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Why does function matter?
• The risk of all cause mortality over five years
decreases by 20% for each 5 kilogram increase in
hand grip strength (Sasaki 2007 )
• Each increase in one metabolic equivalent (MET) of
exercise capacity decreases all cause mortality by
13% and risk for cardiovascular disease by 15% (Kodama
2009)

• A one standard deviation decrease in BMD is
associated with an increased risk for total mortality
(17%) and cardiovascular disease mortality (13%) (Qu
2011)

Research questions
• Do childhood cancer survivors have problems with
physical function?
• What do these problems with physical function look
like?

• In specific disease groups, what are the treatment
related risk factors for impairments and problems with
physical function?
• Can we remediate problems in survivors with specific
impairments?

Research questions
• Do childhood cancer survivors have problems with
physical function - what are risk factors for an adverse
outcome?

• What do these problems with physical function look
like?
• In specific disease groups, what are the treatment
related risk factors for impairments and problems with
physical function?
• Can we remediate problems in survivors with specific
impairments?
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Childhood Cancer Survivor Study
• Funded in 1994
• Retrospective Cohort,
diagnosed 1970-1986

20,720

Eligible
Lost (n=3017)

17,703

Contacted
Refusal (=3189)

14,372

Participants

5,796

Stored DNA

• 26 Contributing Centers
• 5-Year Survival

• Leukemia, Lymphoma, CNS,
Bone, Wilms, Neuroblastoma,
Soft-tissue Sarcoma
• Detailed Treatment Data,
Wide Range of Outcomes

Cohort Expansion:
1987-1999
n=15,351

Participants and Methods
• 9,711 adults in CCSS cohort who responded to health
surveys distributed in 1995, 2003 and 2007 and
3,206 siblings.
• 46% male
• Baseline median age: 28 (18-48) years
• 2007 median age: 38 (27-58) years
• Assessment of 6 health domains, one of which was:
Functional
impairment

Ability to complete activities of
daily living, complete routine
tasks, attend work or school

Functional impairments in CCSS
Overall
.60

By Sex

Siblings
Survivors

Male
Female

Sibling Survivor

1

X

.30

By age 45 years, 20.7% of survivors
will report functional impairment
compared to 6.1% of siblings
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Treatment related risk factors for functional
impairments
Alkylating agent
Cranial radiation (Gray)
None
1-23.9
24-29.9
≥ 30
Craniotomy
Cystectomy
Lower extremity amputation
< 150 min/week physical activity

PR*
1.21
Ref
1.01
1.00
2.39
1.82
2.46
1.94
1.62

95% CI
(1.08-1.35)

(0.83-1.24)
(0.83-1.19)
(1.97-2.92)
(1.48-2.23)
(1.46-4.16)
(1.58-2.38)
(1.47-1.79)

*Prevalence ratio (PR) adjusted for attained age, age at diagnosis, race, sex, body
mass index, income, education, smoking status, nephrectomy, anthracyclines

Chronic disease and risk for functional
impairments
PR*

95% CI

Second malignancy
Vision, hearing, speech
Endocrine

1.54
2.56
1.11

(1.28-1.84)
(2.23-2.95)
(0.96-1.29)

Respiratory
Cardiac
Gastrointestinal

2.42
2.36
1.29

(1.72-3.41)
(2.00-2.79)
(1.03-1.61)

Renal
Musculoskeletal
Neurologic

1.94
1.90
5.30

(1.21-3.11)
(1.63-2.22)
(4.46-6.30)

*Prevalence ratio (PR) adjusted for attained age, age at diagnosis, race, sex, age at
diagnosis, body mass index, smoking and physical activity

Research questions
• Do childhood cancer survivors have problems with
physical function?
• What do these problems with physical function look like
– can we characterize a specific phenotype?

• In specific disease groups, what are the treatment
related risk factors for impairments and problems with
physical function?
• Can we remediate problems in survivors with specific
impairments?
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Frailty
• Loss of physiological capacity that interferes with
normal function

• Most commonly described in older adults
– can be distinguished from disability and comorbidity
– identifies individuals highly vulnerable to adverse
health outcomes, often precedes chronic disease
onset, and is a predictor of early mortality

The Fried Frailty Criteria
• First described using five components of fitness in the
Cardiovascular Health Study (65-101 years of age)
– Muscle wasting
– Muscle weakness
– Self-reported exhaustion
– Slow walking speed
– Low energy expenditure
• Frail: ≥ 3 components
• Pre-frail: 2 components
Fried 2001

St. Jude Lifetime Cohort (SJLIFE)
• Objective:
– To establish a lifetime cohort of childhood cancer
survivors

– To facilitate longitudinal evaluation of health
outcomes in aging adults surviving pediatric
cancer
• Eligibility:
– Diagnosis of cancer treated at St. Jude
– At least 18 years of age
– At least 10 years from diagnosis

SJLIFE assessment
Pre-visit

Clinical Assessment

Medical Records:
treatment and
medical events

Risk-based
Screening per
COG Guidelines

Questionnaires:
Self-report of
socio-demographics,
health status, and
medical events

Functional
assessment
Collection of
biological
specimens

SJLIFE Database

Externally
funded
ancillary
research
studies

Priority
pilot
studies

Post-visit
Follow-up and
validation of
outcomes
Use of biorepository for
biomarkers,
genome wide
and candidate
gene studies

Frailty in the SJLIFE cohort
• N=1922 (50.3% male)
• Mean time since diagnosis
25.5±7.7 years
• Mean age at diagnosis
8.2±5.6 years
• 43% leukemia
• 33% with CRT
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0.0

0
Frail

Pre-frail

SJLIFE age range 18-50 (mean
33.6±8.1 years)
Cardiovascular Health Study (CHS)
age range 65-101 years (Fried, 2001)
Control participants age range 1850 years (mean 29.0±7.5years)

Prevalence of components of frailty
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Frailty rates increase with age
Females

Males
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components

25.8

33.7

37.9

11.2

13.4

15.0
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components

7.1

12.5

24.8

3.1

1.8

3.6

Treatment and relative risk of frailty
10.0

Males

2.3

2.6

Females

2.1

1.9

Smoking

Cranial
radiation

1.0
Cranial
radiation

Abdominal or
pelvic
radiation

0.1
Additionally adjusted for current age, age at diagnosis, chest radiation, doses of
anthracycline, alkylating agents, glucocorticoids, platinum, vinca-alkaloids and
methotrexate, duration of chemotherapy, alcohol intake, and body mass index

Frailty by cancer type
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Frailty and subsequent chronic conditions
• Among 162 participants who returned for a second visit,
risk of developing a new serious, disabling or lifethreatening chronic condition (CTCAE grade 3-4),
adjusting for sex and time since frailty assessment:
RR= 2.2, 95% CI 1.2-4.2

Frailty and mortality
Phenotype
Frailty
No Frailty

N
151
1771

Total
Deaths
4.6%
1.4%

HR (95% CI)
2.6 (1.5-2.8)

Adjusted for age and number of chronic medical conditions CTCAEv4.0
grade 3 or higher

• Compares to adjusted HR in the Cardiovascular Health
Study of 2.24 CI = (1.51-3.33)

Physiologic Capacity

Frailty in childhood cancer survivors

Normal aging

NOT FRAIL
FRAIL
Age→
Adapted from Buchner1992

Physiologic Capacity

Frailty in childhood cancer survivors
Exposures
Anthracycline/platinum
Chest radiation
Limb sparing

NOT FRAIL
FRAIL
Age→
Adapted from Buchner1992

Physiologic Capacity

Frailty in childhood cancer survivors
Exposures
Anthracycline/platinum
Chest radiation
Limb sparing

Lifestyle choices
Sedentary behavior
Poor diet

NOT FRAIL

FRAIL
Age→
Adapted from Buchner1992

Physiologic Capacity

Frailty in childhood cancer survivors
Exposures
Anthracycline/platinum
Chest radiation
Limb sparing

Lifestyle choices
Sedentary behavior
Poor diet

NOT FRAIL

Tailored interventions
FRAIL

Age→
Adapted from Buchner1992

Research questions
• Do childhood cancer survivors have problems with
physical function?
• What do these problems with physical function look
like?
• In specific disease groups, what are the treatment
related risk factors for impairments and problems with
physical function - are there targets to change treatment
or apply interventions to alter long-term outcomes?
• Can we remediate problems in survivors with specific
impairments?
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Participant characteristics
Characteristic

Participants
N (%)

Total
Sex
Ethnicity

Radiotherapy

862
Male

426 (49)

Female

436 (51)

White, non-Hispanic

762 (88)

Black, non-Hispanic

70 (8)

Other

30 (4)

None

337 (39)

Cranial < 22 Gy

194 (23)

Cranial ≥ 22 Gy

224 (26)

Cranial + spinal or TBI

107 (12)

Median (range)
Age at diagnosis

5.0 (0.2-19.5) years

Current age

31.3 (18.4-59.7) years

Low BMD
• Mean BMD Z-score - Male -0.64 (±1.08)
• Mean BMD Z-score - Females -0.04 (±1.18)
40

3%

Males

37%

Females

Proportion (%)

30
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0
-4

-2.5

-1

0

QCT Z-score

2

4

Low BMD
• Mean BMD Z-score - Male -0.64 (±1.08)
• Mean BMD Z-score - Females -0.04 (±1.18)
40

1%

Males

20%

Females

Proportion (%)

30

20

10

0
-4

-2.5

-1

0

QCT Z-score

2

4
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Study participants/design
 Cases (N=78) recruited in
random order from among
adult 5+ year survivors
treated for a brain tumor
when < 21 years of age
 Comparison group recruited
by randomly selecting age,
gender and zip code matched
members of the general
population
• Home visits were conducted
to avoid selection bias due to
mobility issues

%
Males
Non-white

53.9
18.0

Age at diagnosis < 5 years 28.2
Radiation
66.7
Age at evaluation - mean 24 (6.1)
(SD) – years

Muscle weakness and exercise tolerance
BT Survivors
(N=78)

Comparison
group
(N=78)

Mean

SD

Mean

SD

p-value

Female

24.7

(9.2)

31.5

(5.8)

<0.001

Male

39.0

(12.2)

53.0

(10.1)

<0.001

Female

246.6

(95.5)

339.1

(92.4)

<0.001

Male

304.7 (116.4) 466.6

(92.1)

<0.001

Female

25.1

(8.8)

31.1

(5.1)

<0.001

Male

24.6

(9.5)

33.2

(3.4)

<0.001

Muscle weakness

Hand grip (kg)

Knee extension (Newtons)

Exercise tolerance (ml/kg/min)

Exercise tolerance in perspective
45

Males

Females

Peak oxygen uptake (ml/kg/min)

40

35
30
25
20

Median norm value
age 60-64 years

Median norm value
age 60-64 years

15

10
5

Controls
BT

0
Peak oxygen uptake values in BT survivors a mean age of 24 years similar to values
reported among persons in their 60’s.

Treatment related predictors of impairments
10
5.4
2.7

Odds ratio

1.9
1

1.3

1.2
Dx < age 5
years

> 30 Gy
CRT

Weakness

0.1

Tumor in
posterior
fossa

1.3

Dx < age 5
years

> 30 Gy CRT

Tumor in
posterior
fossa

Poor exercise tolerance
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Study participants/design
 Cases (N=365) recruited in
random order from among
adult 10+ year survivors
treated for a ALL (1980-2003)
tumor when ≤ 18 years of age
 Comparison group recruited
by randomly selecting age,
gender and race matched
friends/relatives of current St.
Jude patients
 Assessment included
measures of fitness and
energy expenditure/activity

%
Males
Non-white

52.3
13.2

Radiation
Age at evaluation
median (range) – years

40.8
28 (18-44)

Age at diagnosis
median (range) – years

5 (0-18)

Muscle weakness and exercise tolerance
Survivors
(N=365)

Comparison
group
(N=365)

Mean

SD

Mean

SD

Daily minutes of moderate and
vigorous physical activity

16.4

13.1

21.2

16.8

Exercise tolerance (mil/kg/min)

24.1

5.9

27.5

8.3

Percent with Z-score ≤ -1.5

Percent of ALL survivors with impaired performance
60

No cranial radiation

50

Cranial radiation

40
30
20
10
0
Peripheral
sensation

Balance

Sensation/
Balance

Handgrip

Knee
Dorsiflexion Peak oxygen
extension
uptake
Strength

Fitness

Research questions
• Do childhood cancer survivors have problems with
physical function?
• What do these problems with physical function look
like?
• In specific disease groups, what are the treatment
related risk factors for impairments and problems with
physical function?
• Can we remediate problems in survivors with specific
impairments - how do childhood cancer survivors
respond to interventions shown to have efficacy in other
populations?

Bone density in children with cancer
• 20% of children with leukemia have BMD deficits at
diagnosis (Halton 1996, van der Sluis 2002)
• Five year incidence of spinal fractures among children
with ALL is 13.5% (Hogler 2007)
• 21% of female and 40% of male ALL survivors in the
SJLIFE cohort have BMD by QCT z-score of <-1.0 (Wilson 2016)

Current treatment options
• Bisphosphonates
– Decrease recruitment of osteoclasts, reducing bone
absorption – also stimulate osteoblasts to produce an
inhibitor of bone resorption
– Side effect profile
• Fever, hypocalcemia, bone pain, transient iritis and uveitis,
impaired mineralization of bone, impaired linear growth and
nephrocalcinosis

• Weight bearing exercise
– Has been tested in healthy children (pending results from
ongoing trial (PAQOL, Cox PI))
• Nutritional supplements
– Vitamin D and Calcium (Bone II, Kaste PI)

National Cancer Institute P30 CA021765

Low magnitude, high frequency mechanical
stimulation (LMS)
• LMS
– Based on the mechanical strain theory - has been
applied in cellular, animal and human models to
evaluate its effects on bone accretion.
• The effective intervention
– 0.3 g (1 g=9.8 m/s2=gravity)
– 1/1000 of the force required to fracture bone
– Frequency of 30-40 Hertz
– Treatment applied by having participant stand on the
oscillating plate for 10 minutes 1-2 times per day
– Duration from 6 – 12 months

Effects of LMS mechanical stimulation on bone in
humans (randomized trials)
• Post-menopausal women
– 2.2% relative increase in femoral and 1.5% relative
increase in lumbar BMD after 1 year of 10 minute twice
per day LMS mechanical stimulation (Rubin 2004)
• Young people (15 – 20 year old females)
– 2.3% relative increase in lumbar BMD after 1 year of 10
minutes per day LMS mechanical stimulation (Gilsanz
2006)
• Disabled children
– 17.7% relative increase in BMD in tibia and 5.2% relative
increase in lumbar spine BMD in a six month trial of 10
minutes per day of LMS mechanical stimulation (Ward
2004)

National Institute for Child Health and Disability R21HD059292, Gabrielle’s Angels Foundation

VIBE eligibility criteria
• Children 7 – 17 years old previously treated for
childhood cancer at SJCRH
• 5+ years from diagnosis and not currently receiving
treatment for cancer
• Age and gender matched whole body BMD z-score of
-1.0 or less
• Could stand independently (may use supports)
• All received vitamin D and calcium supplements
according to the COG long-term follow-up guidelines

VIBE study design
• Participants stood on a
“vibrating” platform for 10
minutes twice a day for one
year

Participant eligible for
study

Randomization

• Participants in the control arm
stood on a placebo device that
mimics the sound of the active
device
• Baseline and post-intervention
imaging and laboratory
evaluations were used to
determine the effects of the
intervention on BMD and
markers of bone turnover

Placebo

Baseline
measurements (BMD,
bone turnover
biomarkers)

Intervention

12 month
intervention
Two ten minute
sessions per day

Follow-up
measurements:
(BMD, bone turnover
biomarkers)

Follow-up
measurements:
(BMD, bone turnover
biomarkers)

Mean change from baseline to 12 months
Intervention

Total body BMD Z-score
Lumbar BMD Z-score
% tibial cortical bone
% tibial trabecular bone
RANKL/OPG (log)

Placebo

Mean* SD Mean* SD p-value*
(N=26)
(N=22)
0.05
0.25 0.78 -0.19 0.79
0.82
0.15 0.51 0.08 0.51
0.16
3.00 4.69 1.77 4.90
0.08
4.86 16.58 -3.68 16.92
0.06
0.14 0.44 -0.14 0.50

*Adjusted for sex and Tanner stage

Cardiopulmonary fitness in BT survivors
SJLIFE (N=126, median age 26 y)
OR=1.3
(95% CI 0.5-3.3)

50

OR=2.5
(95% CI 1.1-5.7)

80%

60%

30
20
10

ml/kg/min

Exposed

39%

Unexposed

20%

53%

Exposed

40%

Measured peak
oxygen uptake

40

68%

65%

Unexposed

0%

Radiation

Cyclophosphamide

0

Percentage with poor fitness

100%

SJMB96/03 (N=34, median age 17 y)

Predicted peak
oxygen uptake

Aerobic training interventions in healthy
children
48

6.7% change

ml/kg/min

46

45.4

43.85
44

42.85
42

42.55

10-11 year old children
randomized to:
• Exercise at 80% of
target heart rate
25-35 minutes 3x
per week
• Control group

40

Before

After

13 weeks aerobic training (n=84)
(Mandigout 2002)

Aerobic training interventions
Aerobic training post RT

C57/BL6 Mice: Additional outcomes included behavior in an open field
paradigm and a histological evaluation of hippocampal progenitor activity
(Naylor, PNAS 2008)

Aerobic training for children with
medulloblastoma enrolled on SJMB12
Surgery

T1 Baseline
assessment

Radiation
(6 weeks)

Home
(4-6 weeks)

Chemotherapy
(4 -7 months)

3 months

Intervention
Aerobic training
intervention &
physical therapy

T2 - End of
intervention
assessment

T3 - First
follow-up
assessment

T4 - Second
follow-up
assessment

Control
Physical therapy
(standard of care)

T2 - End of
intervention
assessment

T3 - First
follow-up
assessment

T4 - Second
follow-up
assessment

Randomization

To evaluate the impact of aerobic training intervention on
fitness, neurocognitive function, physical performance,
fatigue and quality of life in children with medulloblastoma

Cardiopulmonary fitness in children with ALL is
reduced
• Maintenance therapy for
ALL

45

40
35

ml/kg/min

– 15 children (9 male, mean
age 6.8 ± 3.1 years) during
– 15 age and sex matched
controls
– Ramp test cycle ergometer
to evaluate peak oxygen
uptake

Peak oxygen uptake

31.9

30
25

25.3

20

15
10
5
0

0 Children with
1 ALL

2Controls

San Juan 2008

3

Cardiopulmonary fitness in young survivors of
childhood ALL is reduced
• Meta-analysis

Standardized mean difference
between ALL survivors and
controls

– 102 ALL survivors/99
controls
– 49 males
– 7-19 years of age
– Average decrease in
capacity of -5.97±12.35
ml/kg/min (13% less than
expected)

7

6

5

4

3

2

1

0

-4

-2

0

2

Van Brussel 2005

Children with ALL are inactive
Physical activity in children with ALL
on Total XVI or AALL0932
Minutes of physical activity per day

300
250

200
150
100

52.3
30.1

50
0
7-10 days after induction

N=31, 18 males, Median age 9 (Range 5-18) years

End of consolidation

*Unpublished data PAQOL – C. Cox PI

Childhood cancer survivors are inactive
Childhood Cancer Survivor Study (2002) asked about
minutes and days per week of moderate and vigorous
physical activity in the month prior to the survey
N

% who met national
guidelines for
physical activity

Survivors

9308

46.1

Siblings

2951

52.0

Age and gender matched members
of the BRFSS cohort

27903

52.3

Ness 2009

Aerobic training interventions in healthy
children
48

6.7% change

ml/kg/min

46

45.4

43.85
44

42.85
42

42.55

10-11 year old children
randomized to:
• Exercise at 80% of
target heart rate
25-35 minutes 3x
per week
• Control group

40

Before

After

13 weeks aerobic training (n=84)
(Mandigout 2002)

ALL Stars: Web-based physical activity
intervention for children and adolescents with ALL

Baseline
assessment

Activity
monitor &
educational
materials
Website access,
activity monitor
& educational

materials

End of
intervention
assessment

Six months
post
intervention
assessment

One year post
intervention
assessment

End of
intervention
assessment

Six months
post
intervention
assessment

One year post
intervention
assessment

Reminder to connect at 2
and at 6 weeks
First 3 months after completion of therapy

To evaluate the effects of an interactive web-based
physical activity intervention on fitness among children
and adolescents following treatment for ALL.

Activity Monitor
• Sqord Booster – tri-axial
accelerometer
• Compatible with either a
computer or mobile
device
• Wireless connection to
access the Sqord interface

Interactive Interface

App

Summary
• Problems with physical function are prevalent in
childhood cancer survivors and are associated with
chronic disease
• Even after accounting for chronic disease, childhood
cancer survivors exhibit a frailty phenotype, suggesting
accelerated aging

• Research in specific populations, evaluating risk factors
for impairments in long term childhood cancer survivors
potentially supports new approaches during/soon after
therapy for children with cancer

Questions?

Frailty measures in SJLIFE
• Muscle wasting
– Age and sex specific lean muscle mass to height z-score < 1.5
• Self-reported exhaustion
– Score ≤ 40 on Vitality subscale of Medical Outcomes
Survey Short Form 36 (SF36)
• Low energy expenditure*
– < 383 activity kcal/week (males)
– < 270 activity kcal/week (females)
• Slow walking speed (15 feet (4.57 meters))*
– 7+ seconds males ≤ 173, females ≤ 159 cm tall
– 6+ seconds males > 173, females > 159 cm tall
Ness 2013

Frailty measures in SJLIFE
• Muscle weakness (Handgrip)

Body mass index (BMI) specific cut points
Males
BMI (kg/m2)
≤ 24
24.1 to 26
26.1 to 28
 28

Handgrip
cut point
≤29 kg
≤30 kg
≤30 kg
≤32 kg

Females
BMI (kg/m2)
≤23
23.1 to 26
26.1 to 29
>29

Handgrip
cut point
≤17 kg
≤17.3 kg
≤18 kg
≤21 kg

