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Abstract

Background—Healthy lifestyle choices including participation in regular physical activity may
improve health outcomes in survivors of childhood cancer. We aimed to evaluate the efficacy of a
web-delivered, physical activity intervention among adolescent survivors to increase moderate-to-
vigorous physical activity (MVPA) and improve fitness, neurocognitive and health-related quality
of life (HRQoL) over 24-weeks.

Procedure—This randomized controlled trial was conducted among survivors (aged = 11 to < 15
years) treated at a single institution. Participants were randomized to either a physical activity
intervention delivered over the internet or a control group. The intervention group received
educational materials, an activity monitor and access to an interactive website designed to
motivate increased physical activity via rewards; the control group received an activity monitor
and educational materials. Physical activity, fitness, neurocognitive and HRQoL outcomes were
assessed at baseline and 24-weeks. Mean changes were compared between groups using paired t-
tests.

Results—Of 97 survivors enrolled, 78 completed the study, mean age was 12.7 (SD 1.1), 80%
were white, and 55.1% were female. Fifty-three survivors were assigned to the intervention and 25
to the control group. While survivors in the intervention group increased, and those in the control
group decreased (4.7+119.9 vs. —24.3+89.7 minutes) weekly MVPA, this difference was not
significant (p=0.30). However, hand grip strength, number of sit-ups and pushups, neurocognitive
function, and HRQoL outcomes improved in the intervention, but not in the control group.
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Conclusions—An interactive, rewards based intervention designed to increase MVPA is feasible
in adolescent survivors of childhood cancer.
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INTRODUCTION

METHODS

Participants

Intervention

Survivors of childhood cancer are at increased risk of poor health outcomes like obesity and
metabolic syndrome? that could be potentially remediated with healthy lifestyle choices
including regular physical activity. However, over half of childhood cancer survivors do not
meet physical activity guidelines.2 Small studies of supervised in-hospital exercise
interventions indicate that it is possible to improve cardiovascular fitness, muscle strength
and flexibility among young survivors. More generalizable interventions designed to
increase engagement in independent physical activity have had less success.3 Creative and
engaging interventions may help facilitate survivors to initiate and maintain physical
activity. The purpose of this study was to evaluate the initial efficacy of a web-delivered,
interactive, rewards-based physical activity intervention among adolescent cancer survivors
to increase moderate to vigorous physical activity (MVVPA) and improve fitness,
neurocognitive and health-related quality of life (HRQoL) outcomes over 24 weeks.

This randomized controlled trial included survivors (of any diagnosis) who were treated at
St. Jude Children’s Research Hospital (SJCRH); were > 11 to < 15 years of age; were in
active follow-up (not currently undergoing active treatment for cancer); did not meet the
Centers for Disease Control and Prevention’s (CDC) physical activity guidelines at
enrollment (e.g. = 60 minutes of activity a day, seven days a week); and had internet access
and a computer with software compatible with the study activity monitor. Participants were
randomized to either a rewards based intervention or a control group (2:1 randomization).
The study protocol was approved by the St. Jude Children’s Research Hospital Institutional
Review Board. Informed consent (from the guardian) and assent (from the child) was given
prior to enrollment on study.

Participants in the intervention group received educational materials, an activity monitor and
access to an interactive website designed to encourage physical activity via rewards. When
participants first logged into the website, they created an avatar (a character used to
represent the participant). Participants uploaded individual physical activity data from their
monitor to the website, accumulating points based on daily activity levels. The goal was to
progress the avatar through various levels on the website using the points earned. Points
could also be redeemed for small prizes (e.g. t-shirts, stickers) and/or gift cards. Participants
in the control group received an activity monitor and educational materials only.
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Outcome Measures

Physical Activity—Physical activity was assessed using accelerometry at baseline, 12 and
24-weeks. The triaxial accelerometer (WGT3X-BT; ActiGraph, Pensacola FL) detects and
records the magnitude of acceleration as counts per preset epoch, predefined as 60 seconds.
Participants wore the device for seven days. In addition, physical activity was continuously
monitored with intervention study device throughout the 24-weeks. Data was automatically
transferred to the website administrator when the device was connected to the computer for
both the intervention and control groups. The control group connected the device to transmit
data and charge the device but did not have access to the intervention website.

Fitness—Hand grip strength in kilograms was measured using a Jamar hand held
dynamometer (Sammons Preston Rolyan, Nottinghamshire, UK), with the participant in a
seated position and the shoulder at 0-10° and the elbow in 90° of flexion. Each participant
completed three trials and the average was used for analysis.* To assess proximal muscle
strength, participants were asked to do full sit ups and either a knee or full pushup for 30
seconds, with the number completed recorded and used for analysis. Handgrip, sit-ups and
pushups were assessed at baseline and 24-weeks only.

Neurocognitive—General intelligence was assessed using the Wechsler Abbreviated Scale
of Intelligence (WASI).5 which provides a Full Scale Intelligence Quotient (1Q), based on
tests of vocabulary and visual-spatial construction. Cognitive flexibility was assessed using
the Delis-Kaplan Executive Function System (D-KEFS).6 Both measures were administered
at baseline and 24-weeks.

Health Related Quality of Life—Health related quality of life was measured using the
Pediatric Quality of Life Inventory (PedsQL) v4.0.” The PedsQL provides an overall general
quality of life score, and five subscales that characterize domains of psychosocial, physical,
emotional, social and school functioning. HRQoL was collected at baseline and 24-weeks.

Statistical Approach

Descriptive statistics were calculated and compared between groups using t-tests, chi-square
tests and Fishers exact tests where appropriate. Change in each respective outcome was
assessed by calculating the difference between baseline and 24-week follow-up. Change
from baseline to 24-week follow up in the intervention group was compared to change in the
control group using t-tests for MPVA and fitness, neurocognitive and HRQoL outcomes. All
analysis were conducted in SAS v9.4 (Cary, NC).

RESULTS

Participant recruitment is described in the CONSORT diagram (Fig. 1). Of the 189 survivors
eligible for recruitment, 97 survivors enrolled and 78 completed the study. The mean age
was 12.7 (SD 1.1), 80% were white, and 55.1% were female (Table 1). Fifty-three survivors
were assigned to the intervention and 25 to the control group. Baseline average weekly
MVPA was 175 minutes (SD 101.9) for the intervention and 200 (SD 90.6) for the control
group. The intervention and control groups did not differ by demographics, treatment

Pediatr Blood Cancer. Author manuscript; available in PMC 2019 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Howell et al.

Page 4

modalities, diagnosis type, or baseline MVPA (Table 1). In addition, there were no
differences in characteristics between those who completed the intervention and those who
withdrew or were lost to follow up after randomization. The completion rate for the
intervention group was slightly higher than the completion rate in the control group (84.2%
vs 80.6%, respectively — see Fig. 1). Of the 92 survivors who did not enroll in the study, 2
(2.8%) indicated they were already physically active; 6 (8.4%) had parents who reported
medical or behavioral issues; 21 (29.6%) reported being either too busy, did not want to miss
school to travel for follow-up appointment at 6 months or just did not want to commit to a 6
month intervention; 4 (5.6%) did not want to wear the activity monitor for 6 months; 8
(11.3%) were not interested; and 30 (42.3%) did not give a specific reason. Of the 16 who
were randomized and did not complete the intervention, 8 (50.0%) were lost to follow up; 7
(43.8%) did not give a specific reason for withdrawing; and 1 (6.2%) was overwhelmed with
school commitments. A total of 4 participants never accessed the website, of which 3
withdrew and 1 completed the intervention. Of those that completed the intervention,
roughly 62% progressed their avatar to at least one level, with 20% progressing through
level 6 and beyond.

Survivors who were enrolled in the intervention increased their MVPA and maintained that
increase over time (Fig. 2), while survivors in the control group steadily decreased their
weekly MVPA. There was no statistical difference between groups for mean change in
weekly MVPA after 24-weeks (4.7 (SD 119.9) minutes intervention group, —24.3 (SD 89.7)
control group, p=0.30). Mean changes (Table 2) in fitness measures (hand grip strength,
number of sit-ups and pushups), two neurocognitive outcomes (e.g. Full Scale 1Q and
Inhibitory control), and HRQoL outcomes assessed using the Pediatric Quality of Life
Inventory v48 (e.g. overall score, and physical functioning subscale) statistically improved
over time in the intervention group, but not in the control group. However, this result could
be due to sample size since randomization was 2:1 (intervention vs. control allotment). In
addition, the change in fitness, neurocognitive outcomes and HRQoL between the
intervention group and control group did not differ statistically at 6 month follow-up (see
Comparison of Change results in Table 2). Intervention efficacy did not differ by level of
avatar advancement among participants in the intervention group.

DISCUSSION

Although changes in MVVPA did not differ significantly between the intervention and control
group, variability in our sample was high (pooled SD: 110.9 minutes per week), indicating
insufficient power to detect a difference in MVPA across 24-weeks. The a priori hypothesis
was to detect a difference of 4 minutes of MVPA between the two groups (28-minutes per
week). This null result with a small sample is consistent with a previous study® that found
similar results in adolescent cancer survivors (14-18 years) using an activity monitor and a
virtual support group to increase MVPA. Replicating this intervention in a larger cohort of
survivors of childhood cancer would provide the power needed to test the hypothesis
adequately. This is warranted since no large scale multi-site portable and affordable physical
intervention activity studies have been conducted in the young adolescent cancer survivor
population.

Pediatr Blood Cancer. Author manuscript; available in PMC 2019 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Howell et al.

Page 5

The decrease we saw in the control group’s MVPA over the course of the 6 month period is
consistent with previous publications.1011 For instance, children ages 9 to 15 years in the
general population decrease their daily MVPA an average of 37 minutes a day per year.11
This reduction could also be due to the large variability in MVPA at baseline. When we
examined mean changes in fitness, neurocognitive function and HRQoL by group,
participants in the intervention group significantly improved while those in the control group
did not. Improvements in grip strength, and number of sit-ups and pushups, are parallel with
findings from a study that found improvements in upper body strength in adolescent cancer
survivors over a 10-week physical activity intervention.12 The modest gains we saw in two
neurocognitive outcomes are similar to an association found by Paxton et all3 between self -
reported cognition and leisure time activity in adolescent cancer survivors. Riggs et al found
that aerobic exercise training increased white matter, hippocampal volume and cognitive
reaction times in children survivors of brain tumors after a 12 week training period, with
increases still observed at 24 weeks!4. Additionally, in a non-cancer population, Hillman et
al'® reported that healthy preadolescent children with higher levels of fitness (aerobic
capacity, muscle strength and flexibility) had higher amplitudes of P3 (a component of
event-related brain potentials that has been associated with increased attention6). Exercise
and improvements in HRQoL have been reported previously in childhood cancer
survivors3:12.17-19_ Exercise may improve physical function specific HRQoL through
improvements in cardiovascular fitness, while overall HRQoL improvement may be driven
mainly by improvements in physical function HRQoL12 or by general improvements in
mood (e.g. increases in serotonin) and increases in positive body image20.

Although fitness and neurocognitive measures improved over time in the controls, the
differences were not statistically different from baseline to 24-week follow-up. This
improvement could be due to practice effects?! or potentially age-related increases in fitness
and neurocognitive outcomes. It is important to note that the change in the fitness measures
in the intervention group were of similar magnitude to the change in the control group,
indicating that the improvements we observed in the intervention group may be due to
differences in sample size between the two groups. These preliminary findings indicate that
increasing MVPA may have positive effects on fitness, neurocognitive and HRQoL
outcomes in adolescent survivors of pediatric cancer; however, further investigation in a
larger population and over a longer intervention period is warranted.

This pilot study was conducted to gather preliminary data for a larger trial. After conducting
the pilot, the authors concluded that: (1) due to MVPA variability, we would need to recruit a
larger sample to adequately test the original study hypothesis or identify an alternate primary
outcome measure; (2) testing this intervention in a homogenous group of survivors would
lend specific information regarding a focused disease group; and (3) evaluating and
subsequently implementing the intervention at multiple sites would test the generalizability
and portability of the intervention outside of SICRH. To this end, the authors are currently
leading an effort to expand the intervention across multiple Children’s Oncology Group
(COG,; https://www.childrensoncologygroup.org) sites, with the addition of more outcome
measures and a specific focus on one diagnosis group, acute lymphoblastic leukemia (ALL).
We will conduct a two arm randomized study to evaluate the effects of this intervention on
cardiopulmonary fitness, muscle strength, cardiovascular disease risk factors (blood
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pressure, obesity, lipids, insulin and glucose), fatigue, quality of life, and school attendance
(ClinicalTrials.gov Trial Number: NCT03223753).

This expanded trial will be achieved by recruiting children 8-15 years of age, diagnosed with
ALL, who received treatment at a COG site, are in remission, and are within the first 3
months after completion of curative therapy. Outcome measures will be assessed at
enrollment (prior to randomization), at 6 months (end of intervention) and one year off
therapy. We planned study implementation for multiple sites with an approach that
minimizes staff and institutional burden, with the investigators overseeing training,
standardization of all of the measures, and quality control checks. The evaluations can be
done by a clinical research associate, research nurse or other designated staff member. A
training video with accompanying training manual that teaches standardized procedures for
collecting the outcome measures and instructions for use of the study device will be sent to
participating sites.

Overall, the pilot study presented here provides the foundation for the development of an
easily disseminated and affordable physical activity intervention in the childhood cancer
survivor population. While potentially challenging to scale up, the intervention is
convenient, portable, cost-effective and feasible. Since the intervention is home- and
internet-based, it is easier to disseminate than intensive, clinic based interventions that
require staff to deliver the intervention components. Similar convenient and portable
physical activity interventions such as active video games have reported encouraging results
in improving physical activity among youth.22:23 Because prior behavior patterns predict
future behavior,24 the use of a rewards-based intervention to help encourage activity may
help to promote lifelong physical activity,2%:26-28 a5 these children and adolescents enter a
period of growing autonomy and independence from parents.2%30 Importantly, web-based
interactive physical activity interventions for young cancer survivors may provide
opportunities to minimize long-term morbidities.
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MVPA Moderate to vigorous physical activity

HRQoL Health related quality of life

SD Standard deviation
ALL Acute lymphoblastic leukemia
COG Children’s Oncology Group
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Potentially eligible for intervention

recruitment
N=189

l Ineligible N=206

Participants, baseline tested

N=97

Active refusals N=71
Passive refusals N=20
Lost to follow-up N=1

Participants, randomized

N=94

Removed by Pl priorto
randomization

N=3

Lost to follow-up

N=6

Participant
withdrew N=4

Control group
N=31

Dropout rate

Lost to follow-up
N=2
Participant
withdrew N=4

Dropout rate

6/31=19.4%

10/63 = 15.8%
Intervention completed Completion rate
Figure 1.

Control group
N=25

Completion rate
25/31 = 80.6%

CONSORT diagram describing participant flow for the study. Of the 189 potentially eligible
survivors for recruitment, 94 were randomized, with 63 assigned to the intervention and 31
assigned to the control group. The completion rate was 84.2% (n=53) for the intervention

group and 80.6% (n=25) for the control group.
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Weekly MVPA by Timepoint and Group Assignment

210.0
<
g 190.0
=
>
=
3 170.0
2

150.0

Baseline 12 week 24 week
Time Point

=—@®=— Intervention =—@=—Control

Figure 2.
Weekly moderate to vigorous physical activity (MVPA) by intervention group and time

point. Survivors in the intervention group increased MVPA from baseline to 12-weeks, and
then decreased slightly from 12-weeks to 24-weeks but still maintained an increase across
time compared to baseline MVVPA. The control group steadily declined in MVVPA across
time.

Pediatr Blood Cancer. Author manuscript; available in PMC 2019 August 01.



Page 11

Howell et al.

25850

gEro

P4

5260

2250
22L0

p1C0

(096) vz

((F49K3
(08) e
(000
(o)t
(08) e
(oene
(ozn e
(ov)t
(000
(000
(ozn e
(ont

(0¥2) 9

ot
(0z2) 8t

(0¥2) 9

oy 1T

(099) 1T

(Le1-0e) L8
(r6€0TE

(0'ST-0'TT) ¥'2T

(526) 6v 2860

61T
(CYAN7
(6T
(29) ¢
(0m) 6
(29)e
(29) ¢
(61T
(6T
61T
(r'92) ¥T
(0o o

(9z2) 21 g€60

(8€)¢
(0°€8) v

(zen) L gseo

(e'st) ve
(2¥9) 62 gs00

(EVT-v'2) 66 2910
(£T1-00) 6T 2600

(6v1-TTT) 82T 2960

(8°€6) ST

(00)o
(z9)t
(000
(z9)t
(z9)t
(c9)t
(9zn) ¢
(000
(000
(z9)t
(88T) €
(000

(9°2€) 9

(00o
(8'89) TT

(e18)§

(osy)er

(0s2) v

(LerzT) 8L

(€TT-50) 67

(6¥T-€TT) G2

(9°€6) €L

(To)v
(209
(ent
(To)v
(Tyr) 1T
(D9
(209
(Crak4
(€Nt
(€Tt
(8'12) LT
(€Nt

(1°€2) 8T

(6€)¢€
(5°62) 29

(zom) et

(6'7%) Ge

(1°59) e

(ev1-v'2) €6
(€T1-00)9C

(0°ST-0'TT) L'2T

Aiabing
(%) N ‘JuswiealL
AoueubBijew Jayro
Jlowiny sWyIp\
BWODJES BNSSI} YOS
BWOdJeSOAWOpgeyY
Bwiolse|qounay
ewoydwA| urybpoH-uoN
BWO}Se|qoInaN
ewoydwA| ubpoH
lowny |99 w9
ewWoaJesS Buimzg
slown] SND
BILWSBYN3| PI0J3AW 31N0y
eIWaXNa| onsejqoydwA| anoy
(%) N 'sisoufeiq
JETNTe}
UM
oelg
(%) N ‘a0eY
3eIN
afeway
(%) N “Jopua

(abuey) uelpaN ‘awn [eAIAINS

(sbuey) uelpa|n ‘sisoubelq 1e aby

(abuey) ueipa|n ‘aby uaLIND

S¢=N
dnouo jo11u0d

€3=N
dnoas uonusaiaiu| d

9T=N
M3IPYUM

8/=N
Apms palsjdwod

Author Manuscript

snye1s uoneziwopuel pue snyeis Apnis Aq uonendod Apnis ay1 Jo sansLIsIdRIRYD

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2019 August 01.



Page 12

Howell et al.

1s9)-L
yY

159} Em:cm._cou

1S8] 10eXa m‘_mr_m_uQ

1S8] UOX09| _>>mv

£8¢0  (c99e-00) v'e6T  (2'195-00) LT9T  26€0  (L'9ee-00) 99vT  (£99€-0°0) 9°'89T  (aBuy) seInUIL URIPBIN “WAAIN ADI9aM auljaseg
p6¢0 (9°06) z'002 (6'T0T) 0°'G.LT pLe0 (S°€TT) 85T (5'86) 0'€8T (@s) samnuiw uesiy "YdAIN APjespn auljaseg
Aoy [earsAyd
2¢L’0 (0ov) 01 (6's€) 6T 2290 (8'ev) 2 (z'2€) 62 uonelpey
2160 (0°08) 0z (T18) e 2960 (e18) €T (8°08) €9 Adesayrowsyd
GZ=N €G=N 9T=N 8/=N
d dnodo j01u0D  dnoa uonusAAU| d M3IPYNA Apnis palsjdwod

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2019 August 01.



Page 13

Howell et al.

(311 40 Ayipenb Janaq sa1edlpul 8109s Jaybiy) 0y (1OSPad) Alouaau] 8417 o Alfend u_:m_umn_h

(uonouny 181130 Sa1RIIPUI 3109S JaYBIY) 1531 90UBIBISIU| PAOAN-10]0D ‘WBISAS LUONOUNS BAINIEXT cm_%v_.m__wou

(uonouny Je118g S8IBIIPUI 81095 18YBIY) 8109S-Z B 0} PSLISAUOD 3100S O 8]9S [N} ‘90uabi||a1u] JO 8[edS ParRINIGQY JBISYIaAA

q
150)-| cm__maw

aj1] Jo Aujenb pajejas yieay :OOYH ‘UoleIAp plepuels :as

G50 680 ¥1°0- ro- (T2'12) 00°0L vz  6€0 98'0 26T (58'02) £2'69 25 Buluonoung 100yas 10 Mmmm__\u

a8'0 870 or'T 85y (¥9'12) 08'9L vZ 900 26T 18°€ (60'12) ¥5'92 26 ues|n Buuonound [e100s 10 SA3d

ues|n

G20 €80 20— €9°0- (00'6T) 08'8L vz 100 G8'T 79T (ez'sT) eLsL 25 Buruonound jeuonows 10 SA3d

uea|n|

150 1§50 850 0Le (T'€2) ¥5'6L vz 100 69'C G9'S (Tz61) 8872 ras Buruonound [eaisAyd 10 SA3d

uea|n

€50 €50 ¥9'0 8T'T (66'9T) 02'S. vz 100 281 €8¢ (ov'91) €8°€L s Arewwing |e1o0soyoAsd $10 sa3d

A 670 0.0 LT (86'L1) T€'GL vz 100 €9'C €8¢ (co9m) 6172 4] ues|\l [eol +10 SA3d
pSBWONO 8J17 Jo Alifen

050 7’0 180 z10 (020) 0T'0- Zz 1000 28 £2°0 (¥8°0) 00~ 05 o ®109S-Z uomIqIyul S333-d

S50 190 o 500 (15°0) 82°0- vz ¥00 10T €10 (08°0) 8T°0- 15 g ¥1095-Z O1 3[E3S 1IN ISYM

Saw09INQ SAINUDOd0INAN

20 vT°0 8T v1'e (9v'9) T9'TT TZ 80000 85°¢ 19T (€8'G) 80°TT 8y 295 Og Ut Jaquinu ‘sdnysnd

660 500 eTe GT (16°5) 02'ST 2¢ 2000 kA 67'C (TL'9) 80'ST 6 995 OF Ul Jaguinu ‘sdn 1S

660 220 12T vT'T (el Leee vz 100 692 ET'T (00'9) G6°6T 0S B ‘dub pueH

d d  edMSHEI-L  sfueyp uesn  (AS) anjen suljeseg N d eOlSHRIS-L - afueyo uesy  (AS) enfeA auljeseg N SaWO02INQ SSaUYI

|0Jiuo)d

‘SA UonUBsAIBU|

- abueyn

10 uosiredwo)

dn moj|04 X9am Z 01 auljeseq

dn moj|04 X9aM 1 01 auljaseq

dnouo jo11u0d

dnous uonusaiaiu|

dn-moj|0} ¥eam-17z 01 auljaseq woiy dnoib [01u0d pue uonuaAIBul Ag sawo21no JoOYH pue aAIlIubod0Inau ‘Ssaully ul sabuey)d

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2019 August 01.



	Abstract
	INTRODUCTION
	METHODS
	Participants
	Intervention
	Outcome Measures
	Physical Activity
	Fitness
	Neurocognitive
	Health Related Quality of Life

	Statistical Approach

	RESULTS
	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1
	Table 2

