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| have no financial relationships to disclose.

| will not discuss off label use and/or investigational use in my presentation.
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Multiple Hit-Induced Multisystem Toxicity

Baseline risk factors

SMOKING, HYPERTENSION, AGE

‘Direct’ hit

CANCER / SURGERY / THERAPY

1 - J 2
Indirect’ hit
SECONDARY TO CANCER / SURGERY/
THERAPY
(E.G., DECONDITIONING)

CANCER PATIENT

L8

N
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COGNITIVE IMPAIRMENTS

IMMUNE DYSFUNCTION

CARDIAC ATROPHY

ANEMIA

GASTROINTESTINAL EVENTS

EXERCISE INTOLERANCE

SKELETAL MUSCLE ATROPHY

BONE DEMINERALIZATION



Current Assessments

ASSESSMENT ACROSS THE CANCER CONTINUUM

F PRE-THERAPY DURING THERAPY POST-THERAPY

PERFORMANCE STATUS,
CHRONOLOGICAL AGE

)
CARDIAC, PULMONARY CARDIAC, PULMONARY CARDIAC, PULMONARY
FUNCTION FUNCTION FUNCTION

6 Y 63 ¢ 63 ¢

o N,
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Current Management

PHARMACOLOGY ACROSS THE CANCER CONTINUUM

'5 PRE-THERAPY DURING THERAPY POST-THERAPY
‘ ‘ -
+
IJ IJ i

-
+
__ oy

o N,
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Multisystem Countermeasures Program

PHENOTYPING INTERVENTIONS ACROSS THE CANCER CONTINUUM

BEHAVIORAL / SOCIAL
(PHYSICAL ACTIVITY, DIET, SLEEP) ﬂx

} »
INTEGRATIVE FUNCTION
(CRF)
L\

% Reserve

ORGAN NETWORKS

\_,) \

62 My

CELLULAR NETWORKS

® Morbidity mmf o m A A A A AN R A AR R A A A R AR R AR R AR AR R R AR R A AR R N AR RN A AR A A AR AEEEAEEEAEESEEESEEESEESEEEEEEEEEEE
~# e
MOLECULAR NETWORKS Mortality ssk««
AT DURING POST-
DIAGNOSIS THERAPY THERAPY
- GENES To augment To mitigate To return to baseline levels
— =L TPW M reserve decline

SCOTT ET AL. CELL, 2019 MSK EXERCISE ONCOLOGY SERVICE



Phenotyping



Integrative: Geriatric Assessment

VOLUME 25 - NUMBER 14 - MAY 10 2007

A Practical Approach to Geriatric Assessment in Oncology
Miriam B. Rodin and Supriya G. Mohile

WHAT IS GERIATRIC ASSESSMENT?

Depression

Cognition Function

Physical
Performance

Co-morbidity

Nutrition

FEASIBILITY

PROGNOSTICATION

GA-GUIDED CLINICAL

CARE

GA-GUIDED
INTERVENTIONS
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Integrative Physiological Function: Cardiorespiratory Fitness

Cardiopulmonary Exercise Test (CPET) Therapy-induced accelerated
= Symptom limited cardiopulmonary exercise test physiological aging

= Cardiorespiratory fitness (VO,peak — mL.kg-tmin-1) ‘ ‘

Healthy Aging AC BMT
10 YEARS 12 WEEKS 6 WEEKS

% Change in Fitness

-20 T

-25 1

HORNSBY ET AL. ACTA ONCOL, 2014
MSK EXERCISE ONCOLOGY SERVICE JARDEN ET AL. BMT, 2009



Integrative Physiological Function: Cardiorespiratory Fitness

STUDY #1: STUDY #2:
Persistent Impairment Prognostic Importance
= Breast cancer (n=140) = Various Cancers (n=1,632)
» Healthy age-matched (n=107) = 5-year follow-up
= 3 years post-therapy
1.3 7
1.2 A
1.1 1
O 10 @)
30 - 20 YEARS AGE DIFFERENCE S 09-
b‘i 0.8 7
= S 077
E S 06" B
2 o 057
= a i
c S o4
~ L 03- t
g 0.2 E
gv 0.1
> <7 7.7-10.6  10.7-22.2
METS
m Cancer m Healthy Control

JONES ET AL. J CLIN ONCOL, 2012
GROARKE ET AL. EUR HEART J QUAL CARE CLIN OUTCOMES, 2020
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Organ-Level Assessments

STUDY #1: STUDY #2:
Cognitive Function Pre-HCT Muscle
= Lymphoma (n=248) = |Leukemia/ MDS (n=859)
= Healthy age-matched (n=212) = 2-year follow-up
= Pre chemotherapy; at chemotherapy Non-Sarcopenic ot
completion; 6 mo post chemotherapy ‘
90% -
180 A 80% -
i @ Healthy Control - I
o 9] @ Cancer s 0% 1
o] i B 60% -
? 1607 .\.\. £
c_j i E 50% 1 N0y Sarcopenia
|9 1507 § 0% - — SArCOPENI
S 1 % P-Value=0.001
Q 1407 £ 30% -
o 8
<L 130 20% -
120 o Adjusted HR: 1.4 (1.09-1.78)
0 4 10 0% ; ; . : : . :
0 100 200 300 400 500 600 700
Months

Days from HCT

JANELSINS ET AL. J NATL CANCER INST, 2021
ARMENIAN ET AL. J NATL CANCER INST, 2019
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Blood-Based Biomarkers

STUDY #1:
Inflammatory Markers

= Breast cancer (n=248)
» Healthy age-matched (n=106)
= Pre chemotherapy; 6 mo post

chemotherapy; 18 mo post chemotherapy

Cytokine z Score

===@) = Control
1.4 —.—Cancer

Cytokine z Score

Visit 1 Visit 2

ALFANO ET AL. J CLIN ONCOL, 2017
BOLTON ET AL. NAT GENET, 2020
GIBSON ET AL. J CLIN ONCOL, 2017

Visit 3

STUDY #2:
Clonal Hematopoiesis

= Adult cancers (n=10,138)
= Cancer therapy exposed (n=5,978)
= Cancer therapy naive (n=4,160)

Targeted or

Untreated immune therapy
w 0.501
§ U
£ )
S 0.25]
g =" Stable *
f“; 0.00+ 4—‘3 . A;::s. s
-0.254, . . . . . . .
0 500 1,0001,500 0 500 1,0001,500
Cytotoxic therapy XRT
w 0.504
g ;
= » 2 ]
S 0.251 2 A
[=)] ” .
6 0.004 s " s
-0.254,

0 500 1,0001,500 0 500 1,0001,500
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Cardiovascular mortality probability

STUDY #3:
Clonal Hematopoiesis

»= Non-Hodgkin lymphoma (n=401)
= With CH (n=120)
= Non-CH (n=281)

0.20 —— CV deaths, CH
—— CV deaths, no CH
0.15
CH vs. no CH, P=0.03
0.10
0.05 f
0.00 =—

0 2 4 6 8 10 12
Years post-treatment



Summary: Aging Across the Cancer Continuum

>

S

®

o

©

O

()

b

(b)]

o

04 Non-
o

S Cancer

Asymptomatic Maladaptation 0
~
Symptomatic Dysfunction @

% Cancer

»

: : Chronic Morbidity
| | |
Diagnosis Treatment Post-treatment

KOELWYN & JONES. J CLIN ONCOL, 2012 MSK EXERCISE ONCOLOGY SERVICE

Pre Treatment

~17% lower

During Treatment

¥ 10%-20%

Acute Post Treatment

~ 30% lower

Chronic Post Treatment

1 20%-50%

IN EVENTS

High Risk at Diagnosis
¥ Reserve



Interventions



Exercise Training Across the Cancer Continuum

Non-
Cancer

% Reserve Capacity

Asymptomatic Maladaptation

Symptomatic Dysfunction \
I

Diagnosis Treatment 3-Year Survival 15-Year Survival

SCOTT ET AL. JAMA ONCOL, 2018

SCOTT ET AL., J CLIN ONCOL. 2018
MSK EXERCISE ONCOLOGY SERVICE

Pre Surgical

¥ ~40%

POST-OP EVENTS RISK

During Treatment

1 5%-10%

VO2 PEAK

Acute Post Treatment

1 10%-20%

VO2 PEAK

Chronic Post Treatment

¥ 20%-40%

15



High-dose Low-dose anthracycline Low-dose
anthracycline/ or trastuzumab + 22 RF, anthracycline +
radiotherapy* or age 2 60 yrs trastuzumab

EXPOSURE

No symptoms/dx

After exposure, assess symptom/dx No symptoms/dx

>

Cardiac Hx Ml or PCI/CABG,
Symptoms JLVEF, valvular dx

SYMP/DX

v
Cardiopulmonary
exercise test

CV
consult

CONSULT
TESTING

! ! !

Cardio-oncology Community-based
rehabilitation exercise programs for cancer
(CORE) patients

PLAN

GILCHRIST ET AL, CIRCULATION, 2019



Randomized Exercise Trial in Chronologically Older Breast Cancer
Survivors

Stretching vs. Resistance and Aerobic Study results
Exercise

= nN=114 breast cancer survivors
= >2 years post-therapy

= Mean age: 71 years (64-87 years) 540

530

Randomized to 12 months supervised 520-
+ 6 months unsupervised of: G

= 5101

STRETCHING CONTROL (N=38) % 500

RESISTANCE EXERCISE (N=39) @ 490
480

AEROBIC EXERCISE (N=37)

4707

460+ S —
BEFORE AFTER BEFORE AFTER BEFORE AFTER

STRETCHING RESISTANCE AEROBIC

WINTERS-STONE ET AL., J GERIATR ONCOL, 2021 MSK EXERCISE ONCOLOGY SERVICE



Randomized Exercise Trial in Phenotypically Older Breast Cancer

Survivors

Stretching vs. Linear and Non-Linear
Aerobic Exercise

» n=174 breast cancer survivors

= 1-5 years post-therapy

= Mean chronological age: 58 years
= Mean physiological age: 73 years

Randomized to 16 weeks of:

STRETCHING CONTROL (N=57)
LINEAR EXERCISE (N=58)

NON-LINEAR EXERCISE (N=59) @

SCOTT ET AL., CIRCULATION, 2020

Individual Patient Response

6.0 7
4.0 7

2.0 7

..mnnuHH| ...|||||”|||

-2.07

Change VO,peak (mlO,kgtmin-1)

LINEAR NON-LINEAR

-4.0-

MSK EXERCISE ONCOLOGY SERVICE

~35%
EXERCISE
EFFECTIVE

~65%
EXERCISE NOT
EFFECTIVE



Randomized Exercise Trial in Older Lung Cancer Survivors

Stretching vs. Aerobic, Resistance, Individual Patient Response
and Combined Exercise 617 AC AT RT CT

n=90 lung cancer survivors

1-10 years post-therapy

Mean chronological age: 65 years
Mean physiological age: >80 years

n
N
1

Randomized to 16 weeks of:

STRETCHING CONTROL (N=23)
3
A /
AEROBIC EXERCISE (N=24) ;
RESISTANCE EXERCISE (N=23)
| (3
COMBINED EXERCISE (N=20) i
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Randomized Pharmacological Cardioprevention Trial in Breast Cancer

Placebo versus ramipril, bisoprolol, Study results
or ramipril plus bisoprolol

= n=174 breast cancer patients
= |nitiating anthracyclines +/- trastuzumab

= Mean chronological age: 48 years 40 -
_ g _ 357
Randomized to 1 year of: -3 |
55
8B 251
PLACEBO CONTROL (N=42) S 8
29 20-
X
RAMIPRIL (N=43) 59 15 1
% N
o

10 A
T
5 -

RAMIPRIL + BISOPROLOL (N=43) 0 -
LVEF GLS LVEF GLS LVEF GLS LVEF GLS

PLACEBO RAMIPRIL BISOPROLOL R+B

LIVIET AL., JAMA ONC, 2021 MSK EXERCISE ONCOLOGY SERVICE



Phase | Senolytics Trial in Diabetic Kidney Disease

Dasatinib and Quercetin (D + Q) Individual Patient Response
= n=9 diabetic kidney disease pl6* cells p21* cells SA-pgal” cells
= Mean chronological age: 68 years 1 10+ 30
3 days of oral D 100 mg + Q 1000 mg :,8 :8 ?_« N
S z 520- MMP-12
. . . . . S 67 g 67 @ -
Adipose tissue, skin biopsies, and blood 5 £ p R~
8 <
collected before and 11 days post-treatment | 3 4 Z 4 - = itg
R L e 21 IL-IRA
2 32 < b FGF-2
y '\. GM-CSF
0 0- 0
0 14 0 14 0 14
Treatment Day Treatment Day Treatment Day

SIGNIFICANT REDUCTION IN
ABDOMINAL SUBCUTANEOUS
ADIPOSE TISSUE SENESCENT CELLS

SIGNIFICANT REDUCTION IN
PLASMA SASP FACTORS

HICKSON ET AL., EBIOMEDICINE, 2020 MSK EXERCISE ONCOLOGY SERVICE



Future Directions



Spaceflight: Dense and Dynamic Phenotyping

Twins Study Analyses

% Biochemical
&

Subjects

Cognition

Epigenomics

Preflight

Telomeres

Ground

Multidimensional, longitudinal assays of the NASA Twins Study. (Left and middle) Genetically identical twin subjects (ground and flight)

were characterized across 10 generalized biomedical modalities before (preflight), during (inflight), and after flight (postflight) for a total of

25 months (circles indicate time points at which data were collected). (Right) Data were integrated to guide biomedical metrics across various

“-omes” for future missions (concentric circles indicate, from inner to outer, cytokines, proteome, transcriptome, and methylome).
Garrett-Bakelman et al., Science 364, 144 (2019) 12 April 2019



Targeted Intervention Strategies to Optimize Response
Data Driven Approaches

INPUT DATA INTEGRATION / RISK STRATIFICATION OUTPUT: INTERVENTIONS
BEHAVIORAL / SOCIAL . .
(PHYSICAL ACTIVITY, DIET, SLEEP)
e oM .
R P T AR A
' o ala ll
INTEGRATIVE FUNCTION - -
(CRF)
L L o4 L 4
e .M .
ORGAN NETWORKS

60 Rges

A5 T A5 T
CELLULAR NETWORKS - - -
o
® e .’. ®° L
'3 M M
MOLECULAR NETWORKS " R*""A *

= foAUe ||||||||
GENES

F=—h- F=—h- F=—h-

SCOTT ET AL., CIRCULATION, 2018 MSK EXERCISE ONCOLOGY SERVICE
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Digital Phenotyping

CURRENT PHENOTYPING: CENTER-BASED NEXT FRONTIER: DIGITAL DYNAMIC PHENOTYPING

'j (PHYSICAL ACTIVITY. DIET SLEER) ﬁu?écdicme Wearable sensors enable personalized predictions
\%k ® o of clinical laboratory measurements

INTEGRATIVE FUNCTION

ea—— . | Model building _ Model testing
(CRF) - - Lasso Bootstrap
i \RJ : Skin temperature R Wl
LT, EN-.. L
................... SRS Random forest M Leave-one-person-out
cross validation
ORGAN NETWORKS EDA ¢ $
. . CCA V Variance explained (R)
b p. g G B )
CELLULAR NETWORKS
°
<~ W e
Hemng lobin Absolute monocyte
MOLECULAR NETWORKS count

Hematocrit Chloride
GENES

N T

SCOTT ET AL. J CLIN ONCOL, 2020 MSK EXERCISE ONCOLOGY SERVICE
DUNN ET AL. NAT. MED, 2021

Red blood cells Glucose
Glycated hemoglobin




Digital Interventions
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Knowledge Gaps

Epidemiology

Preclinical

Clinical Safety /
Signal Seeking
IELS

EPIDEMIOLOGY
Prognostic importance of biomarkers
Risk stratification using dense and dynamic
phenotyping

PRECLINICAL
Mechanisms of multi-disease across the lifespan
Intervention effects in appropriate models

CLINICAL SAFETY / SIGNAL SEEKING
Phenotype-guided clinical care / interventions
Individual patient responses

MSK EXERCISE ONCOLOGY SERVICE



Research Opportunities

Epidemiology

Preclinical

Clinical Safety /
Signal Seeking
IELS

EPIDEMIOLOGY
Leverage existing sources (CCSS, CRDC) for
‘systems’ epidemiology

PRECLINICAL
In vitro and in vivo models based on human data
IPSC, organoids for modeling and interventions

CLINICAL SAFETY / FEASIBILITY
Sequential multiple assignment randomized
trials (SMART)

MSK EXERCISE ONCOLOGY SERVICE



Research Gaps

Leverage ongoing trials§ Standard measures Cross-cutting programs

National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS) ¢ / M OTr P B C

PAR-21-055: 2 Ve, The Molecular Transducers of

: " _ : Physical Activity Consortium
+ Time-sensitive mechanistic ancillary

studies to ongoing clinical projects

Identify novel targets for diagnosis,
treatment, and prevention of disease _ e sl sttt of

culoskeletal

Collaboration between basic and Optimized, minimal set of core measures:

clinical investigators « Costs of standard measures covered

Collaborations in which a senior . Single data repository
Investigator from the parent study National Institute of

Diabetes and Digestive

supports a junior investigator to serve and Kidney Diseases

as Pl on an ancillary study are

encouraged
MSK EXERCISE ONCOLOGY SERVICE
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