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Describe the links

between aging,
cancer, and cancer
treatment

Objectives

Identify

opportunities for
Intervention in
cancer survivors




Estimated Cancer Prevalence by Age in the
U.S. Population from 1975-2040
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——————— Signifies the year at which the first baby boomers (those born 1946-1964) turned 65 years old
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Living With the Effects of Cancer

“The aftermath of having cancer is still with me. The damage to my
tear ducts has resulted in several painful operations on my eyes to
insert prosthetic tear ducts into the nasolacrimal duct to drain the fluid
in my eyes. The tubes only provide brief relief and have to be cleaned
every 6 to 8 months, necessitating additional surgery. | also have
lingering neuropathy in my hands and feet, as well as ongoing achiness
from anastrozole. As a result, | feel decades older than my 61 years.”

- Pati Schembari, breast cancer survivor

Source: ASCO, Patient’s Corner
Published March 10, 2017



Living With the Effects of Cancer

“I wonder if closer monitoring for chemotherapy side effects could have
prevented some of the long-term problems | still contend with, but | try
to stay positive. | know how lucky | am to be alive, and I’'m grateful that
I've had 10 more years to be with my family and experience the joys of
everyday life. Now, I’'m looking forward to the next 10.”

- Pati Schembari, breast cancer survivor

Source: ASCO, Patient’s Corner
Published March 10, 2017



Living With the Effects of Cancer

“Over the years, the cumulative effects of
chemotherapy on my body have necessitated a hip
replacement due to avascular necrosis of my hip joint,
and damage done to my heart requires reqular
monitoring for hypertension. | try to offset these late
effects from treatment by maintaining a reqular
exercise routine and eating a healthy diet, but |
recognize that my life expectancy has probably been
shortened, so | make the most of every day.”

Y AT

-Patrick Eck, ALL survivor diagnosed at 17 years

Source: ASCO Post, Patient’s Corner
DIE) NATIONAL CANCER INSTITUTE Published January 25, 2019



Cancer Treatments Create Damage that may Accelerate
Aging Processes

Cancer
Treatments

= Surgery

= Radiation

=  Chemotherapy
" |mmunotherapy

Changes to
Aging
Biology

Aging
Phenotype

= Genomic Instability

= Telomere Attrition

= Epigenetic Alteration

= | oss of Proteostasis

= Deregulated Nutrient Sensing
=  Mitochondrial Dysfunction

= Cellular Senescence

= Stem Cell Exhaustion

= Altered Intracellular Comm.

= Frailty

= Sarcopenia

= Chronic Conditions

= Cognitive Impairment
= Functional Decline

Adapted from: Hill et al., J. Geriatr Oncol., 2019 7



Accelerated Aging is the Onset of Age-Related
Conditions Earlier than Normally Expected

Age-related accelerated normal successful
pathologies aging aging aging

}

Geriatric syndromes
(initial clinical symptoms)

Onset of age-related diseases
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Lingering Impact of Cancer Therapy

Cancer Survivors Report:

, , Hewitt et al. J Ger A Biol Sci Med Sci 2003
= Poorer Phy5|cal Function Diemling et al. Cancer Nurs. 2007

Gresham et al. Cancer 2018

Reeve et al. ] Natl Cancer Inst. 2009

" Poorer Qua“ty of Life Weaver et al. CEBP 2012

Baker et al. Cancer 2003
Mariotto et al. CEBP 2007
Gibson et al., Lancet Oncol, 2018

Mandelblatt et al. J Clin Oncol. 2014, 2018
Wildiers et al. J Clin Oncol. 2014

= Increased # of Comorbidities

= Cognitive Decline



BLS BALTIMORE LONGITUDINAL
STUDY OF AGING

Cancer Survivors Experience Limitations
in Physical Performance
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BLS BALTIMORE LONGITUDINAL
STUDY OF AGING

Cancer Survivors Experience Limitations
in Physical Performance
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* <65 vyears+ cancer =42% greater risk of low endurance
* >65vyears + cancer = 8.3x greater risk of low endurance

Gresham, et al, Cancer, 2018 11




Evidence of Accelerated Aging in
Adult Survivors of Childhood Cancer

Slower walk speed!

Weaker hand grip strength'

* Higher burden of chronic conditions?
" Heart attack
= Stroke
= Congestive Heart Failure

= Second cancers3

" Frailty*

NIH NATIONAL CANCER INSTITUTE

\V
—

Photo credit: SETH DIXON/ST. JUDE CHILDREN'S RESEARCH HOSPITAL

INess et al., Cancer, 2010, 2012
2Armstrong et al., J of Clinical Oncology, 2014
3Neglia et al., JNC/, 2001

- 12
“Ness et al., J Clinical Oncology, 2018



Prevalence of Frailty in Adults Survivors of
Childhood Cancer

Percentage
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Ness et al., J Clinical Oncology, 2018
DIE) NATIONAL CANCER INSTITUTE Hayek et al., J Clinical Oncology, 2020 13
Fried et al., J Gerontol A Biol Sci Med Sci, 2001



Prevalence of Frailty in Adults Survivors of
Childhood Cancer
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Ness et al., J Clinical Oncology, 2018
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Prevalence of Frailty in Adults Survivors of
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Childhood Cancer

CCSS Survivors

38 years

7.2

Cardiovascular

Health Study
range 65-101 years

Ness et al., J Clinical Oncology, 2018
Hayek et al., J Clinical Oncology, 2020 15
Fried et al., J Gerontol A Biol Sci Med Sci, 2001



Cancer Treatment Exposure 1s Associated with
Frailty in Adult Survivors of Childhood Cancer

1.51

1.44

1.38

1.46

| 1.47 |
| 1.36

Prevalence Rate Ratio (95%Cl)

Cisplatin
dose 2
0.5 600

mg/m?
NATIONAL CANCER INL . _ __

Cranial
radiation

Abdominal
radiation
dose > 40

Gy
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radiation
dose = 34

Gy

Lung Amputation
surgery

Hayek et al., J Clinical Oncology, 2020
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Implications for Clinical Care

" Higher healthcare costs + provider shortages

" Clinical interventions are needed to optimize survivorship care:

= Screening tools and long-term surveillance are needed to identify treatment-
related effects

= |nfrastructure to improve communication between patients, oncology and
primary care providers

= Patient education is needed to facilitate informed decision-making

= Efficacious interventions to prevent or mitigate the aging consequences of
cancer treatment

17



Summary

Age-related accelerated normal successful
pathologies aging aging aging

Geriatric syndromes
(initial clinical symptoms)

Onset of age-related diseases

0 50 100  years
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Key Points

Cancer therapies can damage
normal tissues leading to acute,
chronic, & late-emerging effects

Survivors experience a higher
burden of age-related conditions
compared to controls

Strong evidence of premature
aging in adult survivors of
childhood cancer

Franceschi et al., Frontiers in Medicine, 2018 18



Interventions to Prevent or
Reverse Cancer- and
Treatment-Related Aging



Ghildhood Cancer Survivors:

Combat Premature Aging

Some
survivors show
signs of early
aging (frailty).!
Young adult
survivors are
more likely
than their peers
to be frail.

Signs may
include:

Weakness
®
Exhaustion
@

Low lean
muscle mass

Slow walking
speed

Low activity
levels

St. Jude Childrens
Research Hospital

ALSAC + Danny Thomas, Founder

Take control
and fight frailty!

tl Talk to your

= doctor regularly
Pursue resistance
training and

physical activities
that you enjoy

L

\‘—“

Reach and maintain
a healthy weight

@ Avoid smoking

TNess, K.K. et al., J Clin Oncol. 2013

www.stjude.org/early-aging




When i1s the Best Time to Intervene?

Emergence of

Diagnosis freatment ' Effects Aging
Phenotypes

Cancer Treatment




Prehabilitation Interventions

= Exercise interventions before cancer
treatment

* Goal is to strengthen patients before
the rigors of treatment

= Studies suggest:

" |mproved post-treatment
functional status & quality of lifel-?

= Reduced risk of postoperative
complications?!
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» Decreased hospital length of stay,

healthcare costs, & readmissions? 'Mayo et al., Surgery, 2011
’Garcia et al., Interactive CardioVascular and Thoracic Surgery, 2016

BID) NATIONAL cANCER INSTITUTE 3Philipson et al., Am J Manag Care, 2013 22



Multicomponent Interventions

The Reach-out to ENhancE Wellness
(RENEW) trial

= Two-arm, single-blinded, cross-over study

= Exercise + Diet (low fat, plant-based diet)

= 641 older, overweight/obese, long-term survivors
of breast, prostate, and colorectal cancer

" |ntervention improved:

= Diet quality
= Physical activity
= Weight loss

= Physical function

Morey et al., JAMA, 2013
NATIONAL CANCER INSTITUTE Demark-Wahnefried et al., J Clin Oncol., 2012 23



Targeting Biological Aging Processes May Prevent or Delay
Age-Related Conditions

Behavioral Interventions

Physical activity
Caloric restriction/intermittent
fasting

Pharmacologic Interventions

Metformin

Senolytics (e.g. bcl-2 inhibitors)

mMTOR inhibitors (e.g. rapamycin)

) NATIONAL CANCER INSTITUTE

Reduce chronic inflammation, mitigate age-related telomere attrition,
alteration of DNA methylation patterns

Decreased IGF signaling, mTOR inhibition

Activation of telomerase expression, reduction of reactive oxygen species,
decreased IGF signaling

Induction of apoptosis via disabling of anti-apoptotic pathways in
senescent cells. Improves metabolic dysfunction, osteoporosis, frailty,
muscle wasting

Delays aging phenotype, promotes protein autophagy, extends lifespan

24



Key Points

= Surveillance + intervention
throughout survivorship may
minimize treatment effects

= Combining multiple intervention
approaches and targeting aging
biology may prevent age-related
conditions in cancer survivors

NATIONAL CANCER INSTITUTE

Childhood Cancer Survivors:
Combat Premature Aging

survivors show
signs of early
aging (frailty).!
Young adult
survivors are
more likely
than their peers
to be frail.

Signs may
include:

Weakness
®
Exhaustion
5}

Low lean
muscle mass

®

Slow walking
speed

®

Low activity
levels

St. Jude Childrens
Research Hospital

.........................

Take control

and fight frailty!
Talk to your
doctor regularly
Pursue resistance
W% training and
W= physical activities
that you enjoy
Reach and maintain
a healthy weight
@ Avoid smoking

"Ness, K.K. et al., J Clin Oncol. 2013

www.stjude.org/early-aging
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The Path Forward

NCl’s Investment in Cancer- and Treatment-Related Aging
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Measures of Aging to Consider in Studies of Cancer and Aging

Clinical Measures of Aging Biological Measures of Aging

" Gait Speed = 31p Recovery Time

= Timed Up and Go = P16INK4a

= Grip Strength = DNA Methylation Epigenetic Clocks:
= Fried (CHS) Frailty Phenotype * Hannum’s clock

Horvath’s clock

= Deficit Accumulation Index/ Frailty Index
PhenoAge

=  Cognitive Assessments

* Hopkins Verbal Learning Test-Revised
* Controlled Oral Word Association Test
* The Trail Making Test

* FACT-Cog

* PROMIS (Cognitive Function)

Guida et al., 2019, INCI 73




Opportunities to Expand the Evidence Base

Identify Aging
Phenotypes &
Mechanisms
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Opportunities to Expand the Evidence Base

Identify Aging Methodological &
Phenotypes & Measurement
Mechanisms Approaches
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Opportunities to Expand the Evidence Base

Identify Aging Methodological & Interventions
Phenotypes & Measurement
Mechanisms Approaches
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Opportunities to Expand the Evidence Base

Identify Aging Methodological & Interventions PopulatioP-Based
Phenotypes & Measurement Studies
Mechanisms Approaches
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Opportunities to Expand the Evidence Base

Identify Aging
Phenotypes &
Mechanisms
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Tools to Stratify
Risk & Support
Decision-Making

R,

Methodological & Interventions Population-Based
Measurement Studies
Approaches
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Opportunities to Expand the Evidence Base

Identify Aging Methodological &
Phenotypes & Measurement
Mechanisms Approaches
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Tools to Stratify Implications of
Risk & Support Aging on Cancer

Decision-Making Risk/Outcomes

& O

Interventions

Population-Based
Studies

O
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Opportunities to Expand the Evidence Base

Identify Aging Methodological & Interventions Population-Based
Phenotypes & Measurement Studies
Mechanisms Approaches
(ew
) 9o
a8 =
Tools to Stratify Implications of Surveillance of
Risk & Support Aging on Cancer Risk Factors
Decision-Making Risk/Outcomes
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Opportunities to Expand the Evidence Base

Identify Aging Methodological & Interventions Population-Based
Phenotypes & Measurement Studies
Mechanisms Approaches
(ew
Q) 9o
= =
Tools to Stratify Implications of Surveillance of Inclusion of
Risk & Support Aging on Cancer Risk Factors Older Adults
Decision-Making Risk/Outcomes

@ 0 O

E 36



Select Cancer and Aging
Funding Opportunities



Select Funding Opportunities

* Leveraging Cognitive Neuroscience Research
to Improve Assessment of Cancer Treatment-
Related Cognitive Impairment

* PAR-19-340/R01 and PAR-19-339/R21

* Todd S Horowitz, PhD
Todd.Horowitz@mail.nih.gov |240-276-6963

38


https://grants.nih.gov/grants/guide/pa-files/PAR-19-340.html
https://grants.nih.gov/grants/guide/pa-files/par-19-339.html
mailto:todd.horowitz@mail.nih.gov

Select Funding Opportunities

* Improving Outcomes in Cancer Treatment-
Related Cardiotoxicity

* PAR-19-112/R01

* Nonniekaye Shelburne, MS, CRNP
| Nshelburne@mail.nih.gov 240-276-6897

39


https://grants.nih.gov/grants/guide/pa-files/PA-19-112.html
mailto:Nshelburne@mail.nih.gov

Select Funding Opportunities

| * Clinical Characterization of Cancer Therapy-
induced Adverse Sequelae and Mechanism-
based Interventional Strategies

* PAR-19-325

* Kelly Filipski PhD, MPH
filipskikk@mail.nih.gov | 240-276-6841

40
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Perspectives on
Cancer & Aging
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Past Speakers:

= Supriya Mohile, MD, University of Rochester

=  William Dale, MD, City of Hope

= Kiri Ness, PhD, St. Jude Children’s Research Hospital
= Monica Gramatges, MD, Baylor College of Medicine
= Luigi Ferrucci, MD, National Institutes on Aging

= Morgan Levine, PHD, Yale University

(1970-2018)

Hyman Muss, MD, University of North Carolina

Grant Williams, MD, University of Alabama at Birmingham
Michael Irwin, MD, University of California, Los Angeles

Kerri Winters-Stone, PhD, Oregon Health & Science University
Garnet Anderson, PhD, Fred Hutchinson Cancer Center
Elizabeth Cespedes Feliciano, PhD, Kaiser Permanente 41



“If you want to go fast, go alone,

but if you want to go far, go together.”
- Arti Hurria, M.D. (1970-2018)
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