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Pediatric Cancer Out-Patients

Amanda Wurz, msc,' Carolina Chamorro-Vina, pho,' Gregory M.T. Guilcher, mp,*** Fiona Schulte, php, r. psych, >

and S. Nicole Culos-Reed, php

1,2,5%

Background. Increasing rates of survival present a new set of
psychosocial and physical challenges for children undergoing
treatment for cancer. Physical activity (PA) has been shown to be a
safe and effective strategy to mitigate the significant burden of cancer
and its treatments, with yoga increasingly gaining recognition as a
gentle alternative. The purpose of this study was to determine the
feasibility and benefits of a 12-week community-based yoga
intervention on health-related quality of life (HRQL), select physical
fitness outcomes and PA levels (PAL). Procedure. Eight pediatric
cancer out-patients (4 male; 4 female; Mag.=11.88, SD =4.26)
participated in the 12-week intervention consisting of supervised
yoga sessions 2 times/week. Participants (patients and parent proxies)
completed measures assessing HRQL, physical fitness and PAL at
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baseline and post-intervention. Results. Rates of recruitment,
retention, attendance and adverse events indicated the program
was feasible. Wilcoxon Signed Rank tests indicated significant
improvements for patient (P=0.02) and parent reported HRQL
(P=0.03), functional mobility (P=0.01), hamstring flexibility (left,
P=0.01 and right P=0.02), and total PAL (P=0.02) pre to post
intervention. Conclusion. This 12-week community-based yoga
intervention was feasible and provides preliminary evidence for the
benefits of yoga on HRQL, physical fitness and PAL in pediatric
cancer out-patients. In a population where sedentary behavior and
the associated co-morbidities are a growing concern, these results
promote the continued exploration of yoga programming. Pediatr
Blood Cancer 2014;61:1828-1834.  © 2014 Wiley Periodicals, Inc.

INTRODUCTION

Advances in treatment protocols over the last 30 years have
resulted in improved survival rates in pediatric oncology [1].
Although imperative for recovery, many of these treatments are
associated with a myriad of adverse psychosocial and physical side
effects. These detrimental effects include: reduced health-related
quality of life (HRQL), musculoskeletal impairments (limited
functional mobility, flexibility, and range of motion (ROM)) and
physical inactivity [2-11].

Seven recent reviews of the literature have investigated physical
activity (PA) as a feasible, safe and effective strategy to promote
HRQL, mitigate the effects of treatments, and enhance PA levels
(PAL) in pediatric oncology [8,10,12-16]. These studies have
examined PA in the form of mild to moderate aerobic and resistance
training, leaving alternative types of PA, such as yoga, under
explored [8,10,12-16]. Contemporary western yoga practice is
defined as an alternative form of PA that combines physical
practice, breath work and mindfulness/meditation [17,18]. In adult
oncology, recent reviews suggest yoga may have a unique positive
influence on psychosocial health outcomes [19]. Specifically,
the literature reports positive effects for a variety of outcomes,
including HRQL, mood, cancer-related distress, symptoms of
fatigue, and sleep [18-20].

To date, there are three published studies providing preliminary
evidence that yoga may offer psychosocial benefits for pediatric
cancer patients [21-23]. This small body of literature necessitates
continued exploration of key issues. First, no study has explored
an intervention longer than five weeks. Second, the research has
focused on hospital-based interventions leaving community-based
unstudied. Third, none of the studies have explored the potential
physical benefits of yoga.

Purpose

To begin to address these issues, the primary purpose of the
present study was to examine the feasibility of a 12-week,
community-based, yoga program for pediatric cancer out-patients
(defined as those children receiving active cancer therapy day
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treatments) at the Alberta Children’s Hospital (ACH). The
secondary purpose was to explore the potential benefits of the
yoga intervention on HRQL, select physical fitness outcomes
(functional mobility, flexibility, and ROM), and PAL.

Hypotheses

Based on the literature, it was hypothesized that this intervention
would be feasible as measured by recruitment, attendance,
retention, and adverse events. Furthermore, it was hypothesized
it would be beneficial as measured by improvements in HRQL,
physical fitness outcomes and PAL.

METHODS

Participants

Inclusion criteria: (i) 5 years and older; (ii) out-patient;
(iii) limited previous yoga experience; and (iv) not meeting the
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Canadian Society for Exercise Physiology (CSEP) PA guidelines.
Ethics approval was obtained through the Conjoint Health Research
Ethics Board. All participants and parents gave informed assent and
consent for participation in the study and received medical
clearance from their treating oncologist. Based on the limited
data available and the feasibility nature of the study, no sample size
was calculated.

Study Procedure

At baseline and post-intervention (within 2 weeks of completing
the 12-week intervention) participants completed measures of
HRQL, physical fitness outcomes and PAL. Parents completed
measures of HRQL at baseline and 12-weeks. The intervention
consisted of two supervised, group-based 1-hour yoga sessions/
week at a location in the local community (Fig. 1).

Yoga protocol. A 12-week pediatric yoga protocol was
developed and modeled after a standardized yoga class. Each
60 minute class consisted of a warm-up, supine/seated/kneeling
poses, standing poses, group activity, supine/seated/kneeling/prone
poses, cool-down, and a final resting pose. Each element included in
the protocol was designed to target an aspect of the outcome
variables. All poses had available modifications and participants
were instructed on these when necessary. Prior to being
implemented, the protocol was reviewed by a team of yoga
instructors, CSEP-Certified Exercise Physiologists (CEPs) and a
physiotherapist from the hematology oncology transplant (HOT)
program at the ACH, to enhance safety and ensure the protocol
would adequately target both psychosocial and physical health
outcomes. Instructors were required to hold yoga certifications and
have complementary training in yoga for cancer populations and
children.

Outcome Measures

Primary outcome: program feasibility. Recruitment, reten-
tion, attendance and adverse events were measures of program
feasibility. As it was difficult to determine the total number of out-
patients receiving treatment at the ACH who met study criteria,
health care professional (HCP) assisted recruitment (via “consent to
contact” forms) and self-referral were tracked. Recruitment was
then defined as the number of eligible participants who enrolled in
the program out of the number who self-referred or were recruited.
Retention was defined as the number of participants completing the
intervention and all scheduled assessments. Based on the literature,
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(PedsQL 4.0 General

Module)

- Fitness Outcomes

(Assessments of: Functional
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Fig. 1. Research flow. HRQL, health-related quality of life; LSI, leisure
score index; PedsQL, pediatric quality of life inventory.
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and previously published PA studies, a retention rate of >70%
was considered feasible [21,24]. Attendance was defined as the
number of group-based yoga sessions completed. Attendance rates
averaging one class attended/week (>50%) was considered feasible
[24]. Adverse events were defined as any negative outcomes during
fitness testing and/or the 12-week yoga intervention.

Secondary outcome: potential benefits. Health-Related
Quality of Life was assessed by patient and parent-proxy reports
on the Pediatric Quality of Life (PedsQL) 4.0 General Module. The
PedsQL 4.0 (www.pedsql.org) is a 23-item likert-type response
scale, with higher scores indicating better functioning [25]. It has
good internal consistency reliability for the total score (o =0.88
self-report, 0.93 parent-proxy report), psychosocial summary
scores (a = 0.83 self-report, 0.86 parent-proxy report) and physical
summary score (a = 0.80 self-report, 0.88 parent-proxy report) [26].
It is comprised of four subscales including physical functioning,
social functioning, emotional functioning, and school functioning.
Validity has been demonstrated using the known-groups method.
The minimal clinically important difference (MCID), defined as
the smallest difference in a score that would mandate a change in
the patient’s care, has been determined to be a 4.40 change in
patient-reported HRQL and a 4.50 change in parent-proxy reported
HRQL [27,28].

Physical Fitness was assessed through a battery of assessments
performed by one CEP. Functional Mobility refers to the capacity of
children to do daily activities. It was assessed using the “Timed Up
and Go” (TUG)-3m [4,29]. The test has been used previously in
pediatric cancer populations [4,29,30]. Flexibility of the hamstrings
was assessed by the Back-Saver Sit and Reach Test [31]. Range of
Motion of the ankle was assessed using goniometry, measuring both
passive and active dorsiflexion (DF)-ROM [32].

Physical Activity Levels were assessed subjectively using the
Godin leisure score index (LSI) of the Godin Leisure Time Exercise
Questionnaire (GLTEQ) [33,34]. The internal consistency for this
scale has been reported to be 0.84 [35], and it has been used
previously in pediatric cancer populations [24].

Data Analysis

Given the exploratory nature of the study, a repeated measures
within-subjects design was selected. Data were treated per-
protocol, defined as those participants who completed assessments
at baseline and post-intervention. Descriptive analyses were
performed to check for normal distribution and to describe
participant characteristics, recruitment, retention, and attendance
rates. Non-parametric statistics were selected given the small
sample size and violations to normality. Wilcoxon Signed-Rank
tests were used to compare pre- and post-intervention HRQL,
physical fitness, and PAL data. While it is recognized that the use of
repeated tests increases the probability of Type I error, no statistical
adjustment was made. All data were analyzed in SPSS 20 [36].

RESULTS

Participant Characteristics

Table I presents the characteristics and medical profiles of those
who completed the intervention. Eight out-patients participated,
ranging in age from 5 to 17 years (Mg =11.88, SD=4.26).
Medical data revealed a mixed-cancer sample comprised of patients
diagnosed with osteosarcoma (n=1), central nervous system
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TABLE I. Characteristics and Medical Profile of Study Participants

Participant Gender Age (y) Diagnosis Treatment protocol
1 M 14 Osteo Chemo; SurgO“TX
2 F 14 Lymph Chemo®"™*
3 F 5 CNS Chemo®"™
4 F 14 ALL Chemo; Rad®"™
5 M 8 CML Chemo®"™
6 M 15 CNS Chemo; Rad; SCTO™™
7 F 8 Mult Chemo; Surg; Rad®™™
8 M 17 ALL Chemo®"™
Total: N=8 F:n=4 Mage =11.88 Osteo: n=1 Chemo: n=4
M: n=4 SD=4.26 CNS: n=2 MultMed: n=4
ALL: n=2
CML: n=1
Lymph: n=1
Mult: n=1

F, female; M, male; y, years; N, total sample size; n, sample size; M, mean; ALL, acute lymphoblastic leukemia; CML, chronic myeloid leukemia;
CNS, central nervous system tumor; Lymph, lymphoma; Mult, multiple diagnoses; Osteo, osteosarcoma; Chemo, chemotherapy; Surg, surgery;

Rad, radiation; SCT, stem cell transplant; MultMed, multiple medical interventions;

tumours (n=2), acute lymphoblastic leukemia (n=2), chronic
myeloid leukemia (1), lymphoma (n=1), and multiple cancers
(n = 1; neuroendocrine tumour and Burkitts lymphoma). Half of the
sample was receiving chemotherapy alone (n =4), while the other
half was receiving (n =2) or had received (n = 2) multiple medical
interventions (i.e., surgery, chemotherapy, radiotherapy, stem cell
transplant).

Primary Outcome: Feasibility

Recruitment data reported in Figure 2 are based on the number of
families given a “consent to contact” form, or who contacted the
research coordinator based on study advertisement they saw at the
ACH or received through a local community foundation for pediatric
cancer patients and their families. A total of 32 patients were
referred or contacted the research coordinator and were assessed for
eligibility. Of these, eight were ineligible (<5 years of age). Of the
24 eligible, 13 declined to participate. Reasons for not enrolling
included schedule conflicts (n = 9) and worsening medical condition
(n=4). Eleven participants enrolled, resulting in a recruitment
rate of 46% (11/24). Of the 11 out-patients enrolled, 73% (8/11)
completed the 12-week program. Of the completers, 100% (8/8)
completed all assessments, while 88% (7/8) of parents completed all
parent-proxy reports. Non-completers (27%; 3/11) attended baseline
assessments and an average of 1.67 classes before dropping out.
Reasons for discontinuing included: not liking yoga (n=1),
returning to school (n=1) and being too busy with appointments
(n=1). Attendance for intervention completers in the current study
was 55%, ranging from a minimum of 42% (10/24 sessions
attended) to a maximum of 88% (21/24 sessions attended). Main
reasons for not attending included treatment schedule conflicts (i.e.,
being admitted as an in-patient), going on holiday, and not feeling
well. No tracking of specific absence reasons were collected.

Secondary Outcome: Potential Benefits

Health-related quality of life. Changes in HRQL outcomes
are shown in Table II. Both patients (n=28) and parents (n=7)
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completed HRQL assessments (with the exception of the School
Functioning subscale; patients (n = 7) and parents (n = 6)). Patients
reported significant improvements in total HRQL (P =0.02) and
approached significance on psychosocial HRQL (P = 0.05). Parents
reported significant improvements in their child’s total HRQL
(P =0.03), psychosocial (P = 0.04), physical (P = 0.03) and school
(P=0.04) HRQL. Table II highlights all mean difference scores
for both patient and parent-proxy reports were greater than the
pre-determined MCID of 4.40 and 4.50, respectively.

Physical fitness outcomes. Changes in physical fitness out-
comes are shown in Table IIl. Functional Mobility: There was
significant improvement from baseline to post-intervention on the
measure of functional mobility (P =0.01), with participants taking
significantly less time to complete the task. Flexibility: Participants
left hamstring flexibility improved by 12.73 (SD =7.79) (P =0.01),
while their right hamstring flexibility improved by 7.52 (SD=
12.57; P=0.02). Range of Motion: There were no significant
changes over the course of the intervention on DF-ROM.

Physical activity levels. Changes in PAL are shown in
Table IV. There were no significant differences over the course of
the intervention in the number of times/week participants engaged
in PA (frequency). There were, however, significant increases in
the number of minutes (duration) participants spent in PA.
Participants reported significant increases in amount of time spent
in mild (P =0.04), moderate (P =0.03) and strenuous (P =0.04)
PA. There was also a significant increase in total PA (metabolic
equivalent (MET) hours/week) from baseline to post-intervention
(P =0.02). Moreover, there was a significant increase in total mild
PA (P=0.04).

DISCUSSION

The aim of this study was to examine the feasibility of a 12-week
community-based yoga program for pediatric cancer out-patients
and to explore the potential benefits of the yoga intervention on
HRQL, select physical fitness outcomes, and PAL. Out-patients and
their families were successfully recruited via “consent to contact”
forms and self-referral, which was considered a significant marker
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Fig. 2. Participant recruitment and retention.
TABLE II. Pre and Post Changes in Health-Related Quality of Life Outcomes Across the 12-week Intervention
Baseline Post-program
Mean (SD) Mean (SD) Mean diff. Neg. MR Pos. MR Wilcox. Z Probability
PedsQL 4.0
Total
Patient 65.08 (14.74) 75.57 (17.06) 10.497 0.00 4.00 2.37 0.02*
Parent 56.67 (20.21) 79.19 (17.45) 22.527 1.00 4.50 2.20 0.03*
Psychosocial sum.
Patient 64.83 (12.30) 76.25 (17.97) 11.427 1.00 4.00 2.00 0.05
Parent 57.71 (20.39) 77.86 (19.50) 20.157 2.00 4.33 2.03 0.04*
Physical sum.
Patient 65.91 (24.78) 75.00 (23.27) 9.097 8.00 4.00 1.41 0.16
Parent 55.63 (26.71) 81.70 (17.62) 26.07" 1.00 4.50 2.20 0.03*
Emotional
Patient 67.50 (18.90) 78.13 (22.51) 10.637 1.50 4.50 1.58 0.11
Parent 58.57 (24.10) 81.43 (17.01) 22.867 2.00 4.80 1.71 0.09
Social
Patient 77.50 (16.90) 84.38 (17.00) 6.887 0.00 2.50 1.84 0.07
Parent 67.14 (17.76) 87.86 (14.68) 20.727 1.00 4.00 2.00 0.05
School
Patient 50.00 (29.30) 64.29 (27.45) 14.29"7 1.50 3.50 0.73 0.47
Parent 30.83 (34.70) 60.83 (34.56) 30.00T 0.00 3.00 2.02 0.04*

HRQL, health-related quality of life; Psychosocial Summ., psychosocial summary score; Physical Summ., physical summary score; Mean Diff.,
mean difference; Neg. MR, negative mean rank; Pos. MR, positive mean rank; PedsQL 4.0, Pediatric Quality of Life Inventory 4.0 General Module;
SD, standard deviation; Wilcox. Z, Wilcoxon’s Z score. *Significant at P <.05; TMCID difference.
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TABLE III. Changes in Physical Fitness Outcomes Across the 12-week Intervention

Baseline Post-program
Mean (SD) Mean (SD) Neg. MR Pos. MR Wilcox. Z Probability
Functional mobility
TUG (s) 5.70 (1.24) 4.74 (0.42) 4.50 0.00 2.52 0.01%
Flexibility
BSSR (cm)
Left leg 8.97 (5.78) 21.70 (11.32) 0.00 4.50 2.52 0.01*
Right leg 11.75 (5.25) 24.32 (10.37) 0.00 4.00 2.36 0.02*
DF-ROM (degrees)
LA 6.63 (15.19) 7.38 (7.21) 5.33 4.00 0.28 0.78
LP 14.00 (15.06) 11.25 (9.29) 3.00 3.00 1.22 0.22
RA 5.88 (15.42) 2.38 (10.45) 4.88 2.83 0.93 0.35
RP 13.00 (15.59) 9.75 (11.68) 5.40 3.00 1.26 0.21

TUG, timed up and go; s, seconds; BSSR, back saver sit and reach; cm, centimeters; LA, left active; LP, left passive; RA, right active; RP, right
passive; Neg. MR, negative mean rank; Pos. MR, positive mean rank; SD, standard deviation; Wilcox. Z, Wilcoxon’s Z score. *Significant at

P <0.05.

of feasibility. Seventy three percent of participants were retained
exceeding our pre-determined minimum of 70% to declare
feasibility. Moreover, participants attended close to 55% of classes,
exceeding our minimum of 50% attendance to be considered
feasible. Future research should consider modifying intervention
designs to take into account patients and survivors unique treatment
schedules. For example, interventions could explore combinations
of in- and out-patient yoga, as well as home-based alternatives.
Comparing these feasibility data to the literature is difficult, as
the three previous yoga studies were short in duration [21-23].
Looking at the greater PA and pediatric oncology literature, a
comparable 16-week community-based PA intervention reported
81.5% attendance to one weekly session, concluding their
intervention was feasible, although no hypothetical definition of
feasibility was given [24]. More research is needed to determine the
optimal frequency and durations of community-based interventions.
No participant experienced adverse reactions to the yoga program.
This provides support for the assertion that yoga is a safe PA for
pediatric cancer out-patients. Moreover, it addresses concerns about
holding an intervention for patients in a community setting.

In addition to feasibility, results suggest the 12-week program
was beneficial. Improvements for patient and parent-proxy reported
HRQL are consistent with previous PA interventions reporting on
HRQL in pediatric oncology [21,24,29,30,37—40]. Moreover, in the
current study, HRQL changes met the MCID. This is an important
finding as MCID are patient derived scores reflecting meaningful
changes for the patient [27]. The results from the current study, in
conjunction with the literature, suggest the potential for yoga to
improve HRQL in pediatric oncology out-patients.

Improved physical fitness outcomes in the present study are an
important addition to the current yoga and PA literature. Functional
mobility was significantly improved, with participants completing
the TUG-3m significantly faster post-intervention. San Juan
et al. [30,41] found the same improvements with their supervised
16-week (three times/week), aerobic and resistance training
intervention. There were substantial improvements in left and
right hamstring flexibility. One PA intervention to date has explored
this dimension of physical fitness and found significant (but smaller
~0.05cm) improvements [24]. Measures of DF-ROM did not
improve significantly, with the majority of scores staying relatively

TABLE IV. Changes in Physical Activity Levels Across the 12-Week Intervention

Baseline Post-program
Mean (SD) Mean (SD) Neg. MR Pos. MR Wilcox. Z Probability

Frequency (times/week)

Mild 3.36 (2.56) 3.79 (3.34) 333 2.50 0.68 0.50

Moderate 5.31 (6.78) 3.93 (3.12) 3.50 3.50 0.74 0.46

Strenuous 0.88 (1.80) 2.43 (1.95) 3.50 2.88 1.09 0.28
Duration (min)

Mild 15.00 (15.48) 45.00 (22.91) 0.00 3.00 2.02 0.04*

Moderate 12.81 (10.13) 36.25 (22.00) 0.00 3.50 2.20 0.03*

Strenuous 5.31 (10.39) 28.44 (21.67) 0.00 3.00 2.03 0.04*
METs (hr/week)

Total MET 7.87 (10.69) 18.57 (22.72) 0.00 4.00 2.37 0.02*

Mild MET 1.89 (2.72) 3.34 (4.05) 0.00 3.00 2.02 0.04*

Moderate MET 4.18 (7.14) 7.47 (10.18) 2.00 5.50 1.35 0.18

Strenuous MET 1.79 (5.55) 7.57 (10.80) 1.00 4.00 1.99 0.05

MET, metabolic equivalent; Neg. MR, negative mean rank; Pos. MR, positive mean rank; SD, standard deviation. *Significant at P < 0.05.

Pediatr Blood Cancer DOI 10.1002/pbc



the same or declining non-significantly. Similarly, Hartman
et al. [42] and San Juan et al. [30,41] found no improvements
after their 16-week and 2-year PA interventions. Conversely,
Marchese et al. [29] and Wright et al. [43] found small significant
improvements in their 4-month and 2-year interventions respec-
tively. Notably, the studies that have reported significant improve-
ments have focused on DF-ROM exercises in their intervention.
Therefore, the lack of change observed in the current intervention
may be due to the yoga protocol, which did not focus on DF-ROM.
Additionally, it could be due to the variability in goniometry
measurement [32] or the well-documented declines in DF-ROM
during treatment [7,44-47]. Future work should focus on larger
multisite randomized controlled trials to determine the cause-effect
relationship between yoga and various physical health outcomes
(i.e., fatigue, sleep quality, pain, physical functioning).

The CSEP PA Guidelines for Children and Youth suggest
60 minutes of moderate-vigorous PA 7 days/week. Data from
the current study demonstrated that participants improved their
PAL over the course of the intervention, however, were still
not meeting the recommendations. This is comparable to other
studies reporting PAL below recommendations despite significant
improvements [11,24,48]. Although preliminary, the findings
suggest yoga may be a valuable addition. As Geyer et al. [21]
suggested, there is the potential for yoga to be easily implemented
in conjunction with more traditional PA programs, 1-2 times per
week, in an effort to enhance overall PAL.

Given the current study’s small sample size, the results reported
are preliminary and should be interpreted with caution. A major
limitation in the present study relates to response bias (selection
bias), which can create systematic differences between the sample
and the larger population. Although recruitment criteria were
stringent (required low PA and limited previous yoga participation),
it is likely that a more motivated group of out-patients, whose
experiences and attitudes may vary significantly from those who are
more reluctant to participate, volunteered for the study. Moreover,
given the scope of the current study and lack of a randomly assigned
control condition, it is not possible to determine the causative
influence of yoga or the potential influence of other confounding
factors. Continued research with larger sample sizes and control
groups will elucidate the effects of yoga in pediatric oncology.

CONCLUSION

The significant acute and late effects of treatments in pediatric
oncology necessitates further research into yoga programming,
which aims to enhance HRQL, improve select physical fitness
outcomes and improve PAL in a population where sedentary
behavior, and the associated co-morbidities are a growing concern.
This 12-week community-based yoga intervention was feasible and
provides preliminary evidence for the benefits of yoga on HRQL,
physical fitness and PAL in pediatric cancer out-patients. This study
continues building the foundation for yoga in pediatric oncology,
contributing uniquely to the literature.
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