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The Complexity of Cancer
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% Abnormal cell growth which Caused by changes to genes that
" spreads through the body control cell growth and division
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S0 Errors as cells divide

Damage to DNA from
the environment

[
m Inherited genetics
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Source: https://www.cancer.gov/about-cancer/understanding/ U.S. Department of Health and Human Services
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Cancer Trends
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Age-standardized, delay-adjusted overall cancer incidence rates (2013-2017)
and age-standardized overall cancer death rates (2014-2018), all cancer sites
combined, all ages, by sex and racial and ethnic group.

Trends in age -standardized incidence (2001-2017) and mortality (2001-2018) rates, all cancer
sites combined, all ages, all races and ethnicities combined, by sex.
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Increasing Incidence of Cancer: Environmental Etiology?

Average annual percent change (AAPC) in delay-adjusted
incidence rates (2013-2017) for all sites and the 18 most
common cancers in men and women

Increased incidence for melanoma,
colorectal cancer among young adults,

t liver cancer, and kidney and renal
pelvis cancer

Incidence rate ratios for colorectal cancer by birth cohort.
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Source: Stoffel, E.M., et al. Gastroenterology, Vol 158(2): 341-353. 2020. Islami, F., et al. J Natl Cancer Inst, djab131. 2021. https://doi.org/10.1093/jnci/djab131
https://doi.org/10.1053/j.gastro.2019.07.055
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Review of evidence

National Toxicology Program

th

Evaluates agents of NTP Report on Carcinogens: R t

public health concern « Currently lists 248 agents, eport on
through toxicology and substances, mixtures, and Carcmogens
molecular biology exposure circumstances

2016

« Categorizes exposures as
(1) known to be human
carcinogen, or
(2) reasonably anticipated
to cause cancer in humans
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;" .5, Department of Health and Human Services
3 c Public Health Service
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NTP, 2016. Report on Carcinogens, Fourteenth Edition.
https://ntp.niehs.nih.gov/go/roc14
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Table 4. Integration of streams of evidence in reaching overall

R eV i eW O -I: EV i d e n C e g%slslglﬁgt]:?ns (the evidence in bold italic represents the basis of the overall

Stream of evidence Classification based on
strength of evidence
Evidence of Evidence of Mechanistic
cancer in cancer in evidence
humans” :ﬁg;rﬂi;t;ental
WHO International Agency for Research on Suffcient  Notmsessry  Notnecesary | GArcinogenic o humans
Cancer (IARC) Monographs Lmtedor  supciens  Sromet)
Strong (b)(2-3), Probably carcinogenic to
. Limited Sufficient {_;::aleleu; ?er humans (Group 2ZA)

Expert working groups Has evaluated >1,000 Stroms o

assess evidence that agents and identified >500 adeauate - Swfcien fissues)

an agent is carcinogenic as carcinogenic, probably Limited Suftciont Strong (B)(1-3)

carcinogenic, or possibly Inadequate  Notnecessary  GRR(R class)
carcinogenic to humans Limited SEfF ot gty i
. Strong (b)(3),
Inadequate Sufficient {_n'l::]ilequa?;
Inadequate Loce than Strong b(1-3)
International Agency for Research on Cancer Limited Sy Strome () fdoes nor,
’{' ) w“rld He alth Inadequate Sufficient ff,?rﬁﬂg ?ﬁiﬁ;’ﬁ %E&Eg%ﬂiac?tl; :f :1':121?3113
"1'. " U'I'ga I'IIZ Htlﬂl‘l All other situations not listed above

“ Human cancer(s) with highest evaluation

" The strong evidence that the mechanism of carcinogenicity in experimental animals does not
operate in humans must specifically be for the tumour sites supporting the classification of sufficient
evidence in experimental animals.

IARC Monographs Preamble (2019)

. . . . . National Institutes of Health
Source: https://monographs.iarc.who.int/home/iarc-monographs-general-information/ U.S. Department of Health and Human Services
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How do we characterize carcinogens?

Abilities of an agent to:

Act as an electrophile either @ Induce chronic inflammation
directly or after metabolic activation
) Be immunosuppressive
© Be genotoxic
Modulate receptor-mediated effects
Alter DNA repair or cause
genomic instability 9 Cause immortalization

@) Induce epigenetic alterations (D) Alter cell proliferation, cell death,
or nutrient supply
© Induce oxidative stress

. . . . National Institutes of Health
Source: Smith, et al., Environmental Health Perspectives, Vol 124(6): 713-721, 2016. http://dx.doi.org/10.1289/ehp.1509912 U.S. Department of Health and Human Services
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Environment and Cancer

Types of Exposures 51“ Lifestyle factors
- _ Tobacco, diet and nutrition

Physical exposures

— Climate, radiation,
sunlight/UV

Acheson process
(occupational exposure)
Aluminium production
Arsenic and inorganic arsenic compounds
- Asbestos (all forms)

e Beryllium and berylium compounds
Bis{chioromethyl)ether, chloromethyl methyl ether
(technical grade)

C and ¢ c
Chromium (VI) compounds
Coal, indoor emissions from household combustion
Coal gasification

Brain and central  X.radiation, gamma-radiation
nenvous system L of excess body
THENINQIOMa)

Nasal cavity and  Isopropyl alcohol manufacture using
paranasal sinus strong acids
Leather dust
Nickel compounds
Radium-228 and its decay producis
Radwm-228 and its decay products

@9

Tobacco smoking St prodiin
Wood dust Diesel engine exhausts
Gamma-radiation -
Larynx Acid mists, strong inorganic [} mining g ] | n fe Ctl O u S
Alcoholic beverages Iron and steel founding
Ashestos (all forms) MOPP {vincristine-prednisone-nitrogen mustard-procarbazine mixture )
Opium (consumption of) Nickel compounds
Quitting smoking Cpium (consumption af) a e n tS
Tobacco smoking Outdoor air pollution
. Pleura of peritoneum Asbesios (all formz) Dutdeor air pollution, particulate matter in

Painter (occupational exposure as)

(mesothelioma) Erionite Plotoriin
Fluoro-edenite "
Quitting smoking

. ! ~
I I l | — fibrous amphibole & .
C h e I C aI . - feo Painter {occupational Eﬂggn-222 ar:d “l" dEE.Jyd[.ltrc;du(.h
\ exposure as) ubber manufacturing industry

— Pesticides, solvents,
gases Hormones

Absence of excess body fatness Sulfur mustard

(posimenopausal) Tobacco smoke, 5
Diethylstilbestrol Toba i

Estrogen-progestogen contraceptives

. . . . National Institutes of Health
Source: IARC Monographs, 2021. https://monographs.iarc.who.int/human_cancer_known_causes_and_prevention_organ_site/ U.S. Department of Health and Human Services
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Carcinogenic Exposures in the Occupational Setting

° MUCh Of What we knOW IS Material/cancer Reference Location Study population
th roug h exposu reS In the Asbestos/lung Lynch and Smith [37] South Carolina Asbestos textile workers
I 1 1935
OccCu patl on al Settl n g Doll [21] 1955 England Asbestos workers
. Selikoff et al. [38]11964 | USA Insulation workers
t H |g h dOSG McDonald et al. [39]1980 Canada Chrysotile miners
Dement et al. [40] 1983 | USA Asbestos (extile workers
. Seidman et al. [41] 1986 | USA Amosite workers
H |g h fl'eq uen Cy Benzene/leukemia Mallory et al. [42] 1939 | UK Various occupations
. Vigliani and Saita [43] Italy Various occupations
=) Long duration 1964
Ishimaru et al. [44] 1971 | Japan Various occupations
° O . | : : d Aksoy et al. [45] 1974 | Turkey Shoemakers
Ccupatlona settlng proviaes
9] ppo rtu ] |t| es for Stu dyl N g Infante et al. [46] 1977 | Ohio Pliofilm makers
. Rinsky et al. [47] 1987 | Ohio Pliofilm makers
eXpOSU res. Yin et al. [48] 1987 China Benzene producers

— Targeted populations,
documentation of exposure

knowledge in the general population

Study
ty pe
Single
case
Cohort
Cohort
Cohort
Cohort
Cohort
Case
SEeries
Case
series
Case
series
Case
SCrics
Cohort
Cohort
Cohort

Occupational exposure studies contribute to exposure

Evidence
of effect

Weak

Weak
Moderate
Strong
Strong
Strong
Weak

Weak

Moderate
Moderate
Moderate

Strong
Strong

. . National Institutes of Health
Source: Occupational Cancers, 2" Edition, 2014 U.S. Department of Health and Human Services
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Many Occupational Exposures Occur in Non-Occupational Settings

Environmental
Exposures

. Occupational
__._'._, Exposures

.+« » Higher Dose
, Smaller Population

Lower Dose
Larger Population

Adapted from the President’s Cancer Panel Report, 2008-2009 National Institutes of Health

U.S. Department of Health and Human Services
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Population Studies

Exposure assessment: Challenges: Measurement methods:
What are the ) Latency, estimating . Cohorts, longitudinal

= characteristics of exposure, exposure- studies, mechanistic
exposure? outcome association studies, animal studies,

biomonitoring
How can exposure be
reduced?
Has exposure changed

over time?

National Institutes of Health

Source: EPA, Guidelines for Human Exposure Assessment, 2019; NHANES: https://www.cdc.gov/nchs/nhanes/participant/participant-about.htm U.S. Department of Health and Human Services
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Challenges and Opportunities for Studying
Exposures and Cancer Risk
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The Complexities of Documenting Exposures

3 .
|

Classes: Region/
Physical, Chemical, Biological, Psycho-social Ecosystem

Sources: * c .
Air, Water, Soil, Food, Consumer Products, Medicines ommunity

Places: * Built Environment, f

v -

Home, School, Work, Neighborhood, Community, City, State, Region Activities/Behavior

Time: * Populations and
Fetal, Child, Adolescent, Young Adult, Adult, Elderly Individual(s)

Contact: * Blood/Tissues/ f

Skin, Lungs, Diet Organs

Where: * f

Lungs, Neuro, Skin, GlI, other organs Cells

Targets:
Biological pathways

a

National Institutes of Health
U.S. Department of Health and Human Services
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Disease OQutcome is Related to Site and Mechanism of Action of
Environmental Exposures

A

Altered
Environmental Windows of epigenetic Su'gg;%?fbeiﬂty
Exposures susceptibilit programming :
P : y of somatic cells to disease

DEVELOPMENT OF TARGET ORGAN

National Institutes of Health
U.S. Department of Health and Human Services
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The Complexities of Time: Lifelong Effects of Early-Life Exposures

A

Environmental
Exposures

Gestation

National Institutes of Health
U.S. Department of Health and Human Services
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Research Challenges -
Measuring Environmental Exposures

In the Environment In the Body
% Mixtures § Genetic susceptibility
+¥ Interactions N Single or multiple windows
f Amount of dose & Tissue specific effects
[ ]
Retrospective 'm Trans-generational effects
==l assessment is faulty

National Institutes of Health
U.S. Department of Health and Human Services
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The Exposome

General
external
Socioeconomic
factors and
climate

Specific ¥ Internal
external Inflammation
Environmental and epigenetic

exposures changes,
among others

Implications for examining environmental health disparities

. . . National Institutes of Health
Source: McHale et al., Mutation Research, Vol 775: 11-20, 2018. https://dx.doi.org/10.1016%2Fj.mrrev.2017.11.003 U.S. Department of Health and Human Services
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NIH

Cohort
Consortium

https:/ /epi.grants.cancer.gov/Consortia/cohort.html

Advancing Collaborative Cancer Epidemiology Research

Asia
{7 cahorts)

61 7. "Gioba
Epl‘ggmin!ngv M I I. I.I o n (:I.:;;‘h::lﬁ) Jbslmia'
ohorts Participants {2 cohort)

* Twrs eoharts Intluds study participsnts
Frivm Bath North Asesia and Austrslia,

Biospecimens

HMorth America®

* Plasma/Serum + Buffy Coat/Whole Blood
* Saliva/Buccal Cells + Tissues
* Urine * Nails

have been collected on approximately 2 million individuals

Race & gender composition of Major cancer sites:
participants:
4,200 240,000
2
3 g
5 3,000 7
3 B 120,000
= -
£ 2,400 s
5 @ Male 3
£ 1,800 ® Female £
& H
£ 1,200 gl
n- Breast Lung Helanoma
500 —
Frostate Colon Biacoer
o~ &
White Binck Asian Hispan Restum
Cohort Consortium members Eligibility for membership:
participate in approximately: Cohorts must have...
P roj Ects 10,000 participants to study cancer incidents
which have made scientific 2,000 participants to study cancer-related
discoveries about cancer risk outcomes among those diagnosed with cancer

factors and technical
advances in cohort
methodolegies

Commitment to scientific collaborations by
participating in pooling studies
Updatad 04/2021

To join or collaborate, contact Rachel Hanisch, Ph.D. at NCICohortConsortium@mail.nih.gov.

NCIl U.S. Funded Cohorts

Total enrollment ~1.1 million

Racial/Ethnic Distribution

= Whites =Blacks = Asians =Hispanics = AI/AN/NH/PI =

National Institutes of Health
U.S. Department of Health and Human Services
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Cohorts for Environmental Exposures and Cancer Risk » Five new cohorts

* Diversity of Populations

Poynter n=10,000

Pearce * Wide set of exposures

* Population-based studies
In communities at risk
from environmental exposures

e Scientific collaboration with

Woodruff NIEHS

n=10,000
» Potential for major public
health advancement

National Institutes of Health
U.S. Department of Health and Human Services



N | H National Institute of Environmental Health Sciences
Your Environment. Your Health.

The Human Health Exposure Analysis Resource: 2019 - 2024

Goal

- Provide infrastructure for adding or expanding
4 exposure analysis to advance understanding of the
W/ Impact of environmental exposures on human
health throughout the life course

National Institutes of Health
U.S. Department of Health and Human Services
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Looking Ahead

V' -

 —
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Further evaluation of probable and possible
carcinogens that affect large populations
IS warranted

Agents linked to cancer in animals

Incorporate biologic and mechanistic components
IN prospective designs

Evaluation of cancer risk associated with low levels
of environmental contaminants and complex mixtures

Investigations of environmental exposures
In different populations

National Institutes of Health
U.S. Department of Health and Human Services
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Tools and Resources

National Biomonitoring Program

Human Health Exposure Analysis Resource (HHEAR)

Cohorts:

— National Cancer Institute’s
Cohort Consortium
— New Cohorts to Assess

Environmental Exposures
and Cancer Risk (CEECR)

 Biobanks

National Institutes of Health
U.S. Department of Health and Human Services
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Linking Exposure with Biological Responses

Tobacco Smoke \ Gene Expression
Alcohol, Diet \" Metabolites

Xenoestrogens ‘

Bacterial, Chemical,
and Psychosocial
Stressors

DNA Adducts/
DNA Damage

Proteomics/
Protein Adducts
PAHs, PCBs, DNA s
Damaging Agents , :
ging Ag 4 Epigenetic Changes

National Institutes of Health
U.S. Department of Health and Human Services
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Individual Variation in Cancer Outcomes and Environmental Exposures

* A vast majority of diseases result from complex
Interactions between genes and the environment

 Different people respond to the same environmental
exposure differently due to:

Timing

-_—

1/@ Genetic susceptibility

LCER
il

Comorbidity

[ 4
7" Lifestyle

National Institutes of Health
U.S. Department of Health and Human Services
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