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Background

#17 million cancer survivors in the US
>those on cancer therapy with curative intent and expected to be long-term  
survivors

>those with chronic cancers such as metastatic disease or CLL, who will 
receive cancer therapy for many years

#Current guidelines focus on lifestyle interventions (exercise & diet)

1Leah L, et al. JACC 2022

Predicting Risk in a Person-Centric Model (Lifetime Model)
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Background

#At the time of diagnosis, many cancer survivors have pre-existing 
comorbidities (e.g HTN, HLD, and DM) that increase their risk of 
both cancer and non–cancer-related morbidity and mortality

#Many cancers have shared risk factors (e.g obesity and sedentary lifestyles)
with CVD. Many individuals will survive their cancer only to have a preventable 
cardiac death. 

#Management of cardiometabolic comorbidities associated with CVD is 
essential during and after cancer therapy.

Ahmad et al., 2016 BMJ

Chemotherapy toxicities include and exacerbate 
metabolic toxicities.
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Leah L, et al. JACC 2022

Pre-existing conditions at diagnosis in combination with 
treatment promote metabolic toxicity in cancer survivors.

Multiple-Hit Hypothesis

Cancer Patient

Direct Hit-
Cancer 

Cancer Treatments

Indirect Hit-
Modifiable Lifestyle 

Factors

Jones et al., 2007 JACC

Baseline Status-
Age, Smoking, 
Comorbidities

Poor brain health 

Immune impairments

Blood disorders

Cardiovascular events

Respiratory problems

Gastrointestinal disease

Weakened bones

Muscle breakdown

De Haas et al., 2010 Lancet Oncology

Metabolic toxicities may develop into metabolic 
syndrome (MSY) and lead to the onset of severe 

comorbidities.

Metabolic syndrome (MSY) is associated with a 
2-fold increase in CVD and Type 2 Diabetes.

Blood Pressure
≥ 130/85 or medication

Glucose
≥ 100 mg/dL or 

medication

Triglycerides
≥ 150 mg/dL or medication

Waist Circumference
> 40 in (men)
> 35 in (women)

HDL
< 40 mg/dL (men)

< 50 mg/dL (women)

AHA/NHLBI

MSY is linked to poor cancer outcomes.

O’Flanagan et al., 2015, Horm Mol Bio Clin Investig Dieli-Conwright et al., 2015, Cancer

Treatment Toxicity:
Chemotherapy may contribute to the onset of MSY among women 

diagnosed with early-stage breast cancer.
N (%)MEAN (±Standard Deviation)CHARACTERISTIC

N (%)

48.2 (10.1)Age, years

46 (53)PremenopausalMenopausal status
40 (47)Postmenopausal

38 (44)CaucasianRace/ethnicity
6 (7)Asian

26 (30)Hispanic
7 (8)African American
9 (11)Other

42 (49)NeverTobacco use
4 (4)Current

40 (47)Past

68 (79)MarriedPartner status
13 (15)Single/divorced
5 (6)Widowed

30 (35)High school or equivalentEducation level
47 (55)College or postgraduate degree
8 (10)Other

57 (66)Full-timeEmployment status
16 (18)Part-time
13 (16)Retired

34 (40)ICancer stage
42 (49)II
10 (11)III

39 (45)MastectomySurgery type
29 (34)Lumpectomy
18 (21)N/A (Neoadjuvant chemo)

36 (42)Doxorubicin/Cyclophosphamide +Chemotherapy type
Paclitaxel

31 (36)Docetaxel/cyclophosphamide
8 (9)Carboplatin +Paclitaxel
6 (7)Doxorubicin/Cyclophosphamide
5 (6)Docetaxel/Cyclophosphamide/trastuzuma

b
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Dieli-Conwright et al., 2015, Cancer

Treatment Toxicity:
Chemotherapy may contribute to the onset of MSY among women 

diagnosed with early-stage breast cancer.

60

40

20

0

100

80

120

140

160

Waist 
Circumference,  

cm

Systolic Blood Diastolic Blood 
Pressure, mmHg Pressure, mmHg

Glucose, mg/dL Triglycerides,  
mg/dL

HDL-C, mg/dL

Pretreatment Posttreatment

*
*

*

*

*

*
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Dieli-Conwright et al., 2022, Diabet & Met Synd

Treatment Toxicity:
MSY worsens 4-5 years post-chemotherapy among women 

diagnosed with early-stage breast cancer.

* P<0.01; significantly different from post-treatment
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Chao et al., 2016, JCO; Murbabe et al., 2015, Supp Ca Care; ACS Facts & Figures 2020

Significance of Metabolic Dysfunction lies in 
increased risk of mortality in cancer survivors.

<30% 
PHYSICALLY  

ACTIVE

~65% 
OVERWEIGHT  

OR OBESE

RISK FOR 
COMORBIDITIES

Cancer-related Treatments

RISK OF MORTALITY

Exercise 
(16 weeks)

Metabolic Syndrome Sarcopenic Obesity

↓Adipose tissue/ ↑ Skeletal muscle

Can exercise reduce MSY in sedentary,
overweight/obese breast cancer survivors?

The MSY Trial

Dieli-Conwright et al., 2018, JCO

The MSY Exercise Intervention
Supervised, Progressive 

Aerobic and Resistance Exercise

Day 3Day 2Day 1

Resistance ExerciseNo Resistance ExerciseResistance Exercise
65-80%

1-rep max
15

repetitions
3

sets
65-80%

1-rep max
15

repetitions
3

sets

Aerobic ExerciseAerobic ExerciseAerobic Exercise

65-80% VO2max50 minutes65-80% VO2max50 minutes65-80% VO2max50 minutes

Dieli-Conwright et al., 2018, JCO

Exercise improves MSY in sedentary, overweight/obese
breast cancer survivors.

Data presented as mean±SD. *Significantly different from baseline and UC group post-intervention, p<0.05;
**Significantly different from baseline, p<0.05.

* **

Baseline Month 4 Month 7

60
40
20
0

80

100

120

G
lu

co
se

(m
g

/d
L

)

USUAL CARE EXERCISE

* **

Baseline Month 4 Month 7

100

50

0

150

200

250

300

T
ri

g
ly

ce
ri

d
es

(m
g

/d
L

) **
*

Baseline Month 4 Month 7
0

20

40

60

80

H
D

L
-C

(m
g

/d
L

)

***

Baseline Month 4 Month 7

100

50

0

120

140

160

S
ys

to
lic

b
lo

o
d

p
re

ss
u

re
(m

m
H

g
)

***

Baseline Month 4 Month 7

50
25

80

90

100

110

D
ia

st
o

lic
b

lo
o

d
p

re
ss

u
re

(m
m

H
g

)

***

Baseline Month 4 Month 7
0

5

10

15

M
S

Y
z

sc
o

re

EXERCISE USUAL CARE

Exercise: -15% Exercise: -38% Exercise: 50%

Exercise: -9% Exercise: -12%

Exercise: -41%

Dieli-Conwright et al., 2018, JCO

13 14

15 16

17 18



6/5/2023

4

Chemotherapy
(Anthracyclines)

MSY

High Intensity Interval Training (HIIT)

Can HIIT improve MSY in sedentary, overweight/obese 
breast cancer patients receiving anthracycline 

chemotherapy?
The HIIT Trial

Lee et al., 2019, BCRT

HIIT Intervention

Red bars indicate high intensity intervals at 90% peak power output and yellow 
bars indicate the 2 min active recovery at 10% peak power output.

HIIT improves MSY in
breast cancer patients undergoing anthracycline-based 

chemotherapy.

Gonzalo-Encabo et al, JHSH

Between Group Difference 
Post-Intervention

Post-InterventionBaseline

PbMean (95% CI)PaMean (sd)Mean (sd)Metabolic Syndrome
0.14-1.88 (-4.40, 0.63)Waist

Circumference  
(cm)

0.77102.02 (17.46)102.19 (17.66)HIIT
0.1498.04 (13.25)96.44 (11.48)Control

0.21-4.38 (-11.31, 2.55)Systolic Blood

Pressure (mmHg)
0.50119.00 (10.95)120.93 (13.96)HIIT
0.51128.60 (20.35)127.27 (18.90)Control

0.22-2.78 (-7.41, 1.84)Diastolic Blood

Pressure (mmHg)
0.4274.07 (8.94)72.40 (9.66)HIIT
0.0180.00 (8.65)76.67 (7.97)Control

<0.00127.51 (19.73, 35.30)HDL-C (mg/dL)
<0.00161.47 (10.98)39.00 (7.04)HIIT
0.00533.73 (9.82)38.27 (7.37)Control

<0.001-80.89 (-109.69, -
52.09)

Triglycerides
(mg/dL)

<0.00190.13 (35.14)135.07 (34.48)HIIT
0.004171.67 (49.64)136.13 (34.14)Control

<0.001-37.21 (-58.35, -16.07)Glucose (mg/dL)
0.06798.20 (9.86)130.53 (59.41)HIIT
0.003134.53 (46.16)128.00 (47.99)Control

<0.001-7.60 (-9.08, -6.13)MetS Z-Score
<0.001-4.37 (2.70)0.68 (2.69)HIIT
<0.0013.62 (2.72)1.24 (2.88)Control

<0.001-2.05 (-2.69, -1.40)ATP III Score
<0.0011.53 (1.13)3.13 (1.13)HIIT
0.1363.87 (3.27)3.53 (1.36)Control

Jackie Dawson; Dawson et al. 2018, BMC Cancer

• 3x/weekFrequency

• Progressed through 
periodizationIntensity

• 45 min/session; 3 
monthsTime

• Machine-based,
total body exercises

Type

Does a 12-week periodized resistance 
training intervention affect health 
outcomes in prostate cancer survivors 
on ADT?

Periodization is a safe, feasible approach to resistance 
training among prostate cancer survivors.

HypertrophyMuscular Endurance
/Hypertrophy

Mesocycle

121110987654321Microcycle
(Wk)

83% 1RM80% 1RM75% 1RM70% 1RM65-67%1RM60% 1RMIntensity

8 x38 x310 x310 x312 x315 x3Volume

1 min1 min1 min1 min1 min1 minRest

Training split: Lower Body Upper Body Lower + Upper Body

Jackie Dawson; Dawson et al. 2018, BMC Cancer

Hormone  
therapy

MSY
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**

** Sig. different from baseline and NoRT post-intervention

*Sig. different from baseline

*

*

Periodized Resistance Exercise Improves Waist 
Circumference and Triglycerides in Prostate Cancer 

Survivors on ADT
Prostate  
Cancer

0 3 0 3

0 3 0 3

0 3 0 3

Slide design: Jackie Dawson; Dawson et al., 2018, BMC Cancer
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Supervised 
Virtual Exercise 

Program

Unsupervised 
Virtual Exercise 

Program

Follow-up/ 
Observation

Reducing Metabolic Dysregulation
in Obese Latina Breast Cancer Survivors using 

Physical Activity

HEART 
DISEASE

OBESITY DIABETES

Biomarkers of Metabolic Dysregulation

Impact of a Combined Intermittent Fasting and
Exercise Intervention on Metabolic Markers 

in Patients with Advanced Breast Cancer

Hyperglycemia

Feasibility

+

Impact of Exercise on the Complications of
Corticosteroids in Patients with

Graft-Versus-Host Disease following Allogeneic Stem Cell 
Transplantation: the RESTART Trial

Medical Home for Cancer Survivors

Thank you!
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