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Abstract: Human behavior is central to the etiology and management of cancer ouscomes and
prescnts several avenues for tangeted and sustained intervention. Prpchosocial experiences such as
stress and health behaviors including tobacco e, sun exposare, poor diet, and  sedentary lifestyle
Increase the risk of some cancers yet are often quite reststant to change. Cancer screomning and other
hiealth services are d d and over-utilized, and i in part because
of the avalanche of information shoat cances preventhon. Coordination of cancer care bs suboptimal.
and only & small fraction of cancer patients enrodl in clinical trials essential to the development off
now cander teatments. A growing population of cancer survivars has necessitated a frah view of
cancer 4 3 chronle rather than acute discase. Fortunately. behavioral research cn address a wide
waricty of key p d the cancer cortral from prevention 1o end

of-Bfe care. Here we comsider effects #t the biobdhavioral and psychological. sockal and organdsa-
tional, and environmental levels. We challenge the research community to address key behavioral
targets across all levels of influence, while taking into accounst the many new methodological tools
that can Gcilitate this impartant work.
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their genetic profiles (outside of the healthcare system),
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National Cancer Institute Director Dr. Harold Varmaus
abserved in a 2006 Sdence editorial that

concerted national effons to ensure the vitality of all of
the components of modern oncology—academic
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Some of the most intractable behaviors significantly
contribute to cancer risk.
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Smoking and tobacco

= Lung cancer is the number one cause of cancer
death for both men and women o

= State cigarette excise tax rates vary ATICLC IIERATE oE el i o
d ram atl Cal Iy ALONG WITDI-IET(E-IIEES):AS(I)EKING RATE,

= MO - $0.17/20-pack
= NY - $4.35/20-pack

= Geography matters, with the greatest tobacco
burden in the South

. . LUNG CANCER IS STILL
= Veterans are among the sub-populations with a THE SECOND MOST COMMON CANCER

higher prevalence of smoking scer.canter.gev

= Approximately 13% young adults use cigarettes

NATIONAL CANCER INSTITUTE



Diet, weight and alcohol use

. . . . ONE WAY ALCOHOL CAUSES CANCER
= Considerable evidence indicates AL ALEOHOL
OF ALCOHOL OF ALCOHOL

maintaining a healthy lifestyle can A
potentially reduce cancer-related
‘II:ShERbl:):;(;an ACETALDEHYDE 'II:ShEFIil::::r(;an’t

l I IO rb I d It that converts ethanol
into acetaldehyde
process it, so that process it fast enough,

= Alcohol-related cancer is responsible wnosdons o scawidamde T
for 3.5 percent of all cancer deaths

IN. SIDg c £Ly

IF A SMALLAMOUNT IF A LARGE AMOUNT

is toxic and causes
DNA damage

ACETALDEHYDE can cause:

ALDH is an enzyme that
converts acetaldehyde
into acetate

l €§| Mistakes in DNA
A
People with mistakes in @

the genetic code of ALDH Chromosome
can't break acetaldehyde rearrangements
down - they are more

prone to certain cancers. 5
Mistakes in ALDH are ACETATE =4) DNA to bind and
common among Energy that the =& form clumps

o

Asian populations body can use
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Physical activity

= Increasing levels of physical
activity associated with lower
risk of 13 cancers, including
colon, breast and endometrial
cancer, but higher risk of
malignant melanoma

= Higher levels of physical
activity associated with a 7

percent lower risk of total
cancer

I I— NATIONAL CANCER INSTITUTE

Association of Leisure-Time Physical Activity with Risk
of 26 Types of Cancer in 1.44 Million Adults

Cancer

Esocphageal adenocarcinoma
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Myelold leukemia
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Saft tiksue

Pancreas
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UV exposure and sun protective practices

Percentage of adults aged 18 years and older who usually or always

= Reducing unprotected protact themselves from the sun by fype of proteciive measure, 2005.2010
exposure to the sun and 100
avoiding artificial ultraviolet
(UV) light from indoor tanning 80

a0

beds, tanning booths, and sun 70 = —a
lamps can lower the risk of 2 o
skin cancer T s
# Total ® Sunscreen (SPF 15+) A e Bsssssuns s
4 Protective clothing 4 Seek Shade gy T e e el

Source: Centers for Disease Control and Prevention, Naticnal Center for Health Statistics.
Mational Health Interview Survey. 20
Data are age-adjusted to the 2000 US standard population using age groups: 18-24, 25-34,

35-44 45-84, 65+
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Crosstalk — a unique approach to behavioral medicine

Repurpose evidence-based
approaches

Apply basic disciplinary principles

Apply common behavioral theory
and identify common mechanisms

Optimize study design and
harmonize data

NATIONAL CANCER INSTITUTE
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Integrating knowledge across domains to advance
the science of health behavior: overcoming challenges

and facilitating success

Willam M. P. Klein, PhD)
Wen-Ying Sylvia Chou,

Atstract
Kealth behaviors ofien co-occurand have common
deteminants at mutiple levels (e.g., individual, reatian-
al, environmental). Nevertheless, research programs of-
ten examine singlehealth behaviors without a systematic
amempt to integrate knowledge across behaviors. This
paper highlights the significant potential of cross<uating
behavioral research to advance our understaniing of the
mechanisms and causal facios that shape health
behaviors. h also offers suggestions for how researchers
could develop more effective interventions. We highlight
barriers to such an integrative science along with paen-
tial steps that can be mken 1o address these barriers
Witha more nuanced understanding of health behavior,
redundancies in research can be minimized, and 3
stronger evidence base forthe development of health
behavior interventions can be realized.

Keywords
Integration, Health behavior, Theor

nterventions

WTRODUCTION

Many chronic diseases in the U.S., including several
cancers, cadiovascular disease, diabetes, and obesity,
share a common set of behavioral detemminants such
astobacco use, excesdve uw of aleohol, poor dietary
habits, and sedentary behavior [1]. These health
behaviorsrelate to one another in multiple ways. First,
the behaviors themselves tend to chuster within indi-
viduak: for example, tobacco users are often more
likely to consume alcohol [2] and less likely to adhere
tomedical regimens [3]. Second, health behaviors can
be driven by shared mechanisms. For example, sensi-
tivity to certain tades may affed tobacco (e, we of
menthal] and food behaviors (e g, avoidace of picy
foods [4]. Self regulation efforts in one hehavioral
domain contribute to the likelihood of successful
self-regulation in other domains [3], and failwes to
appropriately prioritize long-term health consequen-
ces over immediate affective or sodal benefits can
contribute to addictive behaviors and unhealthy food
«choices (g, calorie-rich and low-nutrient foods} [6]

riily G Grenen,! Mary O'Connell, MA," Daniele Blanch-Hartigan, PhD, MPH,
! Kara L Hall PhD)" Jennifer M. Ta

. Phi! Amanda L \ogel, PHD, MHS®

With the exception of the first three anthors [who
led the manuscript and/or NCI meeting described
herein), order of suthorship is alphabetical

We thank all of the speakers and panelists in the
NClsponsored meeting on “Leveraging Lesons
Leamed acrass Health Behaviors™ in November
2014 [Cynthia Berg, David Buller, Meg Gerr
Frederick Gibbons, Robert Homik, Michael Say
ete, Bonnie Spring, and Geoffiey Williams). We
also thank Juarita Cox and Tonza Webh for their
asistnce with meeting planning, Tracey Goldner
for asistance with manuscript preparation, and
two anonymous reviewers for helpful eomments
on an earlier version of the manuscript.

Researchers: We suggest that researchers consider
getting training and doing research on more than
ane health behavior io maximize integration

Practitioners: Attempts 1o change single health
behaviors are likely to be informed by research
on differen but related behaviors.

Policymakers: Policies desgned to influence par-
tieular behaviors may he informed by research
showing effects of policies on other health
behaviors

Additionally, health behaviors are influenced by
shared social and envimnmental determinants such
as social norms, media exposure, and public palicy
[7-10]. For example, movies and other entertyinment
media that portay unhealthy behaviors can promote
these behaviars [0] whereastaxes can discourage them
[11]. Finally, health behaviors can influence one an-
other. Smoking cessation atempts can lead to weight
gain, which in tum might reduce motivation to quit
[12, 13]. Use of ane tobacco product can serve asa
gateway touse of another tobacco product or to other

1
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Examples of bio-psychosocial factors relevant to cancer
control

= Emotion
" Cognition Cancer Risk <" seque;c;;enmenta'
= Decision-makin Biobeh Meqlat%rs t o atients
- loDenavioral Mo era or
g iopap ammation 20, Behavioral Survivorship
= Stress/distress Pallative Care o= doment
Treatment g Afrect Ii:gqunﬁ?rtce tion
« Attenti Biological Pathways USE Inspired
ention Predictors DecCision Makln CO n|t|0n
= Motivation Lancer BIology "t Mechanisms e
StreSS E motlo Cer;j'dcr:eéphon C;“Er‘:.‘f{‘hfspy PTEC|IHI::”:::IO| nﬁﬁOdElS
= Genetic predisposition swimpact Sensation =™
Aging Communica tion Regulation
| ]

Sensory processes

I I— NATIONAL CANCER INSTITUTE
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Examples of social & environmental factors in cancer control

SES/Social determinants Health provider recommendations

Discrimination Social and conventional media

Individual/social factors Local, state, Federal policy

Relationships/social support Product availability

Physical/built environment

I I— NATIONAL CANCER INSTITUTE
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Health communication

.......

§} REUTERS

= Individual level ™ n @ o)  Many hold mistaken beliefs about
. . reducing risks of cigarette smoking
= Patient-provider

communication [RLGLIL R | -

Mistaken beliefs about behaviors that could reduce the risks of cigarette

Ultraviolet radiation (UV rays) is a known .
cause of skin cancer smoking are most common among those most vulnerable to the harmful

= Mass media

%o arm e T s effects of smoking, U.S. researchers say.
st et v £
caeerars b o g e v
piperts

o Vo sk o et 48

e L "It is important for the public to understand that the harms of smoking cannot

= Social media

. Annette R. Kaufman from the National Cancer
“It is important for the public to
understand that the harms of
smoking cannot be reduced except
by quitting.”

-- Annette Kaufman, Ph.D.

be reduced except by quittin

= \Warning labels

= Campaigns

TIPS FROM

FORMER e
SMOKERS : The researchers us

Trends Survey to find out what people believe about risk-reducing behaviors

ormation from the Health Information National

and whether these beliefs differ between people who smoke, or have smoked
in the past and those who have not. They also looked at whether income

13
plln g MATIONAL CANCER TRSTTTUTE Source: Pew Research Center Survey conducted March 7-April 4, 2016
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Behaviors in a health care context

= HPV vaccination
= Cancer screening

= Genetic testing

I I— NATIONAL CANCER INSTITUTE
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HPV vaccines prevent cancer

= Human Papilloma Virus (HPV) is a major cause of cervical cancer

= Two safe and effective vaccines are available to protect against
infection with the two most prevalent cancer-causing HPV types

= The Advisory Committee on Immunization Practices (ACIP)
recommends routine vaccination for HPV at age 11 or 12

FISE) NATIONAL CANCER INSTITUTE 16



Cancer screening

= Colorectal cancer screening > 3

= Lung cancer screening SCR EEN TO SAVE

= Prostate Specific Antigen NCI COLORECTAL CANCER OUTREACH & SCREENING INITIATIVE
(PSA) screening i

Melanoma screening

National Lung
Screening Tiial

HETIOMAL CARGER INSTITUTE

I I— NATIONAL CANCER INSTITUTE



BRCA 1/2 Referral/Testing

= ~30% of eligible breast cancer patients
received guideline concordant testing

= ~10 percent of women meeting
guideline criteria reported discussion
about BRCA 1/2 testing with a provider

= ~30% of women who were BRCA 1/2
tested did not meet NCCN guideline
criteria

Levy, 2011, Chun, 2017; Levy, 2009;
NSl NATIONAL CANCER INSTITUTE Roberts, in preparation

0%

20% 40%

m Meet Guidelines

60% 80% 100%

m Not Meet Guidelines
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Survivorship each year

Chronic & Late
Provider Knowledge Effects of Cancer
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Effective, Efficient Care

Risk-based,
personalized
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early management
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longevity




Multilevel influences on Health and Healthcare (Cancer Example)

Local Comnmiunity
Community Level Resources
Medical care offerings
Population SES
Lay support networks
Privale cancer organizatons
Local Hospilal & Cancer Services
Market
Market structure
Level of competition
Third party payors/insurance
Pay for performance initiatives
Managed care
penetration
Percent nonprofit
Specialty mix
Local Professional Morms
MD practice organizations
Use of guidelines
Practice patierns

Provider ! Team

Knowledge, communicabon skills

Perceived barriers, norms, test
efficacy

Cultural competency

Staffing mix & turnover

Role definition

Teanmwork

Individual Patient

Biological factors
Socio-demographics
Insurance coverage
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Comorbidities

Knowledge, attitudes, beliefs
Decision-making preferences
Psychological reactionicoping

National Health
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State Health Policy
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Local Community
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Organization and/or
Practice Setting

ProviderTeam

Family & Social
Supports

@ Qualityofc@

4

Mational Health Policy

Medicare reimbursement

Federal efforts to reform
healthcare

Mational cancer initiatives

Accreditations

Professional standards

State Health Policy

Medicaid reimbursement

Hospital pedformance data

palicies (dissemination, visibildy,
ele.)

State cancer plans/programs

Regulatonsiimitations on
reimbursement of clinical trials

Activities of stale-wide advocacy
Qroups

Organization / Practice Sefting

Leadership

Organizational structure, polices
and incentives

Delivery systemdesign

Clinical dedsion support

Clinical information systems

Patienteducation & navigation

Family! Secial Supporis
Family dynamics
Friends, network support

Improved Cancer-Related Health Qutcomes

Taplin SHetal. J NatlCancer Inst Monogr2012;2012:2-10
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Behavioral & Social Science:
Rose’s Trajectory

+ Toxicity risk

. * Toxicity a
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» Caregiver




Behavioral & Social Science:
Rose’s Trajectory

EOL decision
making

» Toxicity risk

. * Toxicity o .
» Decision mechanisms Risk-stratified

day * Assessment/ s
 Pt-provider LT adherence

communication paa el * Prevention
» Adherence

» Caregiver

Diagnosis of ond breast cancer




CANCER CARE CHANGES (1)...
Precision Medicine

3 e NEW ENGLAND Integrate molecular, genomic, cellular,
%“” JOURNAL of MEDICINE S— . . .
: d clinical, behavioral, physiological, and

gy N BT e :
S A TR IR environmental data to:

“...enable better
, understanding of
, and the
for many

more diseases...”

FI'HE JOURNAL Ol

PRECISION JCO ‘ PRECISION ONCOLOGY
MEDICINE

National Cancer Institute




CANCER CARE CHANGES (2)...
BIG DATA & Al

Toward Precision - -

Cancer Surveillance 9. ¥ Watson Brings the
Promise of Precision

Subsctibe Joiblog @ Collaboration with the Department of Energy Medlcme tOthe Fight
Against Cancer

Subscribe to This Blog

Share This . . , :
NCI is collaborating with the U.S. Department of Energy (DOE) as part of the inter-agency coordination activities defined in
ﬂ N E ['ﬁn the National Strategic Computing Initiative (NSCI) Presidential Order (July 29, 2015)& and announced during Vice President
" 1l Biden's Cancer Moonshot Summit on June 29, 2016. The NCI-DOE collaboration has initiated three pilot efforts that will
simultaneously impact the future of cancer research and guide future advances in scientific computing. These pilots will
Ta 5 characterize and help overcome key precision oncology at the patient, and pop 1 levels during the
g next three years.

HOW IT WORKS CARETEAM COLLABORATORS  ABOUN

Publications Resources

PHILIPS

| Philis and Pathal team ug to improve Breast cancer diagnass usin

Philips and PathAl team up to improve
breast cancer diagnosis using artificial
intelligence technology in ‘big data’
pathology research




BIAS IN Al

PostEverything « Perspective

Tech’s sexism doesn’t stay in
Silicon Valley. It’s in the products

you use.

By Sara Wachter-Boettcher | W Follow @sara_ann_marie |

Sara Wachter-Boettcher is a web consultant and author of the forthcoming book "Technically
Wrong: Sexist Apps, Biased Algorithms, and Other Threats of Toxic Tech.”

Google fires employee behind gender gap memo

“The TIME WARP of

Al: Study after study has
shown that biased
machine-learning systems
result in everything from
job-search ads that show
women in lower-paying
positions than men to
predictive-policing
software that
perpetuates disparities in
communities of color."




CANCER CARE CHANGES (3)...Transition from
Fee-for-Service to Value-based reimbursement

) . Testing of novel, bundled
payment models

@4 © Search for interventions

* with

— “bang for buck” for
multiple chronic diseases

« Change practice patterns




Trainee & Early Career Career Guidance Volunteer Connection
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ASCO Names Immunotherapy 2.0 as{Cancer Advance of the YearJn Latest Clinical Cancer Advances Report

Feb 01, 2017 | ¥

VOLUME 36 - MUPBER 12 - APHIL 20, 2017

Clinical Cancer Advances 2017: Annual Report on Progress
Against Cancer From the American Society of Clinical Oncology

Harald . Burstein,” Lada Krilow, Jeanny B Amgon-Ching, T Nangy N. Baxter, 7 E Gabricla Chiorean, 7 Wiarren Allen
Chow 7 Johs Frederick De Groot, 7 Steven Michae! Devine, 7 Steven G, DuBois, 7 Wafik 8 B-Deiry F Andrew 5. Epstein, 7
John Heymadh, Joshua Adem Jones, 7 Deborah K. Mayen 7 Reberon A, Miksad, T Nathan A, Penmell, ¥ Michael 5. Saba, 7
Richard L. Schiliky,# Lymn Mira Schuchter, 7 Nadisne Tung, - Karen Marte Winkfield, 7 Lort [ Wirth, # and Don 8. Dizon”




Toxicity from Cancer Immunotherapy

“...hyperactivated T-cell response with reactivity
directed against normal tissue”

Checkpoint inhibitors induce

autoinflammatory response
Adoptive cell therapy
(T cells) induces
Cytokine Release
Syndrome resembling

IFN-alpha, IL-2 induce sl

fatigue, fever, autoimmunity,
neurotoxicity, and
myocarditis
Long-term toxicities???

Weber et al, J Clin Oncol. 2015 Jun 20;33(18):2092-9




Ehe Washington Post

This 8-year-old is free of
cancer — for now — after a
‘breakthrough’ treatment




— Premarbid
Host Factors conditions /

BRCA, ATM, p53
pelymorphisms

Geanetic

Age l
Gender

Race ncer-Related Tumor

Factors

i, Morbidity
Health . ]
Histology
Behaviors /’j "\ Site
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Tobacco ) Treaatmeant
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Response

FIGURE 1. A multitude of host- and cancer-related factors influence the risk
of morbidity after cancer.

Hudson, 2005, Cancer
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