cristobalite and tridymite.!*

» Crystalline silica is found naturally in rocks, soil, sands, acid volcanic rocks, some
bentonite clays and in diatomateous earth, and can be produced through the conversion
of amorphous forms of silica in the presence of heat.!**

» The main categories of commercial silica products are sand and gravel (used in
manufacturing glass, ceramics, foundry and abrasives), quartz crystals (used in jewelry,
electronics and optical components), and diatomateous earth (used in filtration as fillers
in and as carriers for pesticides and other commercial products, such as cleaners).!

» Workers in industries and occupations involving the movement of earth (e.g., mining,
farming), the disturbance of silica-containing products (e.g., demolition of concrete) and
the handling or use of sand or other silica-containing products (e.g., foundry processes)
are considered to be at high risk of silica exposure,'** with inhalation the primary route
of exposure.

» Exposure in the general population is most likely to occur during the use of commercial
products containing quartz (e.g., cleansers, cosmetics, art clays and glazes, pet litter,
talcum powder, caulk, paint and mortar), with inhalation as the primary route of
exposure.'?*

e There is consistent evidence demonstrating an association between crystalline silica
(in the form of a-quartz and cristobalite dust) and lung cancer, with a clear dose-response
relationship.’** Exposure to silica dust increases lung cancer risk 1.3-2.6 fold,!?*134
with higher risks from higher exposure levels.!?*

e The established biologic mechanisms for carcinogenesis include impaired particle
clearance leading to macrophage activation and persistent inflammation.'

WOO0D DUST
Background

» Wood dust is generated during the processing of wood (e.g., via sawing, sanding).
It can come from softwood trees, which are mainly conifers, or hardwood trees, which
are primarily deciduous trees in North America.'**

» Wood dust exposure is generally highest during the manufacturing of wood furniture
and cabinets, especially during the process of machine-sanding.'?* The primary route of
exposure is inhalation of the dust.

» Since the industrial revolution, woodworking machines have increased in efficiency,
increasing both production, and the generation of more and finer wood dust.!24
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e There is consistent evidence that exposure to wood dust causes sinonasal and
nasopharyngeal cancer.'**

e For sinonasal adenocarcinoma, there is strong evidence for a dose-response relationship.
Depending on exposure level and wood dust type, risk ranges from 2-50 times that of
the general population.’®>!*¢ The highest risks for sinonasal adenocarcinoma have been
observed for people exposed to high levels of hardwood dust and very high relative risks
have been primarily observed in European studies.!?41

e People in wood-related occupations or who are exposed to wood dust are at 1.5-2.5 times
increased risk of nasopharyngeal cancer, with insufficient evidence for a dose-response
relationship.'2*

e The biologic mechanisms by which wood dust causes cancer have not been established.!?*

OTHER DUSTS AND FIBRES

e There is sufficient evidence that exposure to erionite (a fibrous zeolite similar to
asbestos) causes mesothelioma.'?* Environmental and epidemiological evidence is mainly
derived from high-risk populations where erionite is most prevalent (e.g., Turkey).!?%138

e [n occupations with high exposure to leather dust (e.g., boot, shoe or other leather
workers), there is sufficient evidence of increased risk of sinonasal cancer.'** The evidence
has come primarily from European studies.'**
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METALS

Risk factor/exposure Cancer The context where high ~ Magnitude of risk* Strength of
risks were reported evidence®
Arsenic and inorganic arsenic Lung Occupational 1.2-4.7°
compounds Environmental 1.1-2.2°
Skin Environmental 1.1-2.1% Sufficient
Bladder Environmental 1.1-3.3%
Liver Environmental
Prostate Environmental Limited
Kidney Environmental
) ; : o od
Nickel compounds Sinonasal Occupat!onal 1.1-7.8 Sufficient
Lung Occupational 1.2-3.8°
Beryllium and beryllium Lung Occupational 1.2-2.0°¢ Sufficient
compounds
Cadmium and cadmium Lung Occupational 1.1-1.8 Sufficient
compounds Prostate Occupational Limited
Kidney Occupational mite
Chromium (VI) compounds Lung Occupational 1.2-4.0°f Sufficient
Sinonasal Occupational Limited

Sources: *IARC, 2012 *Karagas et al, 2001 Mink et al., 2008 ¢INCO Ontario (ICNCM, 1990) ¢Sanderson et al., 2001 ‘Cole & Rodu, 2005

* Relative risk (RR) estimate for persons exposed vs. unexposed.
... Magnitude of risk not shown in table if strength of evidence is “probable” or “limited.”

ARSENIC AND INORGANIC ARSENIC COMPOUNDS
Background

» Arsenic is a semi-metal, with both metallic and non-metallic properties. Elemental
arsenic is rare in the earth’s crust; it is usually found as inorganic arsenic compounds
in complex minerals containing lead, iron, nickel and other metals.'*4

» Arsenic is currently used or has historically been used in several commercial
applications, including pharmaceuticals, wood preservatives, agricultural chemicals
and pesticides, the production of alloys, glass-making and in the mining industry.'**

» Environmental sources of arsenic include volcanic activity, air emissions from mining
and smelting operations, and the burning of fossil fuels. It can also leech into water
sources and the soil from geologic deposits or rocks containing arsenic, mines and
industrial sources.'*

» Ingestion of food or water contaminated with arsenic is the primary route of exposure
for the general population, while inhalation of airborne particles is the primary
occupational exposure route.'**

e There is consistent evidence that arsenic and inorganic arsenic compounds cause cancers
of the lung, bladder and skin (primarily squamous cell carcinoma).!** The evidence for
these sites comes from studies examining inhalation of arsenic and its compounds in
workers and of populations who ingested high concentrations in drinking water.'?*

e  Workers exposed to arsenic have 1.2-4.7 times the lung cancer risk of unexposed workers.!2*
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A 1.1-2.2 times greater risk of lung cancer,'** a 1.1-2.1 times greater risk of skin
cancer'®3? and a 1.1-3.3 increased risk of bladder cancer'®**’ is seen among individuals
exposed to arsenic in drinking water at levels similar to those found in Canada;!?*141.142
higher risks are seen in studies of heavily contaminated areas.

All associated cancer types show strong and consistent evidence of dose-response
relationships with concentration, duration and cumulative exposure.'?* For lung cancer,
a synergistic relationship exists between ingestion of arsenic in drinking water and
cigarette smoking, with the risk from arsenic substantially elevated in smokers.'?*

There are several proposed biologic mechanisms including oxidative DNA damage,
genomic instability and epigenetic effects.!?*

NICKEL COMPOUNDS

Background

X

Nickel is a hard metal that is found naturally in combination with other elements in the
earth’s crust and soil, and is emitted from volcanoes.'?

X

Nickel and nickel compounds are used in many processes, including the production of a
variety of alloys (including steels), plating, electroforming, the production of batteries
and as catalysts to increase the rate of chemical reactions.'*?

¥

Environmental sources of nickel include emissions from natural (e.g., volcanic activity,
weathering of nickel-containing rocks or soil) and industrial sources (e.g., mining,
milling, smelting).!**

¥

Ingestion of food contaminated with nickel, and to a lesser extent nickel in drinking
water is the primary route of exposure for the general population.!?®!?* Inhalation of
dust particles or fumes containing nickel and skin contact are the primary routes of
occupational exposure, although ingestion is also possible.!%

Nickel compounds increase lung and sinonasal cancer risk in nickel refinery workers and
lung cancer risk in nickel smelter workers.'**

Workers exposed to nickel compounds have a 1.2-3.8 times greater risk of lung cancer
than unexposed workers.!?* Specific forms of nickel such as nickel chloride, nickel sulfate,
water-soluble nickel compounds in general, insoluble nickel compounds, nickel oxides,
nickel sulfides and mostly insoluble nickel compounds, demonstrated increased risks of
lung cancer in humans.'® The strongest evidence for a dose-response relationship is with
cumulative exposure to water-soluble nickel compounds.'2*

Workers exposed to nickel compounds have a 1-8 times higher risk of sinonasal cancer
than unexposed workers,'**** with even higher risks seen in some studies of this rare and
therefore challenging to study cancer. A dose-response relationship exists for cumulative
exposure to water-soluble nickel and nickel oxide compounds.'?4

There are many established biologic mechanisms for carcinogenesis, including DNA
damage, chromosome aberrations and inhibition of DNA-repair mechanisms.'?*
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BERYLLIUM AND BERYLLIUM COMPOUNDS
Background

Beryllium is a metal occurring naturally in rocks, coal, oil, soil and volcanic dust.'?*

¥

¥

Most beryllium is converted into alloys, which are used in automobiles, computers,
sports equipment and dental bridges.'*> Other industries that use or produce beryllium
and beryllium products include aerospace, defence, energy and electrical, fire
prevention, consumer products (eg., camera shutters, bellows, computer disk drives),
manufacturing and telecommunications.!#¢

X

Occupational exposure accounts for the majority of human exposure to beryllium,
with inhalation of dust and dermal contact the main routes of exposure for this group.!%®
Ingestion of food or water contaminated with beryllium is the primary route of
exposure for the general population.!?8124

e The evidence for an increased risk of lung cancer is primarily based on workers in
beryllium processing plants, with the highest risk seen in workers hired before 1950 when
exposures were the highest.!*

e There is a 20% increased risk to as much as a 2 times increased risk of lung cancer among
workers exposed to beryllium,'**1*” with evidence for a dose-response relationship that
was strongest for the 10-year lag average-concentration exposure metric.'?*

e The established biologic mechanisms include chromosome aberrations, aneuploidy and
DNA damage.'?*

CADMIUM AND CADMIUM COMPOUNDS
Background

» Pure cadmium is a soft metal found in the earth’s crust.!**

The primary use of cadmium is in electrodes for nickel-cadmium (Ni-Cd) batteries in

X

the form of cadmium hydroxide.'** Cadmium compounds are also used in many other
applications, including pigments, coatings and platings.!*®

Inhalation is the primary route of exposure in occupational settings.'*® The highest

¥

potential exposures occur in occupations such as cadmium production and refining,
Ni-Cd battery manufacturing, cadmium pigment manufacturing and formulation,
cadmium alloy production, mechanical plating, zinc smelting, brazing with a silver-
cadmiume-silver alloy solder, and polyvinylchloride compounding.!*

X

The most common source of exposure to the general population is ingestion of
contaminated food and inhalation of cigarette smoke.'?*

e Increased risks for lung cancer have been observed largely in studies of workers in
cadmium plants and in a population-based study of residents in Belgium living near
polluted areas.'**
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e  Workers exposed to cadmium have a 10%-80% increased risk of lung cancer;'**some
studies demonstrated increased relative risks as high as 2.2-2.7 for the highest exposure
categories.”” The strongest evidence for dose-response relationships is with duration of
employment and intensity of exposure. There is also some evidence of increasing risk
with cumulative exposure.'?*

e The biologic mechanisms by which cancer risk is increased include DNA-repair inhibition
and disturbance of tumour-suppressor proteins leading to genomic instability.'?*

CHROMIUM (V1) COMPOUNDS
Background

»

¥

Chromium is a metal occurring naturally in rocks, animals, plants and soil. There are
three main forms of chromium: chromium (0), chromium (III) and chromium (VTI).*°

»

¥

Chromium (VI) compounds, known as hexavalent chromium, are rarely found in
nature, but are manufactured to be used in a variety of processes and applications,
including pigment for textile dyes, paints, inks, plastics, corrosion inhibitors, wood
preservatives and metal finishing. They can therefore be found in several consumer
products, such as stainless steel cookware.!?®

»

¥

Occupational exposures are the most likely source of high human exposure to
chromium (VI) compounds, with inhalation of dusts, mists or fumes and skin
contact with these compounds as the main routes of exposure.°

»

¥

Environmental exposure can occur through inhalation of contaminated outdoor and
indoor air or ingestion of contaminated water.'°

e (Chromium-exposed workers have an increased risk of lung cancer, which was
demonstrated in the 1980s. Evidence comes mainly from studies of workers in
the production of chromate and chromate pigment production, and in chromium
electroplating.!**

e Arecent meta-analysis found a 20% increase in lung cancer risk from exposure to
chromium (VI) when controlling for smoking;'*! some studies have found up to a 4 times
higher risk in chromium-exposed workers.!2*

e The biologic mechanisms of carcinogenicity include direct DNA damage after the
reduction of chromium (VI) to chromium (III), mutation, genomic instability, aneuploidy
and cell transformation.'?*
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INDUSTRIAL CHEMICALS

i)

Risk factor/exposure Cancer The context where high ~ Magnitude of risk*  Strength of
risks were reported evidence®
Acid mists, strong Larynx Occupational 1.2-2.5? Sufficient
inorganic Lung Occupational Limited
Benzene Leukemia (acute nonlymphocytic, ~ Occupational 1.9-3.2° Sufficient
acute myeloid)
Non-Hodgkin lymphoma Occupational
Environmental
Leukemia (acute lymphocytic, Occupational Limited
chronic lymphocytic)
Multiple myeloma Occupational
1,3-Butadiene Hematolymphatic organs Occupational 1.1-3.0* Sufficient
Formaldehyde Nasopharynx Occupational 1.1-2.7%f .
Leukemia’ Occupational 1.1-1.929 Sufficient
Sinonasal Occupational Limited
Mineral oils, untreated or Skin Occupational 122 Sufficient

mildly treated

Sources: *IARC, 2012; *Khalade et al., 2010; Delzell et al., 2006; “Bosetti et al., 2008; “Bachand et al., 2010; ‘Hauptmann et al., 2004; Zhang et al., 2009

* Relative risk (RR) estimate for persons exposed vs. unexposed.
... Magnitude of risk not shown in table if strength of evidence is “probable” or “limited.”
T Association is particularly apparent for myeloid leukemia. Relative risk presented in the magnitude of risk column is therefore for myeloid leukemia only.

ACID MISTS, STRONG INORGANIC

Background

» Strong acid mists may be produced from the use of strong inorganic acids, including

sulfuric acid.'??

» The major industries with exposure to strong inorganic acid mists are those involved in

manufacturing phosphate fertilizer, isopropanol (isopropyl alcohol), synthetic ethanol,

sulfuric acid, nitric acid and lead batteries.!?

v

The primary routes of occupational exposure to strong inorganic acid mists containing

sulfuric acid are inhalation, ingestion and dermal contact, although exposure depends

on factors such as particle size, proximity to the source and control measures in place.'?

e There is consistent evidence that strong inorganic acid mists cause cancer of the larynx!°?

and some evidence that acid mists may cause lung cancer.'*

e  Workers exposed to acid mists are at a 1.2-2.5 times increased risk of laryngeal cancer.!??

Evidence suggests a dose-response relationship with a combined measure of duration and

intensity of exposure.'*?

e The exact biologic mechanism by which strong inorganic acid mists induce cancer
remains unknown; however, the high acidity from the mists may damage DNA.1%?
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BENZENE

Background

¥

Benzene is a colourless, highly flammable liquid with a sweet odour.'>*

¥

Benzene is naturally found in petroleum products (e.g., crude oil and gasoline) and was
formerly added to unleaded gasoline. Today, it is primarily used in the production of
organic chemicals, such as styrene, phenol and chlorobenzenes.'®?

¥

Occupational exposure to benzene can occur in the rubber, paint (including paint
applications), parts-manufacturing, crude-oil refining and chemical manufacturing
industries.’”? The primary route of occupational exposure is inhalation, but exposure
can also occur through dermal absorption.!?154

¥

For the general population, the primary source of exposure is inhalation of tobacco
smoke or ambient air contaminated with benzene (e.g., in areas with heavy traffic or
surrounding gasoline-filling stations) or ingestion of food or water that is contaminated
with benzene.!??

Benzene causes acute myeloid leukemia (AML)/acute non-lymphocytic leukemia
(ANLL)."? This finding is based on studies of occupational exposure, as well as some
evidence from studies examining population exposure. There is some evidence for a
positive association with other leukemias and lymphomas.'??

Occupational benzene exposure is associated with a 2- to 3-fold increase in the risk of
AML/ANLL."® Cohort studies have shown a dose-response relationship with benzene
exposure and AML/ANLL in many industries and across several countries.'*?

Genotoxicity, particularly in pluripotent haematopoietic stem cells, is thought to be the
main biologic mechanism through which benzene causes cancer.!

1,3-BUTADIENE

Background

¥

1,3-butadiene is a colourless gas at room temperature used to produce synthetic
rubbers and polymers that are used in many products, such as automobiles,
construction materials, appliance parts, computers and telecommunication equipment,
and household articles.!®?

¥

Significant sources of 1,3-butadiene in the environment include industrial emissions,
while minor sources include vehicle exhaust, cigarette smoke and smoke from wood
fires.!” Forest fires are a natural source of 1,3-butadiene.!®

¥

The primary route of human exposure is inhalation, with the highest level of exposure
occurring in occupational settings. Much lower levels of butadiene are generally
detected in ambient air.'?

There is sufficient evidence that exposure to 1,3-butadiene causes cancer of the
hematolymphatic organs.

Workers exposed to 1,3-butadiene have an approximately 1-3 times greater risk of cancer
of the hematolymphatic organs,' with the highest risks from studies of workers
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first employed before 1950. Evidence for cancer in humans comes largely from cohort
studies of workers belonging to the styrene-butadiene rubber industry for leukemia ,
including evidence for a dose-response relationship, and the butadiene-monomer industry
for hematolymphatic malignancies in general.!®?

An ecologic study showed evidence of a dose-response relationship for environmental
levels of butadiene and the risk of childhood leukemia.'®®

There is strong evidence that the biologic mechanism through which 1,3-butadiene
induces cancer involves the formation of reactive epoxides that interact with DNA and
cause mutations.!?

FORMALDEHYDE

Background

¥

Formaldehyde is a colourless gas at room temperature with a pungent odour,

primarily used for the production of resins, which are often used in wood- and plastic-
production industries. It is also used as an intermediate in the manufacturing of
industrial chemicals and in aqueous solution (known as formalin) as a disinfectant and
preservative.!5?

¥

Formaldehyde occurs naturally in the environment, primarily at low concentrations
in the air.’®® Its primary source in ambient air is automobile exhaust but it can also
be emitted from sources such as particle boards, carpets, paints and varnishes, and
combustion processes.'?

Routes of occupational exposure include inhalation of formaldehyde gas and

X

particulates'®® and absorption through the skin and eye following contact with formalin
solutions or liquid resins.!%®

There is consistent evidence that formaldehyde exposure causes cancer of the
nasopharynx and now sufficient evidence that it causes leukemia, particularly myeloid
leukemia.®!* Limited evidence suggests that formaldehyde exposure may also cause
sinonasal cancer. The evidence for nasopharyngeal cancer comes from a large cohort
study of industrial workers exposed to formaldehyde in the US, as well as several large
case-control studies.’ The evidence for leukemia comes from proportionate mortality
studies of professional workers (e.g., embalmers, funeral parlour workers, pathologists)
and from two large industrial cohort studies.!®?

Occupational exposures to formaldehyde increase myeloid leukemia risk by 10% —
90% %151 with the upper end of the range for occupations known to have high exposures.
The strongest evidence for a dose-response relationship has been observed for peak

exposure levels.'??

Occupational exposures to formaldehyde increase nasopharyngeal cancer risk by
10%-30% 69162 glthough the risk increases as much as 2-fold with high occupational
exposure.'® Significant dose-response relationships have been observed for peak
exposure, cumulative exposure and duration of exposure (for differentiated squamous
cell and unspecified epithelial nasopharyngeal cancer).!®

There is strong evidence that genotoxicity is the biologic mechanism responsible for the
development of nasopharyngeal cancer and that formaldehyde causes cellular replication,
which promotes carcinogenicity.’® Genotoxicity may also be the underlying biologic
mechanism causing leukemia,'”® although further research is needed in this area.
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MINERAL OILS, UNTREATED OR MILDLY TREATED
Background

¥

Mineral oils are complex mixtures of hydrocarbons prepared from crude petroleum oil;
their exact composition and physical properties depend on the crude oil and refining
processes used.!®*

¥

Mineral oils are used in many products, including lubricants (e.g., engine oils, machining
fluids, transmission fluids) and non-lubricant products (e.g., agricultural spray oils,
printing inks).!6*

¥

Occupations with opportunities for mineral oil exposure include metalworking, printing-
press operating, and cotton- and jute-spinning, with inhalation and skin absorption as
important routes of exposure.'® Non-occupational exposure is largely from ingestion of
contaminated food.!??

¥

In the past, mineral oils were untreated or only mildly refined. Because of advances in
refining processes in recent decades, however, most mineral oils in use today are highly
refined.’®

e Based on occupational exposures, untreated or mildly treated mineral oils cause skin cancer,
specifically of the scrotum.'® This conclusion was largely based on case reports and case
series from the early 1900s to the 1960s, and further supported by several epidemiological
studies of occupational exposures. It is thus largely from periods when mildly treated oils
were still in use.

e There is an approximately 20% increased risk of skin cancer from exposure to mildly treated
mineral oils,"”*with higher risks observed in older studies of scrotal cancer. An increased risk
for all skin cancers is observed, although the strongest evidence is for melanoma. Studies
have seen up to a 2 times higher risk for melanoma from exposure to mineral-oil based
metalworking fluids.'®® Magnitudes of risk relevant to current exposures were difficult to
determine due to the change in carcinogenicity of the mineral oils currently used.

e There is weak evidence for the biologic mechanism causing skin cancer.'® Further research
needs to be conducted.

e (Current refining procedures used for mineral oils have reduced the levels of polycyclic
aromatic hydrocarbons and other contaminants, thereby reducing the carcinogenicity of the
oil. Since there are limitations in accessing direct exposure to highly-treated mineral oils,
the International Agency for Research on Cancer (IARC) concluded that there is insufficient
evidence for the carcinogenicity of highly-treated mineral oils.!??

OTHER INDUSTRIAL CHEMICALS

This section highlighted the most commonly used workplace chemicals in Canada, but there
are other chemicals that have been classified as carcinogenic by IARC.*? Bis(chloromethyl)ether,
chloromethyl methyl ether (technical grade), and sulfur mustard, for example, cause lung cancer and
aflatoxins and vinyl chloride cause liver cancer. Other chemicals classified as group 1 carcinogens
include: 2-Aminobiphenyl, benzidine, 2-Naphthylamine, ortho-toluidine, 2,3,7,8-tetrachlorodibenzo-
para-dioxin, aristolochic acid, dyes metabolized to benzidine, ethylene oxide, 4,4-methylenebis
(2-chloroaniline), 3,4,5,3’ 4-pentachlorobiphenyl (PCB-126), 2,3,4,7,8-pentachlorodibenzofuran.
More information on the evidence supporting these carcinogens including the associated
cancers sites can be found in the recent IARC review of Group 1 carcinogens.'*?
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COMPLEX MIXTURES

Risk factor/exposure Cancer The context where high ~ Magnitude of risk*  Strength of
risks were reported evidence?

Diesel engine exhaust Lung Occupational 1.2-1.8>9 Sufficient
Bladder Occupational Limited

Polycyclic aromatic Lung Occupational 1.1-2.3*h

hydrocarhons Skin Occupational 2.2-4.0" Sufficient
Bladder Occupational 1.4-2.4

PM, Lung Environmental 1.15-1.371% N/A

Abbreviations: PM, , = Particulate matter less than 25 ym in diameter.

Sources: *IARC, 2012; "Attfield et al., 2012; Silverman et al., 2012; “Garshick et al., 2012; °Laden et al., 2006; ‘Olsson et al., 2011; °Pintos et al., 2012; "Partanen & Boffetta,
1994; ‘Chen et al., 2008; 'Turner et al., 2017; “Lepeule et al., 2012

*Relative risk (RR) estimate: exposed vs. unexposed (diesel engine exhaust and polycyclic aromatic hydrocarbons); per 10 ug/m’ increase in PM, ..
... Magnitude of risk not shown in table if strength of evidence is “probable” or “limited.”

DIESEL ENGINE EXHAUST
Background

» Diesel engine exhaust is a complex mixture of gases (e.g., carbon monoxide, nitrogen
oxides, benzene, formaldehyde) and diesel particulate matter (DPM), with polycyclic
aromatic hydrocarbons and nitroarenes distributed in both gas and particulate
phases.!%6

» Occupations with a potential for high exposures to diesel engine exhaust include
miners, truck drivers, railroad workers, firefighters, dockworkers and diesel-powered
equipment mechanics.'*” For the general population, ambient air is the main exposure
source, particularly in areas with heavy diesel vehicle traffic.!5®

» Inhalation is the primary route of both environmental and occupational exposure to
diesel engine exhaust.'

e The International Agency for Research on Cancer (IARC) recently classified diesel
engine exhaust as a human lung carcinogen.’®® Strong evidence comes from three cohort
studies of highly exposed occupational groups—miners, truck drivers and railroad
workers'®-1”_—and two pooled case-control studies that include Canadian data.'™'™

e  Workers generally experience a 20% —-80% increased lung cancer risk across different
exposure scenarios. Underground miners, who experience some of the highest exposures,
have 2- to 3-fold risks of lung cancer.! Although the evidence that diesel exhaust causes
bladder cancer is inconclusive, a meta-analysis of studies of many exposed occupations
estimates 10%-40% increases in risk.!™

e Dose-response relationships with lung cancer appear most consistently for measures
of cumulative exposure.!617013.1% Some studies have demonstrated a strong interaction
between diesel exhaust and smoking, 71717

e Environmental exposure to diesel exhaust also presents risks to the general population;
residents of urban areas with heavy diesel pollution are exposed to levels that would
cause a 50% increase in lifetime lung cancer risk.'s®
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The biologic mechanism through which diesel engine exhaust induces cancer is
genotoxicity.'® The vast majority (95%) of DPM is composed of particles less than 2.5
pm in diameter,'™ small enough to be inhaled deep into the lungs, where there are no
mechanisms to remove debris. Other toxic and independently carcinogenic components
of diesel exhaust may also contribute to its carcinogenicity.

POLYCYCLIC AROMATIC HYDROCARBONS

Background

» Polycyclic aromatic hydrocarbons (PAHs) are a group of more than 100 compounds
containing carbon and hydrogen atoms in two or more benzene rings.!’® They are formed
during incomplete combustion of organic material, such as coal, oil, wood or gas.!?*"8

» PAHs generally exist as complex mixtures, such as coal-tar pitch (the residue formed
during the distillation of coal tar) and soot.'”™ However, benzo[a]pyrene, a simple PAH,
is often used as an indicator for PAH exposure.

» PAHs can be found in ambient air pollution, as well as in water, soil and sediments.
Major sources of PAH exposure include motor-vehicle exhaust, industrial emissions,
forest fires, tobacco smoke and fumes from cooking, furnaces, fireplaces and wood
stoves.’” PAHs are also found in some foods (e.g., charbroiled meats, vegetables and
crops grown in contaminated soils).!??

» Occupational groups highly exposed to PAHs include workers in aluminum production,
roadway paving and roofing, coal gasification, coal-tar distillation, coke production and
chimney sweeps.'*?

» The primary route of exposure in humans is inhalation, although skin contact in
occupational settings and ingestion of PAH-containing foods for the general population
are also possible routes.!?>!™

IARC has classified individual PAHs or PAH-related exposures as carcinogenic, including
benzo[a]pyrene, coal tar pitch and soot,'” based on occupational exposures to PAHs
shown to cause cancer of the lung, skin and bladder. Many other specific PAHs have been
classified as probable or possible carcinogens.

Evidence for lung cancer comes from many different PAH-related exposures. There is
consistent evidence demonstrating that exposure to coal-tar pitch in roofing and paving
or to soot in chimney sweeps causes lung cancer.'”? A 1.2-2.3 times increased risk of lung
cancer is seen for road pavers,*?roofers'®’ and chimney sweeps.'®® A large cohort study
of chimney sweeps also found evidence of a dose-response relationship with duration of
employment after adjusting for smoking.'®! Other occupations with an increased risk of

lung cancer include aluminum production, coal gasification and coke production.

The strongest evidence for skin cancer from PAH exposure comes from occupational
exposure to soot in chimney sweeps and coal-tar pitch in roofing and paving, which
also has exposure to bitumen. The risk of non-melanoma skin cancer varies

across occupational groups; risk is increased 2.2 times for road pavers and highway
maintenance workers and 4-fold for roofers.!®°

The strongest evidence for bladder cancer comes from aluminum production workers,
demonstrating a 1.4-2.4 times greater risk among this group'? and a significant
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dose-response relationship with cumulative exposure to benzo[a]pyrene.!s%183

Some evidence suggests increased risks of bladder cancer from occupational exposure
to soot in chimney sweeps and to coal-tar pitch in roofing and paving, but not enough to
support a causal association.!”

e For most PAH-related exposures, there is strong evidence for genotoxicity as the main
biologic mechanism causing cancer; the exception is soot and aluminum production for
which the evidence for genotoxicity is weaker.!?>

PARTICULATE MATTER (< 2.5 pm)
Background

»

¥

Particulate matter (PM) consists of small solid particles or liquid droplets suspended
in air.'™ PM smaller than 2.5 micrometres (im) in diameter is known as PM, _ and is
sometimes referred to as “fine” or “respirable” particulate matter.

»

¥

PM, . consists of a complex mixture of acids (nitrates or sulfates), organic chemicals,
elemental and organic carbon, and metals.'$*

»

¥

PM, . is formed from all types of combustion processes, either directly or indirectly
from precursor gases, such as nitrogen oxides, sulphur dioxides, volatile organic
compounds and ammonia.'®*

»

¥

Major PM, . emission sources in Ontario are fuel combustion from motor vehicles,
residential wood burning (fireplaces and wood stoves), and industrial processes.'8
Other sources include forest fires, electric power generation and industrial processes,
such as mining and smelting.!%*

»

¥

The route of exposure is inhalation; its small particle size makes PM, . a greater
health concern than other sub-groups of particulate matter because it is of capable of
penetrating more deeply into the alveolar regions of the lungs, where gas exchange
occurs, and there are no effective clearance mechanisms.

e The potential carcinogenicity of PM, ; has not been specifically evaluated by IARC;
however, a strong body of evidence suggests that environmental exposure to PM, _ causes
a number of adverse health effects, including lung cancer.

e Arecent systematic review summarized the risk of lung cancer as increasing linearly
in a dose-response fashion by 15%—-21% per 10 ng/m?® increase in ambient PM, _ levels,
with some increase in risk observed at all exposure levels.'® Other studies have found
lung cancer risk among non-smokers of 15%—-27%'% and 37%'*" per 10 ng/m?® increase in
ambient PM, ..

e Those living in close proximity to major industrial sources (e.g., smelters, foundries,
chemical industries) or heavy road traffic are especially at risk,'®® given their long-term
exposure to high ambient levels of particulate air pollution.

e There are several potential biologic mechanisms leading to lung cancer. For instance,
local inflammatory responses can cause tissue damage, and particles may enter
the bloodstream and have systematic effects. Oxidative stress is another important
mechanism that has cytotoxic and genotoxic effects, generating free radicals and
damaging DNA.!%9
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INFECTIOUS AGENTS

Risk factor/exposure

Cancers with sufficient evidence®

Cancers with limited evidence?

Epstein-Barr virus (EBV)

Nasopharynx, Burkitt's lymphoma,
immune-suppression-related non-Hodgkin
lymphoma, extranodal NK/T-cell lymphoma
(nasal type), Hodgkin lymphoma

Stomach, lympho-epithelioma-like carcinoma

Hepatitis B virus (HBV) Liver* Bile duct’, non-Hodgkin lymphoma
Hepatitis C virus (HCV) Liver*, non-Hodgkin lymphoma Bile duct’

Human herpes virus 8 Kaposi sarcoma, primary effusion lymphoma Multicentric Castleman’s disease
(HHV-8)*

Human immunodeficiency
virus, type 1 (HIV-1)

Kaposi sarcoma, non-Hodgkin lymphoma,
Hodgkin lymphoma, cervix, anus, conjunctiva

Vulva, vagina, penis, skin (non-melanoma), liver*

Human papillomavirus Cervix, vulva, vagina, penis, anus, oral cavity, Larynx
(HPV)* oropharynx, tonsil
Human T-cell lymphotrophic  Adult T-cell leukemia, lymphoma
virus, type 1 (HTLV-1)*
Helicobacter pylori Stomach!, low-grade B-cell mucosa-associated
lymphoid tissue (MALT) gastric lymphoma
Liver flukes Bile duct
(C. sinensis, 0. viverrini)
Schistosoma haematobium Bladder
Schistosoma japonicum Liver

Source: ?IARC, 2012

" Association is with hepatocellular carcinoma.
t Association is with cholangiocarcinoma.

#Agent is a necessary but not sufficient cause of at least one of the associated cancers listed.
SHPV types classified by IARCas Group 1 carcinogens: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59.

IAssociation is with non-cardia gastric carcinoma.

EPSTEIN-BARR VIRUS
Background

¥

Epstein-Barr virus (EBV) is a human herpes virus, transmitted primarily through

saliva. Some evidence also suggests a potential for sexual transmission.!”

¥

EBV infection is common and usually does not cause serious illness. Childhood

infections are generally asymptomatic or cause only mild illness, while infection during
adolescence and young adulthood (most common in developed countries) can appear as
infectious mononucleosis.'*’

¥

life-long latent state.'®
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Epstein-Barr virus (EBV) causes nasopharyngeal carcinoma, Burkitt’s lymphoma, non-
Hodgkin lymphoma (immune-suppression-related), extranodal NK/T-cell lymphoma
(nasal type), and Hodgkin lymphoma. Limited evidence suggests that EBV may cause
gastric carcinoma and lympho-epithelioma-like carcinoma.!*°

EBV is most strongly associated with nasopharyngeal carcinoma and various lymphomas:
» EBV DNA can be detected in the tissue of nearly 100% of nasopharyngeal cancers of
the undifferentiated form, endemic Burkitt’s lymphomas and extranodal NK/T-cell

lymphomas (nasal type).'”° In western countries, EBV DNA is found in roughly 40%—
50% of Hodgkin lymphomas.'*!

Several observational studies have found biomarkers of EBV infection associated with

¥

nasopharyngeal carcinoma, Burkitt’s lymphoma, Hodgkin lymphoma, non-Hodgkin
lymphoma and nasal type extranodal NK/T-cell lymphoma.'”’ Some cancers appear to
have a positive dose-response relationship with EBV antibodies.!?>1%

EBV may interact with several other factors to modify the risk of developing cancer:

» For Burkitt’s lymphoma, particularly the endemic type, EBV seems to act as a co-factor
with malaria.'#*1%3

» The risk of Hodgkin lymphoma is increased for EBV-infected individuals with
compromised immune systems or human immunodeficiency virus (HIV) infection.!%*

EBV may induce cancer through several biologic mechanisms: EBV gene products can
induce cell proliferation, inhibit apoptosis, induce genomic instability before or during
tumour development, and promote tumour maintenance and cell growth.*

HEPATITIS B VIRUS AND HEPATITIS C VIRUS

Background

¥

Hepatitis B virus (HBV) is a small hepadnavirus and hepatitis C virus (HCV) is a
flavivirus. HBV and HCV are highly contagious and are transmitted through contact
with infected blood via blood transfusions, injection drug use, childbirth and needle-
stick injuries. Transmission through sexual contact is also common for HBV because it
can be transmitted in body fluids other than blood.'*

HBV or HCV infections can be symptomatic or asymptomatic and may be completely

¥

cleared by the host’s immune system or may develop into a chronic infection that
usually persists throughout life;' only 2% 5% of adults infected with HBV will become
chronically infected, while most HCV infections will become persistent.!*°

Chronic infection with hepatitis B or hepatitis C causes liver cancer (hepatocellular
carcinoma) and may cause cancer of the bile duct (cholangiocarcinoma). Chronic HCV
infection (and possibly chronic HBV infection) also causes non-Hodgkin lymphoma,
especially of the B-cells.'*°

Estimates of cancer risk associated with HBV and HCV vary widely across studies,
likely due to differences in HBV/HCV prevalence in study populations and in duration of
infection:
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o Relative risk estimates for hepatocellular carcinoma associated with HBV range from
9.6 to 74 and from 1.5 to 87.4 in cohort and case-control studies, respectively.!?

o Hepatocellular carcinoma risk in people infected with HCV is 2.5- to 88-fold greater
than the risk in uninfected people in cohort studies’ and 8.1- to 17.3-fold greater in
meta-analyses.'> 17 Non-Hodgkin lymphoma risk has been estimated at 2.5- to 5.7-fold
greater among people infected with HCV.198199

An increased risk of hepatocellular carcinoma may exist even in the absence of
serological markers for current infection.'*

Co-infection with HBV and HCV is associated with a greater increase in risk of
hepatocellular carcinoma than infection with either virus alone. HBV and HCV infection
both appear to interact with tobacco use to influence liver cancer risk (see tobacco
section on page 7).

HBV and HCV cause carcinogenesis tndirectly through the development of chronic
inflammatory liver disease (fibrosis, cirrhosis and, less often, chronic hepatitis).
These conditions involve greater turnover of liver cells, which increases the risk of
acquiring genetic mutations and may allow for the acquisition of selective growth
advantages. HBV and HCV may also directly promote carcinogenesis through integration
of the viral genome into host DNA and/or expression of viral proteins; further research
is needed to clarify the cancer-causing mechanisms of these infections.!*°

HUMAN HERPES VIRUS 8 (HHV-8)

Background

» Human herpesvirus 8 (HHV-8), also known as Kaposi sarcoma herpes virus, is a
gamma-2 type herpesvirus, primarily transmitted through saliva.'*

» The risk of HHV-8 transmission is high among immunocompromised people, including
individuals with end-stage renal disease, transplant recipients and individuals with
HIV. Homosexual activity, the number of sexual partners and previous history of
sexually transmitted infections are also associated with infection.'?

Human herpes virus 8 (HHV-8) causes Kaposi sarcoma and primary effusion lymphoma,
a rare B-cell non-Hodgkin lymphoma. HHV-8 has also been associated with multicentric
Castleman’s disease.!*"

Several observational studies, mostly in transplant recipients and people infected with
HIV, have estimated the risk of Kaposi sarcoma to be at least 10-fold greater in people
infected with HHV-8.1" The excess risk of primary effusion lymphoma associated with
HHV-8 infection cannot be quantified since HHV-8 is used in diagnosing this cancer.

HHV-8 shows a positive dose-response relationship with Kaposi sarcoma risk, in people
who are and who are not infected with HIV-1, with risk increasing relative to increasing
titre of antibodies against HHV-8, a marker of viral load.20%2!

HHV-8 is a necessary, but not sufficient, cause of Kaposi sarcoma. Co-infection with HIV
and, to a lesser extent, other immunocompromised states are important co-factors in the
development of Kaposi sarcoma.'”’

HHV-8 may induce carcinogenesis through several biologic mechanisms, such as
promoting cell proliferation, blocking apoptosis, inducing genomic instability, and
controlling cell migration and tumour progression.'
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HUMAN IMMUNODEFICIENCY VIRUS TYPE 1 (HIV-1)
Background

» Human immunodeficiency virus type 1 (HIV-1) is a human retrovirus that attacks
the immune system. It is transmitted primarily through sexual contact, contact with
infected blood (e.g., through blood transfusions or injection drug use) and mother-to-
child transmission during pregnancy, childbirth or breastfeeding.!*

¥

HIV infection leads to chronic, progressive illness that leaves the immune system
unable to fight off other infections. This advanced stage of disease is known as
acquired immunodeficiency syndrome (AIDS).!°

e HIV-1 causes Kaposi sarcoma, non-Hodgkin lymphoma, Hodgkin lymphoma, and cancer of
the cervix, anus and conjunctiva. HIV-1 may also cause cancer of the vulva, vagina, penis
and liver (hepatocellular carcinoma), as well as skin cancers other than melanoma.'’

e HIV infection increases the risk of developing Kaposi sarcoma by as much as several
thousand times.!”* Individuals infected with HIV also have a 100-200 times greater risk of
non-Hodgkin lymphoma (most often the B-cell type),2°? a roughly 30 times greater risk of
anal cancer,?”? and approximately 10 times greater risk of Hodgkin lymphoma and cancer
of the conjunctiva.'?®2%2 Cervical cancer risk is 5-10 times greater in HIV infected people
than the general population.'9%:202

e For AIDS-defining cancers, including Kaposi sarcoma and non-Hodgkin lymphoma, an
inverse dose-response relationship with immune competence is apparent; risk rises as
immune competence declines over the duration of infection.!%203

e Antiretroviral therapy generally reduces the risk of many HIV-associated cancers but
risk still remains high compared to the uninfected population. Since the introduction of
highly active antiretroviral therapy (HAART) in the mid-1990s, the incidence of several
AlDs-defining cancers, including Kaposi sarcoma and non-Hodgkin lymphoma, has
declined.!?*294205 Hodgkin lymphoma incidence, however, has unexpectedly increased
following the introduction of HAART.204206

e HIV primarily increases the risk of several cancers indirectly through
immunosuppression, which allows increased replication of other oncogenic viruses such
as EBV, HHV-8 and HPV.1%°

HUMAN PAPILLOMAVIRUS (HPV)
Background

¥

Papillomaviruses are small viruses that predominantly infect squamous epithelial cells
and lead to abnormal tissue growth. There are over 120 types of human papillomavirus
(HPV), transmitted mainly by skin-to-skin or skin-to-mucosa contact, most often
during sexual activity.'*’

¥

HPV infections are most common in the anogenital tract, but can occur on the face,
feet, hands, and in the mucosal area of the upper aero-digestive tract.!*

¥

Most HPV infections are asymptomatic and will be cleared by the immune system
within two years of infection. A small percentage of infections, however, become
persistent.!?°
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Several types of human papillomavirus (HPV) are classified by the International Agency
for Research on Cancer (IARC) as Group 1 carcinogens in humans (HPV 16,18,31,33,35,
39,45,51,562,566,58,59). HPV 16 causes cancer of the cervix, vulva, vagina, penis, anus, oral
cavity, oropharynx and tonsil, and is associated with laryngeal cancer. Cervical cancer is
also caused by other high-risk HPV types (18,31,33,35,39,45,51,52,56,58,59), with limited
evidence supporting a role for several additional HPV types. HPV 18 may also cause
cancer of the vulva, vagina, penis, anus, oral cavity and oropharynx. HPV 33 may cause
cancer of the vulva and anus.'?

The carcinogenicity for HPV is most established and strongest for cervical cancer, but
increased risks are seen for other cancers, as well:

o HPV DNA is found in almost all cervical cancer cases and HPV infection is considered
necessary for its development.?’"2 Women infected with HPV have at least a 50-fold
increased risk of cervical cancer or its immediate precursor, cervical intraepithelial
neoplasia grade three (CIN3).'" Persistent infection is particularly important for this
cancer’s development.'?

o HPV is found in 20% -50% of vulvar cancers,'”*2" 60%-70% of vaginal cancers,?"2%
roughly 45% of penile tumours,?%2 80%-90% of anal cancers,?*2% 4% -74% of oral
cavity tumours and 20%-70% of tumours in the oropharynx.'”” The HPV-associated
risk increases for these tumours are generally less than 5- to 10-fold—far lower than for
cervical cancer.!®

The HPV-associated cancer risk is specific for the type of oncogenic HPV infection:

o For cervical cancer, HPV 16 and 18 are the most common HPV types present in tumour
tissues, detected in over half and over 15% of cases, respectively.?®

o The risk of cervical cancer associated with HPV 16 appears to be an order of magnitude
higher than that for all other oncogenic types, although strong risks are also associated
with HPV 18 (particularly for cervical adenocarcinoma). Risks are generally lower for
other high risk HPV types, although these associations are difficult to study due to a
high potential for co-infection with other, and potentially more potent, HPV types.'?

o In addition, HPV 16 is the most common HPV type detected in tumours of the vulva,%”
vagina, 2 anus,?" penis,?'%2!! oral cavity and oropharynx,*? and it is the only type of
HPV presently causally associated with these cancers. Although other HPV types (HPV
18 and 33 [vulva and anus only]) may also cause these cancers, studies of type-specific
cancer risk are limited by small numbers of cases and co-infection with other HPV
types.'?

Infection with a high-risk type of HPV is a necessary, but not sufficient, cause of cervical
cancer. Co-factors include tobacco smoking, parity, immunosuppression and co-infection
with other sexually transmitted agents, such as chlamydia trachomatis, herpes simplex
virus or HIV. Hormonal factors, diet and genetic susceptibility may also act as co-factors
with HPV; more research is needed to investigate these hypotheses.'?

In vitro and im vivo evidence supports a direct oncogenic role for HPV, particularly for
cervical cancer. HPV may promote carcinogenesis by becoming incorporated into the host
genome or through the production of viral proteins, potentially resulting in disordered
cell replication, inhibition of apoptosis, induction of genomic instability, and deregulation
of the immune system.!*"
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HUMAN T-CELL LYMPHOTROPHIC VIRUS, TYPE 1 (HTLV-1)
Background

» Human T-cell lymphotrophic virus type 1 (HTLV-1) is a retrovirus in the same class as
HIV, with three possible modes of transmission: vertical mother-to-child transmission,
sexual contact and parenteral transmission through injection or blood transfusion.
Breastfeeding is the most common transmission mode in endemic areas (e.g., South-
west Japan, parts of sub-Saharan Africa, the Caribbean and South America), while
sexual contact is most common in the Western world.'*°

¥

Most individuals infected with HTLV-1 will remain asymptomatic; however, up to 10%
of infected people are at risk of developing a serious associated disease during their
lifetime.!?°

e Human T-cell lymphotrophic virus, type-1 (HTLV-1) causes adult T-cell leukemia/
lymphoma (ATLL).1%

e HTLV-1is considered a necessary cause of ATLL and indicators of HTLV-1 infection are
used in the ATLL diagnosis. HTLV-1 carriers have an estimated lifetime risk of ATLL of
2%—-4% , with the latency period from infection to ATLL development estimated to be
upwards of several decades.'”

e Several factors can modify ATLL risk among HTLV-1 carriers: male HTLV-1 carriers
have a higher risk than female carriers; childhood infection may pose a higher risk than
infection later in life; familial clustering of ATLL in endemic areas suggests genetic
influences in ATLL development.'*°

e HTLV-1 can induce ATLL in humans through the expression of viral proteins, particularly
the Tax protein, which can immortalize and transform T-cells.!?

HELICOBACTER PYLORI
Background

» Helicobacter pylort (H. pylori) is a small bacterium that lives in the stomach mucosa
and can lead to stomach inflammation. H. pylor? infection is thought to occur through
four possible means: fecal-oral transmission through contaminated water or food,
oral-oral transmission among mothers who pre-chew food given to infants, gastric-oral
through exposure to infected vomit and iatrogenic through contaminated medical
instruments or occupational exposure.'?’

» H. pylort infection may be treated by various combinations of antibiotics or other anti-
acid drugs, whereas untreated infections will typically persist for life.!*

e Helicobacter pylori (H. pylori) causes stomach cancer (non-cardia gastric carcinoma)
and low-grade B-cell mucosa-associated lymphoid tissue (MALT) gastric lymphoma, a
rare form of non-Hodgkin lymphoma.°

e Meta-analyses have estimated a 2- to 3-fold increased risk for non-cardia gastric
cancer from H. pylori infection;*3-21 this may, however, be an underestimate since
H. pylori infection often disappears as the stomach becomes increasingly damaged.!*°
Individuals with H. pylori also have an approximately 3-fold increased risk of
MALT lymphoma.2!
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Cancer risk in the presence of H. pylor? is influenced by several other factors including
H. pylori strain, host immune response and environmental factors.’® Several dietary
factors, for example, may interact with H. pylori to influence gastric cancer development;
in the presence of H. pylori, high dietary salt may promote gastric cancer, while
vegetables and fruit may inhibit the process.'*2" Tobacco smoking may interact with

H. pylori in the development of gastric cancer.!?0217

Antibiotic treatment for H. pylori infection can reduce the risk of MALT gastric
lymphoma; 62%—-100% of people with this cancer experience complete remission
following eradication of the infection.'” While H. pylori eradication may reduce the
progression of early gastric lesions, its effect on advanced premalignant gastric lesions is
unclear.!

H. pylori infection results in chronic inflammation of the stomach mucosa that
progresses to permanent damage followed by abnormal tissue development and
eventually cancer.'”

OTHER INFECTIOUS AGENTS

Background

¥

Liver flukes (O. viverrini and C. sinensis) and schistosomes (S. harmatobium) are
flat, parasitic worms that can infect and live in the human biliary tract (particularly the
intrahepatic bile ducts) and the bladder, respectively.!?

» Human infection with liver flukes or schistosomes is often asymptomatic and is usually
caused by ingesting raw or inadequately cooked fish containing liver flukes or water
containing schistosomes in the infectious stage of their reproductive cycle.!®

Liver fluke infection is most common in East and Southeast Asia while schistosome

¥

infection is most common in Africa and Southeast Asia; both may appear in Canada due
to travel or immigration.!*°

Liver flukes (O. viverrini and C. stnensis) cause cancer of the bile duct
(cholangiocarcinoma) and schistosomes ('S. harmatobium,) cause bladder cancer.'*’

Studies mostly conducted in Thailand (O. viverrini) or Korea (C. sinensis)

have reported a 1.3- to 27.1-fold greater risk of developing cancer of the bile duct
(cholangiocarcinoma) in the presence of O. viverrini and a 2.7- to 13.6-fold greater risk
in the presence of C. sinensis.**°

Case-control studies have found a 1.7- to 15-fold greater risk of urinary bladder cancer
associated with S. haematobium infection,*’ with the most recent study reporting
greater risk with first infection at younger ages (< 15 years) and a long time since
diagnosis.?8

Liver flukes and schistosomes likely contribute to the development of cancers by inducing
chronic inflammation that may activate oxidative stress pathways and lead to potentially
harmful DNA alterations. Liver flukes may also directly activate cell proliferation and
inhibit apoptosis.'*®
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GENETIC SUSCEPTIBILITY TO CANCER

gl

Cancer Major familial susceptibility Major genes Gene function Mode of
syndromes inheritance®
Breast and ovary Hereditary breast and ovarian BRCAT, BRCA2 Tumour suppressor Dominant
cancer syndrome
Li-Fraumeni syndrome (breast) p53, CHEK2 Tumour suppressor Dominant
Cowden syndrome (breast) PTEN Tumour suppressor Dominant
HNPCC/Lynch syndrome (ovary) MLHT, MSH2, DNA repair Dominant
MSH6, PMS2
Ataxia telangiectasia (breastand ~ ATM DNA repair Recessive
ovary)
Peutz-Jeghers syndrome (breast STKT1 Tumour suppressor ~ Dominant
and ovary)
Colon and rectum HNPCC/Lynch syndrome MLHT, MSH2, DNA repair Dominant
MSH6, PMS2
Familial adenomatous polyposis APC Tumour suppressor ~ Dominant
(FAP), including attenuated FAP
MYH-associated polyposis MYH DNA repair Recessive
Peutz-Jeghers syndrome STK11 Tumour suppressor ~ Dominant
Juvenile polyposis SMAD4/DP(4 Tumour suppressor ~ Dominant
Prostate Hereditary prostate cancer ..
Hereditary breast and ovarian cancer ~ BRCAT, BRCA2 Tumour suppressor Dominant
syndrome
Li-Fraumeni syndrome p53, CHEK2 Tumour suppressor Dominant
Leukemia/lymphoma Bloom syndrome BIM DNA repair Recessive
Ataxia telangiectasia ATM DNA repair Recessive
Fanconi anemia FANCA,B,GDEEG DNA repair Recessive
Down syndrome Chromosome 21*
Pediatric cancers Retinoblastoma RB1 Tumour suppressor ~ Dominant
Wilms tumour syndromes® wr1 Tumour suppressor ~ Dominant

* Dominant inheritance refers to a gene variant on any non-sex chromosome that will always be expressed, regardless of the other variant of that gene present.
Recessive inheritance refers to a gene variant that will only be expressed when two copies of that variant are present.

fSeveral susceptibility loci have been identified but associated genes unknown.

#Down syndrome involves aneuploidy, specifically an extra copy of chromosome 21, instead of a mutation on a single major gene.
S Includes Beckwith-Wiedemann syndrome and familial Wilms tumours not associated with a WT7 germline mutation.

Introduction: cancer genetics

e (Clustering of cancer in families is not uncommon and may be due to shared environmental

exposures and/or inherited genetic factors, including complex interactions between the two.

e Several clinical features suggest an underlying hereditary/genetic basis for cancer, including:
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Features in the individual patient Features in the patient’s family

multiple primary tumours in the same organ - Tfirst-degree relative with the same or a
multiple primary tumours in different organs related tumour and at least one individual feature
bilateral primary tumours in paired organs - >2first-degree relatives with tumour of the same site
multifocality within asingle organ - = 2first-degree relatives with tumour types of

- younger-than-usual age at diagnosis a known familial cancer syndrome
unusual histology - = 2first-degree relatives with rare tumours
in the sex not usually affected - >2relativesin two generations with tumour of

- associated with other genetic traits the same site or etiologically related sites

- associated with congenital defects

- associated with an inherited precursor lesion

- associated with another rare disease

- associated with cutaneous lesions known to be

associated with cancer susceptibility disorders

Source: Modified from Weber et al., 2003%"

Most known hereditary cancer susceptibility genes are rare and have a high penetrance
(the proportion of individuals carrying a given variant of a gene [allele or genotype] that
also express its associated trait). However, such genes likely account for only a small
proportion of cancers, with a larger proportion due to common variation in one or several
low penetrance genes that interact with other genes or environmental factors

(e.g., tobacco smoke, alcohol) .

Information on potential genetic modifiers for cancer is rapidly emerging, but remains

of little clinical value at the present due to methodological challenges in identifying

and validating such genes. This summary therefore focuses on well-established familial
cancer susceptibility syndromes for common cancers. A comprehensive overview of all
cancer susceptibility syndromes and their associated cancers is outlined in other reviews,
including Lindor et al.”

BREAST AND OVARIAN CANCER

Family history is a well-established risk factor for breast and ovarian cancer. It is
estimated that 5% -10% of all breast and ovarian cancers are due to highly penetrant

germline mutations in a single cancer susceptibility gene.® Several breast and ovarian

cancer susceptibility genes have been identified to date, most of which are inherited in an

autosomal dominant manner.

Hereditary breast/ovarian cancer syndromes (BRCA1/BRCA2 associated)

Hereditary breast and ovarian cancer syndromes, involving germline mutations to

the BRCAI or BRCAZ gene, account for most hereditary breast and ovarian cancers.”
Certain populations, including those of Ashkenazi Jewish descent, have particularly high
prevalence of BRCAI or BRCAZ2 mutations.”

BRCAZ2-related breast cancers appear clinically similar to sporadic cancers. BRCAI-
related breast cancers, in contrast, have higher than expected frequencies of medullary
histology, high histologic grade, and a greater likelihood of having the “triple-negative”
phenotype (i.e., estrogen receptor negative, progesterone receptor negative and negative
for HER 2/neu overexpression). BRCAI- and BRCAZ2-associated ovarian cancers are more
likely than sporadic cancers to be serous adenocarcinomas and less likely to be mucinous
and borderline.”
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The penetrance of BRCAI and BRCAZ mutations is high in both breast and ovarian
cancer, although estimates vary widely depending on the population.?? Two large meta-
analyses estimated the cumulative risk of breast cancer by age 70 as 556%—-65% for BRCA1
and 45%—-49% for BRCAZ2.221:222 The cumulative risk of ovarian cancer by age 70 in these
studies was 39% for BRCA1 and 11%-18% for BRCAR2.221:222

Breast and ovarian cancer risk among BRCA1 and BRCAZ carriers can likely be modified
by other factors. Surgical removal of the ovaries and oral contraceptives, for example,

Other potential modifiers, including reproductive and genetic factors, remain unclear.?*

BRCAI and BRCA2 mutations are most strongly associated with breast and ovarian
cancer, but also increase the risk of several other cancers, including cancer of the
fallopian tubes and primary peritoneum. They are also consistently associated with
cancer of the prostate, pancreas and male breast, although the evidence for these cancers
is stronger for BRCA2.%°

Li-Fraumeni syndrome

Li-Fraumeni syndrome (LFS) is a rare cancer predisposition syndrome characterized
by pre-menopausal breast cancer, sarcoma (soft tissue and bone), leukemia and
adrenocortical carcinoma.”

LFS is associated with a high lifetime risk of developing cancer. Cancer-specific risks
cannot be estimated since LF'S is so rare; however, individuals with LF'S have a 50%
chance of developing any type of cancer before age 30 and a 90% chance by age 70.%26
The risk of cancer is particularly high in females with LF'S, compared to males.??"

Cowden syndrome

Cowden syndrome is an autosomal dominant disorder, characterized by multiple
hamartomas (benign malformations of tissues that resemble tumours) and an increased
risk of female breast cancer, thyroid cancer (non-medullary) and endometrial cancer.
Cowden syndrome may also increase the likelihood of developing other cancers such as
gastrointestinal malignancies.”

The lifetime risk of cancer associated with Cowden syndrome is highest for breast cancer,
estimated to be as high as 85%, with a 50% risk by age 50.2? Penetrance for thyroid and
endometrial cancer ranges from nearly 30% to 35% .28

Other genetic syndromes associated with breast and/or ovarian cancer

Hereditary breast cancer may be caused by Peutz-Jeghers syndrome and ataxia-
telangiectasia. Peutz-Jeghers syndrome is also associated with hereditary ovarian cancer,
as is hereditary non-polyposis colorectal cancer (HNPCC)/Lynch syndrome. These
syndromes are outlined below.
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COLORECTAL CANCER
Hereditary non-polyposis colorectal cancer (HNPCC)

e Hereditary non-polyposis colorectal cancer (HNPCC), also known as Lynch syndrome,
is the most common type of hereditary colorectal cancer.” It is caused by germline
mutations in at least one of four genes involved in mismatch repair (see table on page 55).

e The majority of HNPCC cases are caused by mutations in the MLHI and MSHZ genes.??*
The risk of developing colorectal cancer before age 70 among MLH1 and MSH2
heterozygotes is estimated to range from 52% to as high as 82% .22 Substantially lower
risk estimates have consistently been shown for both MSH6 and PMS2 mutations.

e HNPCC is characterized by early onset of colorectal cancer (mean diagnosis age
44-61),%% a predisposition for multiple colorectal tumours, a predominance of proximal
colon (right-sided) tumours and predisposition for poorly differentiated tumours.?*°

e HNPCC is also associated with an increased risk of several other cancers, including
cancer of the endometrium, ovary, stomach, small intestine, hepatobiliary tract, upper
urinary tract, brain and skin. Endometrial cancer risk among women with HNPCC is
estimated as 256%—-60% before age 70; the associated risk for all other HNPCC-related
cancers is much lower.?2?

Familial adenomatous polyposis (FAP) and attenuated FAP

e Familial adenomatous polyposis (FAP) and attenuated FAP are autosomal dominant
disorders characterized by the development of clusters of precancerous polyps in the
colon (hundreds to thousands in FAP and less than 100 in attenuated FAP).2%

e [fleft untreated, individuals with classical FAP have almost a 100% chance of developing
colorectal cancer in their lifetime, with an average age at diagnosis of 39.2%! Lifetime
colorectal cancer risk is slightly lower in people with attenuated FAP (approximately 70%
by age 80) and the average age of diagnosis is 10—15 years later than in classical FAP.2%

e (Colorectal cancer is the predominant malignancy associated with FAP, but individuals
with FAP also have an increased risk of cancer of the small intestine as well as several
extraintestinal malignancies, such as thyroid cancer (non-medullary), hepatoblastoma,
brain cancer (particularly medullablastoma), stomach cancer and pancreatic cancer.?*!
The absolute lifetime risks for these cancers resulting from FAP are, however, lower than
the FAP-associated risk of colorectal cancer (< 1% -12%).2!

MYH-associated polyposis (MAP)

e MYH-associated polyposis (MAP) is an autosomal recessive syndrome resulting from
inherited mutations in the MYH gene. MAP frequently has a clinical presentation that
resembles attenuated FAP, including the presence of multiple colorectal polyps appearing
before age 30, but may present with a broad spectrum of clinical features.?*°

e Individuals with MAP have a high risk of colorectal cancer. The risk of developing this
cancer by age 70 in patients with mutations in both copies of the MYH gene (homozygous
or biallelic carriers) has been estimated to be as high as 80%.2** Risk in patients with
mutations in one copy of the MYH gene (heterozygous or monoallelic carriers), however,
remains somewhat unclear.
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e [vidence for tumours outside of the colon in patients with MAP is somewhat limited,
although cancers of the stomach, small intestine, endometrium and several other body
sites have been reported.”

Peutz-Jeghers syndrome (PJS)

e Peutz-Jeghers syndrome (PJS) is a rare genetic disorder characterized by multiple
gastrointestinal hamartomous polyps, hyperpigmentation of the lips and buccal mucosa,
and an increased risk of several gastrointestinal and extraintestinal cancers.?*

e Individuals with PJS have a high lifetime risk of developing cancers, the majority of them
gastrointestinal. A recent systematic review and meta-analysis estimated the lifetime risk
of any cancer to be as high as 93% in patients with PJS, with a nearly 70% lifetime risk of
developing any gastrointestinal cancer and a 39% chance of colorectal cancer.?**

e [Extraintestinal cancers occurring in excess in PJS include cancers of the pancreas, lung,
breast, uterus, ovary, cervix and testes. Of these, breast cancer and pancreatic cancer
have the highest lifetime risk in PJS patients.?

Other genetic syndromes associated with colorectal cancer

e Juvenile polyposis is a rare genetic syndrome, characterized by childhood-onset
hamartomatous polyposis in the gastrointestinal tract, which can cause hereditary
colorectal cancer.”

PROSTATE CANCER

Familial clustering of prostate cancer is well documented.?* Although familial clustering
may occur due to shared environmental exposures or by chance due to the high incidence of
prostate cancer, results of early twin studies support a hereditary basis.?*® Similar to breast
and ovarian cancer, an estimated 5% —-10% of all prostate cancer diagnoses are attributed to
inherited genetic factors or susceptibility genes.?*

Hereditary prostate cancer syndromes

e Hereditary prostate cancer appears to be complex and heterogeneous. Several segregation
analyses of high-risk families support the existence of one or several highly penetrant
prostate cancer susceptibility genes.?® An autosomal dominant mode of inheritance is
supported by most studies, although one study found an autosomal recessive inheritance
pattern®” and another suggested an X-linked pattern that was most apparent for older
ages at diagnosis.?*

e Several prostate cancer susceptibility loci have been identified in linkage analyses,
including hereditary prostate cancer (HPC) 1, HPC2, PCAP, HPCX, CAPB, HPC20, 8p and
8q.”” The specific genes at these loci that are responsible for prostate cancer susceptibility
are yet to be identified. The RNASEL gene has been proposed as a candidate for
HPC1%%%%4° and the MSRI gene has been proposed as a candidate for the 8p loci®***? but
additional research is needed to confirm these findings.
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Other genetic syndromes associated with prostate cancer

e Asmentioned above, BRCAI and BRCAZ mutations are associated with increased
susceptibility to prostate cancer.

LEUKEMIA/LYMPHOMA

Several hematopoietic cancers are associated with genetic predisposition syndromes,
although inherited syndromes account for a small percentage of hematopoietic tumours.?*?
These disorders primarily involve genes involved in DNA repair, cell cycle regulation, and
promotion of apoptosis or cell proliferation.

Bloom syndrome

e Bloom syndrome is a rare autosomal recessive disorder characterized by a short
stature, but primarily normal body proportions, hypersensitivity to the sun on the
face resulting in a butterfly rash, sterility in males or reduced fertility in females, and
immunodeficiency.””

e [ndividuals with Bloom syndrome have an increased risk of several cancer types.
Before age 20, leukemia (acute myeloid and acute lymphoid) and lymphoma are the
most common types of cancer diagnosed, but carcinomas of the tongue, larynx, lung,
esophagus, colon, skin, breast and cervix become more common during the mid-20s to
early-30s.%

Ataxia-telangiectasia

e Ataxia-telangiectasia (AT) is a rare autosomal recessive disorder characterized by
cerebellar ataxia (lack of coordinated muscle movement) that begins early in childhood
and progresses over time, and telangiectasias (small blood vessels near the surface of the
skin) on areas of the skin exposed to sun and the conjunctiva.””

e AT patients have a 38% chance of developing any cancer, with lymphoid malignancies,
particularly non-Hodgkin lymphoma and acute or chronic lymphocytic leukemia,
accounting for roughly 85% .24 Several other cancers, such as breast, ovary, stomach and
skin, have also been reported in AT.” In addition, AT patients also have an increased
risk of secondary brain cancers following radiotherapy for a first cancer due to a
hypersensitivity to ionizing radiation.?**

Fanconi anemia

e Fanconi anemia is a rare autosomal recessive disease, caused by mutations in up to 15
genes involved in DNA repair/stability. It is most frequently characterized by physical
abnormalities (e.g., short stature, deformities of the limbs and extremities), bone marrow
failure and increased cancer susceptibility.2*®

e [anconi anemia is predominantly associated with an increased susceptibility to
leukemia, primarily acute myeloid leukemia. Fanconi anemia patients have a roughly
500-fold greater risk of acute myeloid leukemia compared to the general population.?#®
An increased risk of squamous cell carcinoma of the head and neck, esophagus, and
gynecologic system is also seen in Fanconi anemia patients.?* Fanconi anemia patients
have an increased sensitivity to chemotherapy and radiation and therefore have a high
risk of morbidity following cancer treatment.”
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Down syndrome

e Down syndrome, often referred to as trisomy 21, is a condition involving aneuploidy
(an abnormal number of chromosomes); specifically, an extra copy of chromosome number
21. It is characterized by several craniofacial dysmorphisms, a variety of congenital
defects, mental retardation, decreased muscle tone at birth and early dementia.?*®

e An increased risk of leukemia in children with Down syndrome is well established, with
most contemporary studies estimating a 10- to 20-fold higher risk of acute leukemia in
children with Down syndrome compared to the general population.?4-2*8 The magnitude
of the increased risk of childhood leukemia appears to wane with age, with a much higher
risk observed in children younger than 5 years old, and is particularly high for acute
megakaryocytic leukemia (AMKL), a rare form of acute myeloid leukemia (AML).2#

e Patients with Down syndrome, however, have a significantly lower risk of solid tumours in
both childhood and adulthood, compared to the general population.24524

Other inherited leukemia/lymphoma predisposition syndromes

Several other genetic susceptibility syndromes are associated with increased risk of leukemia
and/or lymphoma but are not outlined here in detail. Examples of these include syndromes
involving deficiencies in DNA damage repair, such as Nijmegen breakage syndrome;
syndromes involving defects in cell cycle regulation and differentiation such as Li-Fraumeni
syndrome, neurofibromatosis type 1 and Noonan and Noonan-like syndrome; syndromes
involving genes that encode transcription factors, such as familial platelet disorder and
CEBPA-dependent familial acute myeloid leukemia; and syndromes involving aneuploidy.?4¢

FAMILIAL SUSCEPTIBILITY SYNDROMES RELATED TO PEDIATRIC CANCERS
Retinoblastoma

e Retinoblastoma is a malignant tumour of the retina in the eye that occurs early in
childhood, with the majority of cases diagnosed before age 5. It occurs when there are
deleterious mutations to both copies of the RBI gene; the heritable form involves germline
mutations to at least one copy of the RBI gene.?*°

e People with a hereditary predisposition to retinoblastoma due to RBI mutations have
over a 90% risk of developing this cancer.” Absolute risk, including the laterality of the
tumour (i.e., if one or both eyes are affected), likely depends on the mutation type and
other genetic modifiers.??!

e Individuals with germline RB1 mutations are also at an increased risk of second primary
cancers, particularly osteosarcoma, other sarcomas and melanoma, following treatment
with radiotherapy.2®®

Wilms tumour

e Wilms tumour is a childhood malignancy of the kidney cell progenitors that usually
occurs before age 5. An estimated 10%—-15% of Wilms tumours are heritable, although
the genetic causes appear to be heterogeneous and complex.??
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e Several congenital syndromes are associated with a predisposition for Wilms tumour.
These include syndromes involving germline mutations to the WT'1 gene (chromosome
11p13), including Wilms tumour, anidria, genital anomalies, retardation (WAGR)
syndrome, Denys-Drash syndrome and Frasier syndrome. Beckwith-Wiedemann
syndrome, which is caused by abnormal regulation of gene transcription on chromosome
11pl15, is also associated with Wilms tumour.2?

e [n addition, germline W71 mutations may predispose children to Wilms tumour in the
absence of a congenital anomaly or congenital syndrome. These mutations may be passed
down from a family member or may develop de novo during germ cell formation.??

e Only a small proportion of Wilms tumour patients with a family history of this tumour
have germline WTI mutations.?** Other familial predisposition genes have been mapped
to genetic loci on chromosome 17q (called FWT1) and 19q (called FWT2), but the specific
genes involved have not been identified.?*

OTHER HEREDITARY CANCER SYNDROMES

Several other hereditary cancer predisposition syndromes are associated with less common
cancers than those outlined above. The 54 known hereditary cancer syndromes are
described in detail by Lindor et al.;* some examples of these include the following:

¢ Genodermatoses, such as familial melanoma syndromes, most strongly associated with
increased risk of cutaneous melanoma; Gorlin syndrome/nevoid basal cell carcinoma
syndrome, which is associated with an increased risk of basal cell carcinoma; and
xeroderma pigmentosum, which is associated with hypersensitivity to sunlight and a
corresponding increased risk of all types of skin cancer (melanoma, basal cell carcinoma,
squamous cell carcinoma).

e Endocrine tumour syndromes, such as multiple endocrine neoplasia type 1 (MEN 1),
which is most frequently associated with parathyroid adenomas, pancreatic islet cell
tumours and pituitary adenomas; multiple endocrine neoplasia type 2 (MEN 2), which is
strongly associated with medullary thyroid cancer; and familial papillary thyroid cancer.

e Hereditary pancreatic cancer syndromes, such as hereditary pancreatic
adenocarcinoma and hereditary pancreatitis, as well as several other syndromes outlined
above, including hereditary breast and ovarian cancer syndrome (BRCA1/BRCAZ2
associated) and Peutz-Jeghers syndrome.
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MEDICAL CONDITIONS AND TREATMENTS

i)

Risk factor/exposure Cancer Direction of
association
Inflammatory and autoimmune conditions
Inflammatory bowel disease Colon and rectum, small intestine T
Celiac disease and dermatitis herpetiformis
Rheumatoid arthritis and systemic lupus erythematosus Lymphoma T
Sjoren syndrome
Hashimoto thyroiditis
Diabetes Liver, pancreas, colon and rectum, endometrium, T
breast, bladder
Prostate )
Other medical conditions
GERD and Barrett esophagus Esophagus” T
Cryptorchidism Testis T
Benign breast disease Breast T
Medical radiation (therapy and diagnostics)
X-radiation and gamma radiation Esophagus, bone and connective tissue, brain and central T
nervous system, bladder, kidney, leukemia, thyroid
Radioiodines, including iodine-131 Thyroid T
Phosphorus-32 Acute leukemia T
Antineoplastic drugs
Busulfan, chlorambucil, melphalan, semustine (methyl-CCNU), Acute myeloid leukemia T
treosulfan, etoposide (in combination with cisplatin and bleomycin)
(yclophosphamide Acute myeloid leukemia, bladder T
Thiotepa Leukemia T
MOPP combined chemotherapy Acute myeloid leukemia, lung T
Chlornaphazine Bladder )
Tamoxifen Endometrium T
Other medications
Methoxsalen + UVA (PUVA) Skin (SCC) T
Immunosuppressive drug: azathioprine Non-Hodgkin lymphoma, skin T
Immunosuppressive drug: cyclosporine Non-Hodgkin lymphoma, skin, multiple others )
Non-steroidal anti-inflammatory drugs Colon and rectum, other digestive tract J

(esophagus, stomach)

Abbreviations: MOPP= chlormethine (mechlorethamine), vincristine (oncovin), procarbazine, and prednisone; GERD= gastroesophageal reflux disease;

SCC= squamous cell carcinoma; UVA= ultraviolet A

*Association is for adenocarcinoma only.

MEDICAL CONDITIONS

Inflammatory and autoimmune conditions

e There is strong evidence that inflammatory bowel diseases (IBD), including Crohn’s
disease and ulcerative colitis (UC), increase the risk of cancer of the colon and rectum
and of the small intestine.®* Emerging evidence suggests that IBD, particularly Crohn’s

disease, may also cause certain extra-intestinal cancers and lymphoma.2>*

o Meta-analyses have estimated colorectal cancer risk to be 1.5-2.5 times greater

among people with Crohn’s disease?7 or UC.%8 Crohn’s disease is associated

with an approximately 30 times greater risk of cancer of the small intestine,2>%-27
although the absolute individual risk remains low since this cancer is quite rare. UC
is also associated with a significantly elevated risk of small intestinal cancer but the

magnitude appears lower than for Crohn’s disease.?"’
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o Colorectal cancer risk is particularly high among people with an early age of IBD onset,
longer duration of disease, more extensive disease and more severe inflammation.2%°
Males with UC appear to have a higher risk than females.?

e Several other autoimmune and other chronic inflammatory conditions, including
rheumatoid arthritis, Sjogren syndrome, systemic lupus erythematosus, chronic
Hashimoto thyroiditis, and celiac disease and its cutaneous manifestation dermatitis
herpetiformis, show a consistent association with increased risk of malignant lymphomas,
most often non-Hodgkin lymphoma.?® Lymphoma risk may also be associated with
psoriasis, systemic sclerosis and sarcoidosis.

o Results from the largest studies suggest the association is weakest for rheumatoid
arthritis and strongest for Sjogren syndrome, with more moderate associations for
systemic lupus erythematosus, celiac disease and Hashimoto thyroiditis.?%

e Autoimmune and inflammatory conditions promote the development of cancer through
their associated chronic inflammatory response.

Diabetes

e Diabetes consistently shows a strong positive association with the development of cancers
of the liver, pancreas, colon and rectum, bladder, endometrium and breast. Prostate
cancer risk is inversely associated with diabetes.26?

e Diabetes appears to be most strongly associated with cancer of the liver and pancreas,
the two organs directly involved in diabetes.?®> Meta-analyses demonstrate a 2- to 2.5-
fold increased risk of these cancers, as well as endometrial cancer among people with
diabetes,?%2% although pancreatic cancer may be overestimated, since some diabetes
cases may be caused by this cancer itself. A more modest increase in risk is observed for
colorectal, bladder, and breast cancer, with risk of these cancers estimated to be 1.2- to
1.5-fold higher among diabetics.?7-27

e Several aspects of the relationship between diabetes and cancer risk remain uncertain.
The effect of diabetes type, for example, is unknown, since most studies have included type
2 diabetes patients only or have not distinguished between types.?® Several diabetes medications
(e.g., metformin, exogenous insulin) have been implicated in affecting cancer risk and
progression among diabetes patients, but the evidence for specific drugs remains limited. 26

e Jtis unclear if diabetes is associated with cancer indirectly due to shared risk factors
(e.g., obesity) incompletely controlled for in existing studies or if diabetes has a direct
causal relationship with these cancers.?6? Biologic mechanisms of action proposed for a
potential direct link involve the role of circulating insulin (hyperinsulinemia) and/or
chronic inflammation characteristic of diabetes, both of which may directly stimulate cell
signalling pathways involved in carcinogenesis. Hyperinsulinemia may influence levels of
other hormones associated with cancer development, while oxidative stress from chronic
inflammation can damage cellular DNA or interfere with DNA repair.25
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Gastroesophageal reflux disease and Barrett esophagus

Gastroesophageal reflux disease (GERD) and Barrett esophagus are both established
risk factors for cancer of the esophagus (adenocarcinoma), with most cases of Barrett
esophagus arising from long-term GERD.?"

People with recurrent GERD symptoms have an overall 5- to 8-fold increased risk of
esophageal adenocarcinoma.?®28 A positive dose-response with both duration and
severity (including frequency) of GERD symptoms is apparent,?7®28° with risk rising
to upwards of 40-fold greater among people with the longest lasting and most severe
symptoms.?8!

Barrett esophagus is the precursor to esophageal adenocarcinoma. Relative to the general
population, Barrett esophagus is associated with a high risk of esophageal adenocarcinoma,
although the precise risk magnitude is debateable as older studies have reported much
higher estimates than more recent, higher quality studies.?”"?*2 The absolute risk of
developing esophageal adenocarcinoma for any given individual with Barrett esophagus
is, however, very low.27282-28" The risk of progression from Barrett esophagus to cancer
likely depends on factors such as the severity of dysplasia and the length of the esophagus
affected.?8%.286

Treatments for GERD and Barrett esophagus (e.g., proton pump inhibitors, hydrogen
receptor antagonists, surgical methods) are effective at relieving reflux symptoms,
but there is insufficient evidence to support their ability to prevent esophageal
adenocarcinoma. 7288

Esophageal adenocarcinoma is thought to develop through a sequence of progressive
steps, but the mechanisms that drive this progression from GERD and Barrett esophagus
remain unclear.?” Potential mechanisms include the direct promotion of tumour
development in response to esophageal epithelium that has been damaged by acid, pepsin
and/or bile salts contained in gastroesophageal reflux; induction of an inflammatory
response following damage to the esophageal epithelium; and the acquisition of multiple
genetic and epigenetic changes during the progression from metaplasia to cancer.?”

Cryptorchidism

Cryptorchidism (a congenital abnormality of the genitourinary tract in which one or
both testes fail to descend into the scrotum before birth) is the most well established risk
factor for testicular cancer.%

Cryptorchidism is associated with a 2.75- to 8-fold greater risk of testicular cancer
overall.?% This increased risk is restricted to the undescended testis in males with only
one undescended testis and is attenuated in males who undergo orchiopexy (a surgical
procedure to move the undescended testicle into the scrotum) before age 12.2%
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Benign breast disease

e Benign breast disease is a well-established risk factor for breast cancer. Women with
non-proliferative lesions have a minimal increase in breast cancer risk compared to the
general population. Proliferative lesions without atypia are associated with a small (1.5-
to 2-fold) increase in breast cancer risk and proliferative lesions with atypia (i.e., atypical
ductal hyperplasia and atypical lobular hyperplasia) are associated with a moderate
increase (3.5- to 6-fold).?*°

e Breast cancer risk among women with benign breast disease may be modified by other
factors, such as age at diagnosis for benign breast disease and family history of breast
cancer; risk appears particularly high among women diagnosed with benign breast
disease before menopause and some studies have reported particularly high risks among
women with both benign breast disease and a family history.2?%2%

MEDICAL RADIATION (DIAGNOSTICS AND THERAPY)
X-radiation and gamma radiation

e Medical exposures to X- and gamma radiation include diagnostic tests, such as traditional
radiography (e.g., X-rays), fluoroscopy (e.g., angioplasty) and computed tomography, as
well as exposures from treatments, such as radiation therapy to treat cancer or benign
conditions. The epidemiologic evidence supporting the association between medical X-
and gamma radiation and cancer is outlined in the “Other Radiation” section (see page 29).

Radioiodines, including iodine-131

e Radioiodines, including iodine-131(**'I), are carcinogenic to humans (Group 1), causing
cancer of the thyroid.”! Associations have also been observed between radioiodines and
leukemias as well as cancers of the digestive tract, salivary gland, bone and soft tissue.”

e Asignificantly higher risk of primary thyroid cancer has been seen among people
being treated for hyperthyroidism with *'I and people exposed to *'I for diagnostic
purposes. Although most studies have been based on small numbers of cases and have
lacked detailed information on *'I dose, people exposed to !I for medical purposes
are estimated to have a 1.3- to 3.9-fold greater risk of thyroid cancer than the general
population.” Childhood medical exposure has not been directly examined, but studies
on exposures to radioactive iodines from the Chernobyl accident suggest that exposure
during childhood and adolescence is particularly harmful.?2

Phosphorus-32

e Therapeutic phosphorus-32 (*P), administered as phosphate, is carcinogenic to humans
(Group 1), causing acute leukemia in patients with polycythaemsia vera (a blood disorder
in which the bone marrow produces too many red blood cells).”

e A positive dose-response has been demonstrated between *P dose and acute leukemia risk
among patients being treated for polycythaemia vera. While interpretation is difficult
due to the potential for concomitant administration of other potentially carcinogenic
treatments,” the largest study to date estimated a nearly 9-fold greater risk of acute
myeloid leukemia/myelodysplatic syndrome among polycthaemia vera patients treated
with **P compared to patients receiving traditional non-carcinogenic therapy.?*
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Biologic mechanisms

All types of ionizing radiation damage DNA and may induce cancer through several
mechanisms, including epigenetic changes resulting in genome instability, changes
to the content and number of chromosomes and regulation of apoptosis, as well as
the transformation of normal healthy cells through a bystander effect of being beside
carcinogenic cells.”!

PHARMACEUTICALS

Antineoplastic drugs

The International Agency for Research on Cancer (IARC) has classified 11 antineoplastic
drugs (busulfan, chlorambucil, cyclophosphamide, melphalan, semustine [methyl-
CCNU], thiotepa, treosulfan, MOPP combined chemotherapy, etoposide (in combination
with cisplatin and bleomycin), chlornaphazine, tamoxifen) as Group 1 carcinogens in
humans.®® Their use in treating primary cancers most commonly causes secondary
leukemia, particularly acute myeloid leukemia (AML). The exceptions are chlornaphazine
and tamoxifen, which cause secondary cancer of the bladder and endometrium,
respectively. Cyclophosphamide and MOPP combined chemotherapy respectively cause
cancer of the bladder and lung (in addition to AML).%°

Antineoplastic drugs can induce carcinogenesis through distinct mechanisms, depending
on the class of the drug:®°

o Alkylating agents and antineoplastic drugs that are metabolized to alkylating agents (all
carcinogenic antineoplastics except for MOPP combined chemotherapy, etoposide, and
tamoxifen) can bind to DNA and potentially induce mutations in normal healthy cells.

o Topoisomerase II inhibitors, such as etoposide, interfere with the ability of the enzyme
DNA polymerase to replicate a DNA strand, leading to mutations, chromosomal
aberrations and/or an abnormal number of chromosomes (aneuploidy).

o Tamoxifen, a hormonal treatment for breast cancer, may promote cancer development
through an estrogen receptor-dependent pathway. Tamoxifen is a selective estrogen
receptor modulator that acts as an estrogen receptor antagonist in the breast but an
estrogen receptor agonist in the bones and uterus, stimulating endometrial epithelial
cell proliferation.

Methoxsalen plus ultraviolet A radiation photochemotherapy (PUVA)

Methoxsalen is a naturally derived psoralen and photosensitizer, primarily used together
with ultraviolet A radiation (PUVA photochemotherapy) to treat psoriasis and other

skin conditions, such as vitiligo.®* PUVA may also be used to prevent rejection and graft
versus host disease following organ transplantation. PUVA is classified as carcinogenic
to humans (Group 1), with sufficient evidence that it causes cutaneous squamous cell
carcinoma.®
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Several studies of psoriasis patients have consistently demonstrated the carcinogenic
effect of PUVA therapy, with the risk of cutaneous squamous cell carcinoma
approximately 5-10 times greater than in the general population.®” These may, however,
be overestimates, since psoriasis patients are frequently exposed to other potentially
carcinogenic agents.

Methoxsalen can promote carcinogenesis through several genotoxic events following
photo-activation by UVA radiation. Photoproducts of methoxsalen can also bind to DNA
(i.e., form DNA adducts), potentially interfering with DNA repair and replication.®

Immunosuppressive drugs

An increased risk of cancer in organ transplant recipients is well established,’ with
particularly high risks of cancer types that are causally associated with viral infections,
including lymphomas, Kaposi sarcoma, anogenital cancers and liver cancer.??#2% The
excess risk is primarily due to therapeutic immunosuppression used to prevent organ
rejection and graft versus host disease.?”

Azathioprine and cyclosporine, two immunosuppressive drugs commonly used in organ
transplant recipients or for the treatment of autoimmune disorders, are classified by the
International Agency for Research on Cancer (IARC) as carcinogenic to humans (Group
1).8° Both cause non-Hodgkin lymphoma and skin cancer (squamous cell carcinoma).
Cyclosporine has also been shown to cause many other cancers (i.e., Kaposi sarcoma
and cancers of the oral cavity, cervix, colon and rectum and liver).%°

Epidemiologic evidence supporting the carcinogenicity of azathioprine and cyclosporine
in humans has largely come from studies of organ transplant recipients and people with
autoimmune disorders. The individual effect of these drugs is difficult to ascertain, since
they are often used in combination with other drugs or for varying periods of time.2%

Azathioprine and cyclosporine can induce cancer through two primary mechanisms:%°

o As immunosuppressants they may allow for the development of lymphoproliferative
disorders and malignancies, predominantly of viral origin, due to compromised immune
surveillance.

o They may directly promote cancer development through their effect on cellular
DNA. Azathioprine, for example, causes 6-thioguanine to accumulate in DNA, while
cyclosporine can induce oxidative stress pathways, both resulting in DNA damage.

Non-steroidal anti-inflammatory drugs (NSAIDs)

e Non-steroidal anti-inflammatory drugs (NSAIDs), particularly aspirin, may protect
against cancer. Aspirin is consistently associated with a reduced risk of colorectal
cancer and other cancers of the digestive tract, including the esophagus and stomach.
Aspirin may also possibly protect against cancers of the breast and prostate, while the
relationship with lung cancer is inconsistent.?%

e Meta-analyses of observational studies and pooled results of multiple European
randomized control trials of aspirin use for the prevention of cardiovascular disease
have estimated that regular aspirin use (at least 1-2 tablets/week) reduces the risk of
colorectal cancer by 20% —30% 297298
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Strong reductions (30%—-40%) in the risk of esophageal and stomach cancer have also
been associated with regular aspirin use, while the risk reduction for cancers of the
breast and prostate appears to be more modest.??

The dose and duration of aspirin use required for a protective effect against cancer is
uncertain. For colorectal cancer, observational studies differ in their definition of regular
aspirin use and few have examined the effect of dose,*” while results of randomized
control trials are inconsistent; the European randomized control trials show a beneficial
effect on colorectal cancer for any dose over 75 mg/day after treatment for at least 5 years
and a latency of about 10 years,??®2% while two US randomized control trials of low-dose
(75-300 mg) aspirin with average follow-up of 10 years showed no reduction in colorectal
cancer risk.?0%3!

Several mechanisms have been proposed through which NSAIDs reduce cancer risk;
they can inhibit the cyclooxygenase (COX) enzyme, which is abnormally expressed

in cancer cells and has been implicated in cancer development, tumour growth and
apoptosis. Aspirin and other NSAIDs may also limit cell proliferation and activate tumour
suppressor genes, independent of the COX pathway.?*"
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APPENDIX A

CRITERIA FOR ASSESSING STRENGTH OF EVIDENCE

a. Criteria used by the World Cancer Research Fund/American Institute for
Cancer Research

The terms “convincing” and “probable,” used to classify the strength of evidence for the
relationship between a risk factor or exposure to an agent and a specific cancer type, were
based on the following criteria:

Convincing

These criteria are for evidence strong enough to support a judgement of a convincing causal
relationship, which justifies goals and recommendations designed to reduce the incidence
of cancer. A convincing relationship should be robust enough to be highly unlikely to be
modified in the foreseeable future as new evidence accumulates. All of the following are
generally required:

e evidence from more than one study type
e evidence from at least two independent cohort studies

e 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

e 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

e 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

e strong and plausible experimental evidence, either from human studies or relevant animal
models, that typical human exposures can lead to relevant cancer outcomes

Probable

These criteria are for evidence strong enough to support a judgement of a probable causal
relationship, which would generally justify goals and recommendations designed to reduce the
incidence of cancer. All of the following are generally required:

e evidence from at least two independent cohort studies or at least five case-control studies

e no substantial unexplained heterogeneity between or within study types in the presence
or absence of an association or direction of effect

e good quality studies to exclude with confidence the possibility that the observed
association results from random or systematic error and selection bias

e evidence for biological plausibility
Source:

World Cancer Research Fund/American Institute for Cancer Research. Food, Nutrition, Physical Activity, and the Prevention of Cancer: a Global Perspective.
Washington DC: AICR, 2007. Page 60.
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b. Criteria used by the International Agency for Research on Cancer (IARC):

The terms “sufficient” and “limited,” used to classify the strength of evidence for the
relationship between a risk factor or exposure to an agent and a specific cancer type, were
assigned based on the following general criteria:

Sufficient evidence of carcinogenicity in humans

The TARC Working Group uses the term “sufficient evidence” when a causal relationship has
been established between exposure to the agent and human cancer at the target organ(s) or
tissue(s). That is, when a positive relationship has been observed between the exposure and
cancer at the target organ(s) or tissue(s) in studies in which chance, bias and confounding
could be ruled out with reasonable confidence. Identification of a specific target organ or
tissue does not preclude the possibility that the agent may cause cancer at other sites.

Limited evidence of carcinogenicity in humans

The term “limited evidence” is used when a positive association is observed between
exposure to the agent and cancer at the target organ(s) or tissues(s) in humans and a
causal relationship is considered by the Working Group to be credible, but chance, bias or
confounding could not be ruled out with reasonable confidence.

In addition to classifying a relationship between exposure to the agent and human cancer at a
specific target organ or tissue, IARC classifies the strength of the evidence for carcinogenicity
in experimental animals and also considers mechanistic and other relevant data. The body of

evidence is then considered as a whole to provide an overall evaluation of the carcinogenicity

of the agent itself. Agents with Group 1 or Group 2A classifications are included in this report.

The criteria for these classifications are as follows:

Group 1: the agent is carcinogenic to humans

This category is used when there is sufficient evidence of carcinogenicity in humans (for at
least one target organ or tissue). Exceptionally, an agent may be placed in this category when
evidence of carcinogenicity in humans is less than sufficient but there is sufficient evidence
of carcinogenicity in experimental animals and strong evidence in exposed humans that the
agent acts through a relevant mechanism.

Group 2A: the agent is probably carcinogenic to humans

This category is used when there is limited evidence of carcinogenicity in humans and
sufficient evidence of carcinogenicity in experimental animals. In some cases, an agent
may be classified in this category when there is inadequate evidence of carcinogenicity
in humans and sufficient evidence of carcinogenicity in experimental animals and strong
evidence that the carcinogenesis is mediated by a mechanism that also operates in humans.

Exceptionally, an agent may be classified in this category solely on the basis of lzmzited
evidence of carcinogenicity in humans. An agent may be assigned to this category if it
clearly belongs, based on mechanistic considerations, to a class of agents for which one or
more members have been classified in Group 1 or Group 2A.

Source:
Areview of human carcinogens. Part E: Personal habits and indoor combustions / IARC Working Group on the Evaluation of Carcinogenic Risks to Humans (2009: Lyon,
France). Pages 29-30.
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GLOSSARY

Apoptosis
Programmed cell death, in which a series of molecular steps in a cell lead to its death. This is
one method the body uses to get rid of abnormal cells and may be blocked in cancer cells.

Autosomal dominant
A variant of a gene on any chromosome (except the sex chromosomes) that will express itself
in the offspring, despite the presence of other variants of that gene.

Autosomal recessive

A variant of a gene on any chromosome (except the sex chromosomes) that in the presence
of its dominant variant will not express itself in the offspring. It will only express itself when
both copies of the gene are the same recessive variants.

Carcinogen, carcinogenic, carcinogenicity, carcinogenesis

Any substance that can cause cancer. Such substances are termed carcinogenic, or able
to cause cancer; this is the property of carcinogenicity. Carcinogenesis is the process of
beginning or promoting the changes that result in cancer.

Case-control study

A study that starts with the identification of people with the disease or other outcome of
interest, and compares them with a suitable control group (comparison or reference group)
of people without the disease.

Cohort study

A study in which subsets of a defined population are identified who are, have been, or may be
exposed to the agent under investigation. The identified individuals are followed over time
for the occurrence of disease or other outcomes of interest.

Dose-response

The relationship of observed outcomes (responses) in a population to varying levels of a
protective or harmful agent, such as a medication or environmental contaminant. If the
outcome changes when the dose of the agent changes, there is said to be a dose-response
relationship between the two.

Ecologic study
A study in which the units of analysis are populations or groups of people, rather than
individuals.

Epigenetic
Factors that affect gene expression without changing the DNA sequence itself.

Estrogen receptor (ER) positive/negative

Cancer cells that either require or do not require the presence of estrogen to grow. This will
determine whether those cells will cease or continue growing when treated with hormones
that block estrogen binding and action.
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Excess relative risk
The relative risk of a disease minus 1.0. This is often expressed as the excess relative risk per
unit of radiation.

Free radical

A type of unstable molecule that is made during normal cell metabolism. Free radicals can
build up in cells and cause damage to other molecules, such as DNA, lipids and proteins. This
damage may increase the risk of cancer and other diseases.

Genotoxic/genotoxicity
An effect that damages or otherwise interferes with the action of a gene.

Germline mutation

A gene change in a body’s reproductive cell (egg or sperm) that becomes incorporated into
the DNA of every cell in the body of the offspring. Germline mutations are passed on from
parents to offspring.

lonizing radiation

Radiation of sufficiently high energy to cause ionization (change the electrical charge of
atoms) in the medium through which it passes. It may consist of a stream of high-energy
particles (e.g., electrons, protons, alpha-particles) or short—-wavelength electromagnetic
radiation (X-rays, gamma rays). This type of radiation can cause extensive damage to the
molecular structure of a substance, either as a result of the direct transfer of energy to its
atoms or molecules, or as a result of the secondary electrons released by ionization.

Interaction/effect modification

Differences in the effects of one or more factors according to the level of the remaining
factor(s). For example, there is an interaction between age and sex if the effect of age on the
outcome of interest is different for males and females.

Meta-analysis
A statistical synthesis of the data from comparable studies resulting in a quantitative
summary of the pooled results.

Oncogene
A mutated form of a gene involved in normal cell growth. If altered, an oncogene can promote
or allow the uncontrolled growth of cancer.

Oxidative stress

A physiologic state caused by cumulative damage done by free radicals due to an imbalance
between these molecules in the body and molecules that are able to detoxify them or repair
the resulting damage.

Prospective study
See cohort study.
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Progesterone receptor (PR) positive/negative

Cancer cells that either require or do not require the presence of progesterone to grow,
which will determine whether those cells will cease or continue growing when treated with
hormones that block progesterone binding.

Randomized control trial
A study in which participants are randomly allocated into different intervention or treatment
groups to compare the outcomes of different exposures.

Relative risk
The ratio of the risk of disease or death among a group of people exposed to a given risk
factor/carcinogen, to the risk among an unexposed group.

Synergistic relationship

Describes an interaction between two or more factors in which the effect of one factor is
enhanced by the presence of the other(s). In other words, the effect of one factor on an
outcome (e.g., cancer risk) is greater in the presence of another factor than when that other
is absent.

Tumour suppressor gene

A gene that encodes a protein that helps control cell growth. Mutations in these genes may
lead to uncontrolled cell growth and cancer. The tumour suppressor gene is sometimes
called an anti-oncogene.
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the first of its kind in Canada. The Centre was established to fill the gaps in
our knowledge of occupation-related cancers and to translate these findings
into preventive programs to control workplace carcinogenic exposures and
improve the health of workers. The Centre is establishing and leading a
program of integrated research that will involve collaborations between
researchers, worker organizations and employers. The OCRC is jointly funded
by Ontario’s Workplace Safety and Insurance Board, Cancer Care Ontario, and

For more information: ﬁ
Cancer in Ontario: Overview, published 2010, is the first in a series of &
Cancer Care Ontario publications designed to provide information on !
patterns and trends for cancer and risk factors in the Province. This first
report provides an overview of the burden of cancer.
Please see www.cancercare.on.ca/reports ﬁ
Ontario Cancer Facts are short, monthly fact sheets intended to increase
knowledge about cancer and its risk modifiers in Ontario. Data typically
originate from several sources including the Ontario Cancer Registry, Cancer .
Care Ontario publications, and Canadian, provincial or regional health
surveys. Readers may subscribe to receive Ontario Cancer Facts by e-mail.
Please see www.cancercare.on.ca/cancerfacts ﬁ
The Occupational Cancer Research Centre (0CRC), established in 2009, is ; ; ﬁ §
the Canadian Cancer Society.
Please see http://occupationalcancer.ca ﬁ‘
The Cancer Quality Council of Ontario is an advisory council to Cancer Care ﬁ
Ontario and the Ministry of Health and Long-Term Care established in 2002
to guide quality improvement efforts and monitor and publicly report on
the performance of Ontario’s Cancer System. One mechanism by which this
is achieved is the Cancer System Quality Index, an interactive web-based
tool released annually since 2005, that reports on a variety of evidence-
based indicators covering every aspect of cancer control, from cancer
prevention to recovery and end-of-life care, and tracks Ontario’s progress
against seven dimensions of quality.
Please see www.csqi.on.ca
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