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What is POEM?

POEM is an opportunity for health professionals,
school staff, community members, parents and chil-
dren involved in the cancer experience to become
comfortable with one principle: physical activity is
safe and beneficial for a child with cancer. This is
true from diagnosis, through treatment (even when
in hospital) and for the lifetime of any survivor.

The word cancer on its own evokes fear and uncer-
tainty. This manual provides the evidence for insist-
ing on children being active kids in spite of a cancer
diagnosis. It will help the reader realize that a medi-
cal condition that can require complicated, special-
ized care does not change the fact that children and
adolescents need play, sport and movement. The
fear and protective nature of parents is natural and
expected - and we all play a role in overcoming that
fear.

The information provided in this manual is a step
towards helping everyone (including professionals)
feel more comfortable with getting these kids movin'’
and groovin’ again - as kids should.

Kurt Thompson, PT , ,

Formerly Physiotherapist

Hematology/ Oncology/ Transplant program
Alberta Children’s Hospital

Calgary, Alberta Canada.



Tremendous advances have been made over the last
half century in treating childhood cancer. Through
collaboration, most cases of childhood cancer are
curable, and current efforts are directed towards one
day curing all children and reducing the short and
long term effects of curative therapy. Most survivors
of childhood cancer have some long term conse-
quence of their cancer or its treatment.

We are now moving closer to the goal of not just
curing children, but giving them lives without limita-
tions. We want young people with cancer to not only
survive, but to have the capacity to live well. All of the
efforts made towards these goals by children and ad-
olescents, families and care providers need to be sup-
plemented by healthy living. Physical activity is an es-
sential component of healthy living. POEM is about
helping families and professionals incorporate physi-
cal activity into the care of young people with cancer,
and extend this activity to maximize survivorship or
palliation. Physical activity can not only improve the
lives of children or teenagers with cancer, but it can
improve their lives after cancer- a life that should be
long and fulfilling, without limits.

Gregory M.T. Guilcher MD, FRCPC, FAAP
Pediatric Oncologist

Section of Pediatric Oncology and Blood and Marrow Transplant

Alberta Children’s Hospital

Assistant Professor, Departments of Oncology and Pediatrics
University of Calgary Faculty of Medicine

Calgary, Alberta, Canada.



We all know the importance and benefit of physical
activity in our daily lives. This should not be an excep-
tion for children, adolescents and young adults with
cancer. The difficulty comes in knowing how to make
sure their activities are safe given all the physical and
emotional challenges they face. The POEM manual is
an excellent guide to educate health care profession-
als and families on the theory and practicality of exer-
cise and physical activity in this group. It is thorough,
and takes into account the variety of treatment and
recovery stages of an individual undergoing cancer
therapy, yet it is also easy to read. | know that reading
this book will impact the way | practice and look at
physical activity in children, adolescents and young
adults with cancer.

Tiffany Rent, RN, MN

Clinical Nurse Specialist Oncology/Neuro-Oncology
Hematology/Oncology/Transplant Program
Alberta Children's Hospital



‘ ‘ As a parent with a child with cancer our entire world
has changed forever. Being overwhelmed with feelings
of helplessness are now part of our everyday. Treat-
ment and procedures are not in our control. However
there is one thing we as parents we can take charge of:
helping and encouraging our kids to exercise. This
manual will help guide you through this and answer
many questions you may have.

After Lydia's brain cancer treatment was completed we
struggled to find a sport she could participate in, we
also had many reservations on how to go about getting
her moving. Since starting the Pediatric cancer patients
& survivors Engaging in Exercise for Recovery (PEER)
program | watched my daughter learn how to gain
strength, balance, coordination, confidence and most
of all have fun exercising!

Angela Massiah
Mom of Lydia and Veronica
Lydia is 7 years old and is a cancer survivor
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Preface

In light of advances in research and treatment protocols over the last 30 years, which
have resulted in improved rates of survival, the field of physical activity and pediatric oncology
forms an increasingly important area. It has been gaining recognition an innovative non-medical
approach and adjunct to treatment. In fact, research has found physical activity may impact and
mitigate a host of side effects experienced by childhood cancer patients and survivors.
However, because a diagnosis of cancer during childhood and adolescence is rare, and
advances in survival have been recent, this is an emerging field. Researchers are currently
trying to determine the optimal frequency, intensity, time and types of physical activity for
differing diagnoses and throughout the pediatric cancer experience. Although preliminary, we do
know that physical activity is feasible, safe and beneficial if it is appropriately tailored to the
cancer patients and survivors needs.

As researchers in this field we realized there is currently a gap between what we know
from research, and what health care professionals, allied health care professionals, and families
are implementing in pediatric cancer care.

Because we know that physical activity is a valuable component of pediatric cancer care,
as well as an essential component in the healthy development of every child, we know more
needs to be done to fill the gap. Therefore, we decided to create this manual in an attempt to
better inform health care professionals, allied health care professionals, and educators about
the benefits and considerations of physical activity during the pediatric cancer journey.

This manual represents the collective work of 27 international authors. Each author was
invited to write his/her chapter based on their leading expertise in the area.

This manual contains 16 chapters, and several practical appendices covering broad
topics which include: the benefits of physical activity, general recommendations for this
population, practical advice for those engaging in physical activity with pediatric cancer patients,
specific evidence for physical activity in several specific cancer groups (leukemia, hematopoietic
stem cell transplant patients, solid tumours, brain tumours, palliative patients), tools used to
assess physical activity, prototypes of current sustainable programs, alternative forms of
physical activity interventions (yoga and technology enriched) and practical tips and
recommendations to get more active.

This version of the manual is aimed at health care professionals, researchers and allied

health care professionals.



For the purposes of the information to follow, the editors have pre-defined several of the
terms that will be used throughout. First and foremost, the editors do acknowledge the
differences between children and adolescents. However, for the purposes of this manual,
pediatric will refer to both child and adolescent cancer patients and survivors. Second, patients
refer to children and adolescents who are receiving active treatment for their malignancy, while
survivors refer to children and adolescents who have completed treatment for their cancer.
Third, although the terms exercise and physical activity are often used interchangeably, for the
purposes of this manual, physical activity (PA) will refer to all activities that increase energy
expenditure above resting as well as traditional forms of exercise. This broad definition was
selected as a means to capture the many different types of physical activity that exist. Finally,
guality of life (QOL) will be defined according to the World Health Organization, as an
individual’s perception of their position in life in the context of the culture and value systems in
which they live and in relation to their goals, expectations, standards and concerns. It is a broad
ranging concept affected in a complex way by the person's physical health, psychological state,
level of independence, social relationships, personal beliefs and their relationship to salient
features of their environment.

To use this manual, note that bolded terms are used when a definition is in the glossary,
or the first time an abbreviation is being used in the chapter. Text boxes are provided
throughout to highlight important information. Additionally, appendices are present and are

meant to provide practical information for the reader.

Please note: these are guidelines based on the best available evidence to date. They
are general, and every child will be different. Therefore, these guidelines must be adapted on an
individual basis around personal and medical characteristics. Before starting to work with
patients, ensure they consult their oncologist or primary physician and obtain medical clearance.
If you are a fitness professional or physician, be available for information exchange. It is

recommended to start low and progress slowly, monitoring the patient or survivor carefully.



This manual is dedicated
to all the brave children impacted by cancer,
and their families.
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Chapter 1

Pediatric Oncology: An Overview

Gregory M.T. Guilcher, MD

/ Learning Objectives: \

After completing this chapter you will know:

¢ ... how to define cancer and understand general principles of its staging.
e ... the incidence of cancer in children and adolescents in North America, rates of cure,
and the prevalence of survivors of childhood cancer.

e ... the names of common types of cancer in children and adolescents.

...that the treatment of childhood cancer often requires multiple modalities of therapy,
all of which involve short-term and long-term toxicities.

e ... the importance of physical activity in preventing and mitigating toxicities of cancer

\ therapy.

Cancer is the growth of cells in which normal regulation has been altered or inactivated

Introduction

entirely’. Malignant cells proliferate without control, either due to abnormally increased growth
signals or impaired mechanisms to inhibit or restrict cell growth and proliferation. Cancer cells
often escape normal cell death, or apoptosis, yet do not grow into normal tissue structures
(differentiate) and may even revert to a more primitive form of cell. Finally, cancer cells may
not respect normal cell and tissue boundaries, and are prone to invade adjacent tissues or enter
the bloodstream to access distant sites (metastasis). These abnormal cells ultimately grow to
cause a mass or pressure effect on normal tissues, resulting in the symptoms and signs of
cancer (refer to Figure 1.1). Cancer can present as local disease in the area of origin of the
mass, or as advanced disease with dissemination to other areas of the body. Various staging
systems have been developed, with more advanced staging representing more aggressive
disease. Likewise, staging systems have typically been correlated with prognosis, with more

advanced stages often requiring more intensive therapy. Some pediatric tumors (e.g.,
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neuroblastoma) are further divided into low, intermediate and high-risk groups to incorporate
biologic tumor markers with staging to again correlate with prognosis and the need for less or

more intensive interventions.

Figure 1.1. Cellular mechanisms of cancer development.
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Note. The hallmarks or characteristics that have been found to be important for cancer formation. These
properties have been shown to play a fundamental role in tumor growth, survival and the generation of
resistance to treatment in patients. Adapted from 2,

Epidemiology of childhood cancers

Pediatric cancer comprises only 2% of all cancer cases, and the types of cancer seen in
children differ from those diagnosed in adolescents and adults . Refer to Figure 1.2 and
Figure 1.3 for a summary of common childhood cancers "*°. While cancer is relatively rare in
children, it remains the most common cause of death due to disease in children over the age of
1 year '. Approximately 1 in 7,000 children under 15 years of age in North America are
diagnosed with cancer each year '. In Canada, an average of 900 new cases per year are
identified in those under 15 years, and 1,300 cases annually in children under 19 years of age ".

The incidence is highest in children 3 years of age and younger.
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Figure 1.2. Cancer diagnoses in children 0-14 years of age.
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Figure 1.3. Cancer diagnoses in adolescents 15-19 years of age.
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Leukemias and lymphomas are the most common malignancies diagnosed in children,
followed by central nervous system (CNS) tumors then various solid tumors. Embryonal
tumors (arising from immature tissue) are more common in children compared to adults, while
carcinomas (arising from epithelial cells) are common in the adult population and uncommon in
the pediatric age range. Tumors of bone or muscle comprise a small proportion of childhood
cancers, and can often impact musculoskeletal integrity due to either the tumor itself or its
treatment.

While the causes of most childhood cancers remains unknown, approximately 10% of
cases are associated with a known genetic cancer predisposition €. Although the role of
environmental exposures have been explored, given that almost half of all childhood cancers
are diagnosed by four years of age, this allows for little time to account for environmental
exposures in the pathogenesis of childhood cancer. While much is left to be understood, several
known risk factors, accounting for a small proportion of cases have been identified (refer to text
box below).

Cure rates for childhood cancer in high-income countries now exceed 80%, and there

1,5,7

are approximately 30,000 adult survivors of childhood cancer in Canada . It is estimated that

one in 300-350 young adults in North America are survivors of childhood cancer .
Unfortunately, the reality is vastly different for those who live in low-income and developing
countries. Children with cancer in these countries often do not survive due lack of access to

timely diagnosis, care and essential medicines.

/ Known Risk Factors

v Acute Lymphoblastic Leukemia: lonizing radiation; race; some genetic
syndromes

Acute Myeloid Leukemia: Chemotherapeutics; some genetic syndromes
Brain tumors: Therapeutic ionizing radiation exposure; some genetic
syndromes

Hodgkin disease: Family history; infections

Non-Hodgkin Lymphoma: Immune deficiency

Osteosarcoma: lonizing radiation; some genetic syndromes

Ewing's sarcoma: Race

Wilms' Tumor: Some genetic syndromes

Rhabdomyosarcoma: Some genetic syndromes

Hepatoblastoma: Some genetic syndromes, birth weight /

AN

AN N N NN NN

Malionant Germ Cell Tumors: Undescended testicles
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Treatment of Childhood Cancer

Optimal treatment of cancer in children and adolescents often involves multiple types, or
modalities of therapy. The goal of treatment is to maximize the chance of cure while minimizing
both short-term and long-term toxicities. For those young people for whom cure is not
believed to be achievable, therapy can be given to prolong life and maximize quality of life
(QOL) - a goal which is a cornerstone of medical practice.

Treatment modalities typically include one or more of chemotherapy (or medical
management), immunotherapy, surgery, radiation therapy and hematopoietic stem cell
transplant (HSCT) (refer to Chapter 8). Therapies are chosen with consideration of multiple
factors including: the best published data regarding effective modalities for a given tumor, the
site(s) of the tumor, underlying medical issues, patient age, and known prognostic biologic
characteristics of the tumor. In resource-limited settings, the costs of medications and access to
radiation, surgical and diagnostic imaging facilities impact the therapy provided. The feasibility
for the provision of some aspects of supportive care by families and health providers- factors
such as the availability of intensive care support, access to inpatient beds, patient volume and
associated clinic space, transportation and distance to health care facilities may all impact rates
of survival. Intensive supportive care has greatly improved survival for children with cancer but
is associated with tremendous financial costs and resources of time and space for provision of
care. Also important are patient/family preferences and clinician experience with various
therapeutic modalities. Finally, information regarding prognosis, short and long-term toxicities

greatly influence treatment recommendations and informed decision-making.

Chemotherapy and implications for physical activity
Chemotherapy involves the administration of medicines by various routes to destroy

cancer cells. Chemotherapy has historically

~

referred to cytotoxic medications or those drugs Potential Side Effects
that are toxic to cells. Unfortunately, many such v" Inhibit growth of health cells
, . , v' Fatigue
therapies greatly impact cells in other healthy v Nausea
tissues, particularly those cells that divide quickly v" Vomiting
8 Medicati h hich focti v' Diarrhea
. Medications are chosen which are effective to v Immune suppression
treat a given tumor, administered at the highest v Loss of appetite j
dose to achieve maximal tumor cell destruction,

while still at a dose that can be tolerated with acceptable side effects. Generally such

medications are given in combination to maximize the likelihood of destroying all cancer cells,
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with as few overlapping toxicities as possible to minimize side effects. The combinations of
chemotherapeutic agents chosen and the doses administered may require individualization,
depending on the health of the child and the ability to tolerate the therapy. As many therapies
often result in lower blood cell counts, such as anemia (low red blood cell or hemoglobin levels)
which can cause low energy levels and leukopenia (low measures of white blood cells), which
predisposes the child to infection (refer to Chapter 5) special precautions with respect to
physical activity (PA) participation may be warranted. Other side effects relevant to PA include
muscular deconditioning and osteopenia. Fatigue, even after cancer therapy has been
completed, is common in children and youth undergoing chemotherapy. Several studies,
including the large Childhood Cancer Survivor Study, have identified fatigue as not only
prevalent in survivors of childhood cancer through adulthood, but as an identified barrier to
participation in PA ®'". Malnutrition is no longer accepted as an inevitable component of a
diagnosis and treatment of cancer '?. Energy requirements both at rest and during PA can be
impacted by cancer and its treatment, and these effects can be carried into survivorship and
adulthood "?. Clearly adequate energy substrates through optimal nutrition has a relationship
with fatigue and the ability to perform PA, and altered metabolic rates not only affect the
performance of PA, but PA will impact metabolic rates as well. Thus, optimal nutrition during
and after cancer therapy is important to promote normal growth and development and maximize
QOL 12,13.

There are several drugs especially relevant to PA and mobility (refer to Appendix A for a
full list of common medications and side effects). Corticosteroids, commonly used to treat
leukemias and lymphomas, cause central obesity, muscle and subcutaneous atrophy,
osteopenia/osteoporosis and can even result in osteonecrosis (bone death) 8. Vincristine
and vinblastine are drugs used to treat many leukemias, lymphomas, brain and solid tumors.
These drugs commonly cause peripheral neuropathy, which can be sensory or motor in nature.
Methotrexate, used to treat many childhood cancers including leukemias, lymphomas and some
bone tumors, can cause adverse effects on the central nervous system as well as
osteopenia/osteoporosis. Some chemotherapeutic agents such as bleomycin and nitrogen
mustard compounds are toxic to the lungs and can induce oxygen-diffusion abnormalities and
pulmonary fibrosis (scarring). It has also been well established that a class of drugs known as
anthracyclines are known to cause numerous cardiac late effects, including cardiomyopathies
and arrhythmias, with the potential for cardiac failure (refer to Chapter 6). Future goals are to

find more selective drugs with anti-tumor effect and fewer systemic side effects.
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Radiation therapy and implications for physical activity

Radiation therapy can be a highly effective treatment modality for certain pediatric

cancers '*. Radiation involves the use of photons, electrons or protons with precision to target

cancer cells. Typically radiation is used in
/ Potential Side Effects

v' Local tissue and/or skin
inflammation

the area (or field) to be radiated. v Fatigue

v Atrophy of tissue within the
radiation field

combination with another treatment modality, and

consideration is given to the child’s age as well as

Radiation therapy is toxic to healthy tissues as

well as cancer cells, so significant efforts are v Radiation-induced second
made to spare children radiation whenever mallgnancy_ : .

v" Neurocognitive delay (for cranial
possible. Growth and normal tissue development radiation)

can be significantly impacted. Cognition is
vulnerable when the developing brain is exposed to radiation, and typically children under the
age of three are spared cranial radiation, particularly to the cerebral hemispheres. Blood
vessels, muscles and bones are also at risk, and each tissue has a different capacity to tolerate
radiotherapy. Complex treatment plans are made to ensure tumor Kill is optimal while sparing
healthy tissue as much as possible, with efforts to avoid tissues and organs which are
particularly vulnerable.

Cranial radiation carries the risks of growth and neurologic complications, and children
who receive radiation to the brain are known to be at greater risk for obesity ''°. Learning
issues might impact socialization and participation in organized activities. Radiation fields which
include the lung or heart can carry risks of scarring to these organs, and cardio-respiratory long

term effects can certainly impact the ability to perform PA "°.

Surgery and implications for physical activity

Most solid tumors require an attempt at surgical resection to maximize the chances of
cure. Commonly resected lesions include CNS tumors, abdominal masses and musculoskeletal
tumors. Thoracic primary tumors or metastases may also require surgical resection. The
morbidity of such a surgery depends on the specifics of each individual case, but often such

operations are complex and require specialized expertise.

Chapter 1




...............................

Motor skills and PA tolerance are at risk of impact from such surgeries, either due to

otential injury from neurosurgical procedures,
P Jury g P f Potential Side Effects

v" Many complications and side
surgeries involving the chest cavity or functional effects depend on the site of the

tumor and specific surgical
procedure (refer to Chapter 5)

loss of lung volume or thoracic deformity from

and/or structural deficits from orthopedic surgical

intervention. Communication between orthopedic

surgeons, physiotherapists and qualified fithess instructors is essential to ensure the benefits of
PA are maximized while avoiding activities that may put musculoskeletal structures at risk.
Pathological fractures can have serious consequences both in terms of tumor control as well as
resultant surgical interventions. For example, following a pathological fracture an amputation
might be required whereas a limb salvage option might have been possible had the pathological

fracture been prevented.

Immunotherapy and implications for physical activity

Immunotherapy involves harnessing immune mechanisms and responses to destroy

cancer cells. Such therapies are the focus of (
. . Potential Side Effects
intense research, and are now becoming
. v' Allergic reactions

standard of care for diseases such as v Capillary leak syndrome
neuroblastoma and some lymphomas '"'°. The v Immune suppression

: . . v" Risk of secondary lymphoma
use of viruses to destroy cancer cells directly in )

addition to priming the child’s immune system to
increase tumor kill is of growing interest and entering the realm of clinical trials . Children and
young adults undergoing such therapy might be at risk for infection and special isolation

precautions may be necessary, thereby impacting ability to engage in PA.

Hematopoietic stem cell transplantation and implications for physical
activity

HSCT involves the infusion of blood stem or progenitor cells to facilitate recovery from
high doses of chemotherapy and/or radiation, or as a form of cellular immunotherapy to correct
an underlying blood or immune disorder. The stem cells may be re-infused into the same
individual from whom they were collected (also known as autologous HSCT), and this strategy
is typically used as a rescue from high doses of chemotherapy to allow such medication doses

to be given safely and to facilitate recovery. Allogeneic HSCT, where the donor and recipient of
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the blood stem cells are different people, is used to treat leukemias and to correct bone marrow
failure (aplastic anemia) and various immunologic disorders (refer to Chapters 8 for more

details). Given the intensity of both autologous

\

and allogeneic HSCT, deconditioning is common Potential Side Effects

and efforts to study the potential benefits of PA v" Immune suppression
. v" Deconditioning
to promote recovery and perhaps improve v Nutritional support often required
immune cell function are underway %%, v GVHD for allogeneic HSCT
. , : v Infertility
Allogeneic HSCT carries a unique v Second malignancy )
complication called graft versus host disease

(GVHD), a condition in which the donor immune cells cause inflammation in host tissues that
are identified as foreign 24 |n the acute form, GVHD can cause skin rash, diarrhea and/or liver
abnormalities. While the chronic form is less commonly seen in children, it can be a devastating
and a potentially fatal complication, which might require years of therapy before resolution %.
Manifestations of chronic GVHD are many and can include fatigue, infection, anemia, joint
stiffness, tightening of soft tissue structures with resultant decreased range of motion, as well as
impaired lung function. Treatment of GVHD includes immune suppressing drugs, with steroids
being one of the most effective agents. The side effects of corticosteroids can be significant, as

previously discussed (refer to Chapter 5 and Chapter 8 for more details).

Summary of Cancer Therapy in Children

While cure rates for cancer in children and adolescents are generally relatively high,
unfortunately cancer therapy at present is not without both short and long-term toxicities. In fact,
few therapies are without acute side effects and such toxicities can be significant and dose or
life-limiting. Supportive care is critical in the provision of good cancer therapy, and advances in
supportive care have resulted in some of the improved cure rates seen in childhood cancer
therapy over the last 50 years ?°. Extensive efforts are underway to identify those children who
need more intensive therapy while sparing children who can be cured with less toxic treatment ".

Long-term effects of therapy are also common and often life-limiting in survivors of

2728 |t is estimated that 60% of childhood cancer survivors will have at least

childhood cancer
one long-term side effect of therapy, many have multiple long-term morbidities and as many as
27% having a life-threatening complication ?®. Dedicated programs to follow survivors are
essential in Canada and worldwide to address their many unique medical and psychosocial

issues "%°.
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Late Effects and Impact of Physical Activity

As previously mentioned, cancer therapy can have significant long-term effects on the
ability to maintain an active lifestyle (refer to Chapters 15 and 16 for tips on how to become
more active and overcome barriers to PA). Toxicity to the cardiovascular system is the most

common long-term effect seen in survivors of childhood cancer therapy 2" (

refer to Chapters 5
and 6). Pulmonary toxicities might also impact PA tolerance '°. Fatigue is relatively common in
childhood cancer survivors and is related to decreased activity, yet these survivors might be
less symptomatic if physically active *'"*%*2_ CNS tumors are commonly associated with long-
term neurologic deficits and sequelae such as visual loss, gross and fine motor deficits which

can clearly impact PA levels 3

(refer to Chapter 10). Muscle weakness from steroid
exposure, surgery or radiation is clearly related to strength and conditioning. Bone integrity may
be compromised, either from a primary bone tumor or a surgical procedure required to resect
such a lesion (refer to Chapter 5 and 9). Survivors of childhood acute lymphoblastic leukemia
(ALL) are especially at risk of reduced bone mineral density, particularly due to steroid

exposure with methotrexate implicated to a lesser extent

. The leukemia itself may damage
bone integrity *. While all youth with a history of ALL are prone to long-term bone health

issues, females, adolescents and those who become deficient in growth hormone (often due to

l/\Y\P
\‘/ \-pr
l
38 df
1

Finn, 7 years old

[\

\

L
cranial radiation) are particularly at risk (refer to Chapter 7) *"*°. Sedentary lifestyle is a

modifiable risk factor to prevent reduced bone mineral density **4%4'.
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Obesity and childhood cancer

Obesity has become endemic in Western society over the last decades. Children and
adolescents who are obese often experience increased toxicities of therapy and are less likely
to survive some cancer therapies “***. Moreover, survivors of childhood cancer who have
received cranial radiation for leukemia are at higher risk of becoming obese or overweight
compared to their healthy siblings '°. Survivors of HSCT are also at greater risk for obesity *.
Historic measures of obesity, such as body mass index (BMI), may underestimate
disproportionate body composition in cancer and HSCT survivors. Specifically, some survivors
might have normal or low BMI, yet their bodies are low in muscle mass and relatively high in fat

content, a state called sarcopenic obesity *.

Future Directions: The Time for Action and Activity is Now

Children in Western society need a return to active living as part of everyday life and
play. Children currently aged 10 years are the first generation in human history expected to
have a shorter life expectancy than their parents “. The lifestyles and leisure activities in place
by age 10 are often carried into later life, with their resulting benefits and/or associated risks “°.
All professionals who provide education and health care for children carry responsibility to
promote and advocate for healthy living. Children and adolescents who undergo cancer therapy
have already undertaken immense risk and persevered incredible challenges in an effort to live
longer. Such a life should be as healthy as possible - survivors should not only be living but
living well, and health promotion and disease prevention should be at the core of survivorship
care. This focus on healthy living can start with a cancer diagnosis to not only increase the
opportunity for cure but to also promote and establish lifelong healthy lifestyles. Prescriptions for
PA have been shown to result in higher activity levels for patients and survivors, and such
prescriptions can be given concurrently with cancer and survivorship care *’.

The short and long-term toxicities of cancer therapies as they are provided today can
result in barriers to active living. These toxicities include cardio-respiratory and musculoskeletal
compromise, but these barriers are not insurmountable. PA interventions and the promotion of
active living, which can mitigate complications of cancer therapy as well as improve physical,
mental and emotional well-being, are essential in the provision of complete care of children and
youth with cancer or who have survived cancer therapy. The time is now to recognize the critical
importance of a simple but potentially lifesaving intervention - PA - that comes with little to no

adverse effects yet offers tremendous benefits.
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/ Take Home Message

Cancer in children and adolescents is relatively rare and cure rates are high.
Current treatments still carry significant toxicities both short and long-term. Due
to the intensity of these therapies and the significant time away from
educational, social and athletic activities, children and adolescents who are
diagnosed and treated for cancer are at high risk of physical deconditioning and
may miss critical opportunities to develop healthy habits for active living.
Physical activity is a safe and essential part of a healthy lifestyle, and activity
during childhood cancer therapy can prevent and reduce the severity of

complications, as well as promote healthy behaviors which are particularly

important for this population with specific health risks. /

Acknowledgment: Dr. Gregory Guilcher would like to acknowledge Gaya Narendran for adapting Figure
1.1.

Chapter 1
12



10.

11.

12.

13.

14.

...............................

References

Davidoff AM. Pediatric oncology. Semin Pediatr Surg. 2010; 19(3): 225-233.

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000; 100(1): 57-70.

Canadian Cancer Statistics 2013. Public Health Agency of Canada Web site.
http://www.cancer.ca/~/media/cancer.ca/CW/cancer%20information/cancer%20101/
Canadian%20cancer%20statistics/canadian-cancer-statistics-2013-EN.pdf.Published May,
2013. Accessed July, 2014.

National Cancer Institute. Fast Stats: An interactive tool for access to SEER cancer statistics.
Surveillance Research Program, National Cancer Institute. http://seer.cancer.gov/faststats.
Accessed July, 2014.

Gurney JG, Bondy, ML. Epidemiology of childhood cancer. In: Pizzo PA, Poplack, DG, ed.
Principles and Practice of Pediatric Oncology. 5" ed. Philadelphia, PA: Lippincott Williams &
Wilkins; 2006:1-13.

Plan SE, Malkin D. Childhood cancer and heredity. In: Pizzo PA, Poplack, DG, ed. Principles and
Practice of Pediatric Oncology. 5" ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2006:14-37.
Kopp LM, Gupta P, Pelayo-Katsanis L, Wittman B, Katsanis E. Late effects in adult survivors of
pediatric cancer: A guide for the primary care physician. Am J Med. 2012; 125(7): 636-641.
Adamson PC, Balis FM, Berg S, et al. General principles of chemotherapy. In: Pizzo PA, Poplack,
DG, ed. Principles and Practice of Pediatric Oncology. 5" ed. Philadelphia, PA: Lippincott Williams
& Wilkins; 2006:290-365.

Clanton NR, Klosky JL, Li C,et al. Fatigue, vitality, sleep, and neurocognitive functioning in adult
survivors of childhood cancer: A report from the Childhood Cancer Survivor Study. Cancer. 2011;
117(11): 2559-2568.

Cox CL, Montgomery M, Oeffinger KC,et al. Promoting physical activity in childhood cancer
survivors: results from the Childhood Cancer Survivor Study. Cancer. 2009; 115(3):642-654.
Gordijn MS, van Litsenburg RR, Gemke RJ. Sleep, fatigue, depression, and quality of life in
survivors of childhood acute lymphoblastic leukemia. Pediatr Blood Cancer. 2013; 60(3):479-485.
Bechard LJ, Adiv OE, Jaksic T, et al. Nutritional supportive care. In: Pizzo PA, Poplack, DG, ed.
Principles and Practice of Pediatric Oncology. 5" ed. Philadelphia, PA: Lippincott Williams &
Wilkins; 2006:421-432.

Sacks N, Ringwald-Smith K, Hale G. Nutritional support. In: Altman AJ, ed. Supportive Care of
Children with Cancer: Current Therapy and Guidelines from the Children's Oncology Group. 3" ed.
Baltimore, MD: The Johns Hopkins University Press; 2004:243-261.

Tarbell NJ, Yock T, Kooy H. Principles of radiation oncology. In: Pizzo PA, Poplack, DG, ed.
Principles and Practice of Pediatric Oncology. 5" ed. Philadelphia, PA: Lippincott Williams &
Wilkins; 2006:421-432.

Chapter 1
13



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

20.

30.

14

...............................

Garmey EG, Liu Q, Sklar CA, et al. Longitudinal changes in obesity and body mass index among
adult survivors of childhood acute lymphoblastic leukemia: A report from the Childhood Cancer
Survivor Study. J Clin Oncol. 2008; 26: 4639-4645.

Bhatia S. Long-term complications of therapeutic exposures in childhood: Lessons learned from
childhood cancer survivors. Pediatrics. 2012; 130(6): 1141-1143.

Friedman GK, Cassady KA, Beierle EA, Markert JM, Gillespie GY. Targeting pediatric cancer stem
cells with oncolytic virotherapy. Pediatr Res. 2012; 71(4 Pt 2): 500-510.

Parsons K, Bernhardt B, Strickland B. Targeted immunotherapy for high-risk neuroblastoma - the
role of monoclonal antibodies. Ann Pharmacother. 2013; 47(2): 210-218.

Barth M, Raetz E, Cairo MS. The future role of monoclonal antibody therapy in childhood acute
leukaemias. Br J Haematol. 2012; 159(1): 3-17.

Chamorro-Vina C, Guilcher GM, Khan FM, et al. EXERCISE in pediatric autologous stem cell
transplant patients: A randomized controlled trial protocol. BMC Cancer. 2012; 12(1): 401.
Chamorro-Vina C, Ruiz JR, Santana-Sosa E, et al. Exercise during hematopoietic stem cell
transplant hospitalization in children. Med Sci Sports Exerc. 2010; 42(6): 1045-1053.

De Lisio M, Baker JM, Parise G. Exercise promotes bone marrow cell survival and recipient
reconstitution post-bone marrow transplantation, which is associated with increased survival. Exp
Hematol. 2013; 41(2): 143-154.

San Juan AF, Chamorro-Vina C, Moral S, et al. Benefits of intrahospital exercise training after
pediatric bone marrow transplantation. Int J Sports Med. 2008; 29(5): 439-446.

Sung AD, Chao NJ. Concise review: acute graft-versus-host disease: Immunobiology, prevention,
and treatment. Stem Cells Transl Med. 2013; 2(1): 25-32.

Jacobsohn DA. Optimal management of chronic graft-versus-host disease in children. Br J
Haematol. 2010; 150(3): 278-292.

Reaman GH. Foreword. In: Altman AJ , ed. Supportive Care of Children with Cancer: Current
Therapy and Guidelines for the Children's Oncology Group. Baltimore, MD: The Johns Hopkins
University Press; 2004: ix-x.

Lipshultz SE, Alvarez JA, Scully RE. Anthracycline associated cardiotoxicity in survivors of
childhood cancer. Heart. 2008; 94(4): 525-533.

Oeffinger KC, Mertens AC, Sklar CA, et al. Chronic health conditions in adult survivors of childhood
cancer. N Engl J Med. 2006; 355(15): 1572-1582.

Guilcher GM, Fitzgerald C, Pritchard S. A questionnaire based review of long-term follow-up
programs for survivors of childhood cancer in Canada. Pediatr Blood Cancer. 2009; 52(1): 113-
115.

Braam KIl, van der Torre P, Takken T, et al. Physical exercise training interventions for children and
young adults during and after treatment for childhood cancer. Cochrane Database Syst Rev. 2013;
4:CD008796.

Chapter 1



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

...............................

Groeneveld IF, de Boer AG, Frings-Dresen MH. Physical exercise and return to work: Cancer
survivors' experiences. J Cancer Surviv. 2013; 7(2): 237-246.

Ortega FB, Ruiz JR, Castillo MJ, Sjostrom M. Physical fitness in childhood and adolescence: A
powerful marker of health. Int J Obes (Lond). 2008; 32(1): 1-11.

Odame |, Duckworth J, Talsma D, et al. Osteopenia, physical activity and health-related quality of
life in survivors of brain tumors treated in childhood. Pediatr Blood Cancer. 2006; 46(3): 357-362.
Rueegg CS, von der Weid NX, Rebholz CE, et al. Daily physical activities and sports in adult
survivors of childhood cancer and healthy controls: a population-based questionnaire survey. PloS
One. 2012; 7(4):€34930.

Fan C, Foster BK, Wallace WH, Xian CJ. Pathobiology and prevention of cancer chemotherapy-
induced bone growth arrest, bone loss, and osteonecrosis. Curr Mol Med. 2011; 11(2): 140-151.
Alos N, Grant RM, Ramsay T, et al. High incidence of vertebral fractures in children with acute
lymphoblastic leukemia 12 months after the initiation of therapy. J Clin Oncol. 2012; 30(22): 2760-
2767.

Rayar MS, Nayiager T, Webber CE, Barr RD, Athale UH. Predictors of bony morbidity in children
with acute lymphoblastic leukemia. Pediatr Blood Cancer. 2012; 59(1): 77-82.

te Winkel ML, Pieters R, Hop WC, et al. Prospective study on incidence, risk factors, and long-term
outcome of osteonecrosis in pediatric acute lymphoblastic leukemia. J Clin Oncol. 2011; 29(31):
4143-4150.

Thomas IH, Donohue JE, Ness KK, Dengel DR, Baker KS, Gurney JG. Bone mineral density in
young adult survivors of acute lymphoblastic leukemia. Cancer. 2008; 113(11): 3248-3256.
Jarfelt M, Fors H, Lannering B, Bjarnason R. Bone mineral density and bone turnover in young
adult survivors of childhood acute lymphoblastic leukaemia. Eur J Endocrinol / European
Federation of Endocrine Societies. 2006; 154(2): 303-309.

Polgreen LE, Petryk A, Dietz AC, et al. Modifiable risk factors associated with bone deficits in
childhood cancer survivors. BMC Pediatr. 2012; 12:40.

Barker CC, Agovi MA, Logan B, et al. Childhood obesity and outcomes after bone marrow
transplantation for patients with severe aplastic anemia. Biol Blood Marrow Transplant. 2011;
17(5): 737-744.

Rogers PC, Meacham LR, Oeffinger KC, Henry DW, Lange BJ. Obesity in pediatric oncology.
Pediatr Blood Cancer. 2005; 45(7): 881-891.

Ruble K, Hayat M, Stewart KJ, Chen A. Body composition after bone marrow transplantation in
childhood. Oncol Nurs Forum. 2012; 39(2):186-192.

Thibault R, Cano N, Pichard C. Quantification of lean tissue losses during cancer and HIV
infection/AIDS. Curr Opin Clin Nutr Metab Care. 2011; 14(3): 261-267.

A physical activity agenda ™. Design to move — Nike Web site. http://designedtomove.org.
Published 2012. Accessed July, 2014.

Chapter 1
15



...............................

47. Ortega-Sanchez R, Jimenez-Mena C, Cordoba-Garcia R, Munoz-Lopez J, Garcia-Machado ML,
Vilaseca-Canals J. The effect of office-based physician's advice on adolescent exercise behavior.
Prev Med. 2004; 38(2): 219-226.

Chapter 1
16



...............................

Chapter 2

The Benefits of Physical Activity in Pediatric Oncology

i) Health-related fitness and other physiological outcomes: Carolina Chamorro-Vifa,
PhD

ii) Fatigue: Julia Beulertz, PhD student & Freerk Baumann, PhD

iii) Psychosocial: S. Nicole Culos-Reed, PhD

vi) Neurocognition: Taryn Fay-McClymont, PhD

Learning Objectives:
After completing this chapter you will know:
Health-related fitness:
¢ ...the physiological late effects in pediatric cancer patients and survivors.
¢ ...the potential benefits of physical activity on physiological variables.
Fatigue:
o ...how fatigue may affect pediatric cancer patients and survivors on a physiological
and psychosocial level.
o ...the potential benefits of physical activity regarding fatigue.
Psychosocial:
o ...the potential benefits of physical activity on quality of life.
Neurocognitive:
o ...the neurocognitive late effects in pediatric cancer patients and survivors.
e ...the beneficial effects of physical activity on brain development and cognitive

functioning, and how this relates to pediatric cancer patients and survivors.
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Introduction

Progress in the treatment of most types of pediatric cancers is one of the greatest
success stories of the late 20™ century, with the five year survival rate increasing from less than
30% in 1960 to more than 80% today '. Unfortunately, the cancer treatments needed to achieve
a cure may cause a myriad of short and long-term side effects, including second malignancies,
cardiac and pulmonary impairment, musculoskeletal abnormalities, fatigue, neurocognitive
deficits and social isolation "?. These physical and psychosocial impairments have been linked
to decreased physical performance, the ability to perform activities of daily living (ADLs) and
decreased quality of life (QOL) *°.

Recently, physical activity (PA) intervention research has emerged as a promising
adjuvant therapy to mitigate some of these side effects . There is growing evidence for the
efficacy of PA to improve strength, cardiorespiratory fitness, symptoms of fatigue, and QOL
3488 Furthermore, it has been associated with enhancing normalcy for children with cancer, as
their lives are often dramatically changed by their disease and treatments °. For some patients,
normalcy means resuming their lives where they had left off before their diagnosis ™.
Importantly, none of the studies to date have reported any serious negative outcomes, even in
immunocompromised patients *>>'"'2. It is widely accepted that PA is a key factor in the
development of any healthy child, with participation in PA being associated with improved
general health and disease prevention. Moreover, the link between PA and positive
psychosocial development and mental health is well-established *°. Thus, given the potential
negative side effects associated with a cancer diagnosis and its associated treatments, PA is
crucial in this special pediatric population. This chapter will discuss the benefits of PA with
regards to outcomes related to health-related fitness (HRF), fatigue, and psychosocial and

neurocognitive functioning.

i) Health-Related Fitness and Other Physiological Outcomes

Health-related fitness is the ability to become and stay physically active. It has five
components: cardiovascular fitness, muscular endurance, muscular strength, body composition
and flexibility. Together, these components promote optimum health and prevent the onset of
disease and problems associated with inactivity.

It is well known that HRF is affected by both cancer and its treatments ¢ For example,
research has found that many pediatric cancer patients and survivors experience decreased

cardiovascular fitness, muscular atrophy, limited range of motion, and an increased likelihood of

Chapter 2
18



...............................

developing metabolic syndrome (e.g., obesity, diabetes) *°. These side effects might limit the
individual‘s ability to be physically active (refer to Chapter 5) ° and make the child prone to
adopting a sedentary lifestyle. However, as PA is emerging as a promising complimentary
therapy to mitigate several of the side effects caused by cancer and its treatment, greater efforts
are being made to promote an active lifestyle among children affected by cancer **%'2.

To our knowledge, only 14 studies to date have assessed HRF outcomes in pediatric
populations (see Table 2.1). The studies identified were supervised, home-based, or a
combination of a supervised and home-based program. The intervention period in these studies
ranged from 8 weeks " to 2 years '*. The most common frequency reported was 3 times/week,
but there was large variability in studies, ranging from 1 time/week 8 to 7 times/week '*. There
was also a large variability in the duration of each training session ranging from 15
minutes/session '° to 90 minutes/session '*'®. However, 50-60 minutes/session was the most
commonly reported duration. The majority of studies conducted their intervention with acute
lymphoblastic leukemia (ALL) patients undergoing active treatment. A combination of
moderate aerobic training along with progressive resistance training was the most common
type of intervention. Other types of PA interventions included aerobic training only, aerobic
training with an educational component and yoga '’. Importantly, no negative side effects were
reported in any of the interventions. Preliminary results across these studies are promising as
seen by improved cardiorespiratory fitness, strength, body composition, flexibility and physical
function. These are described in greater detail below.

Cardiovascular fitness, also known as aerobic fithess, cardio-respiratory
endurance, maximal aerobic power, or maximal oxygen consumption (VO, max), is the
ability of the body's circulatory and respiratory systems to supply fuel during sustained PA *®. It
is measured as the amount of oxygen transported in the blood and pumped by the heart to the
working muscles and as the efficiency of the muscles to use that oxygen. Good cardiovascular
fithess has many health benefits such as decreased risk for: cardiovascular disease, stroke,
high blood pressure, diabetes and other cardiopulmonary diseases and complications ' .

Unfortunately, as a result of cancer and its treatments, cardiovascular fitness is often
decreased in pediatric cancer patients and survivors. It has been reported that pediatric cancer
patients during the maintenance phase of treatment have a peak oxygen consumption (VO
peak 24 mL/kg'/min™") clearly below the expected VO, peak for age-matched healthy children
(45 mL/kg-1/min-1) "% Several authors have corroborated this reduction in VO, peak *?%%*.
The reduction in cardiovascular fitness will thus limit the child’s capacity to perform ADL’s

without undue fatigue.
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Fortunately, this decrease in the VO, peak seems to be modifiable. San Juan et al. reported an
increase of 6 mL/kg™'/min™" after only 16 weeks of aerobic and strength training in children with
ALL during the maintenance phase of treatment (age range 4-7 years) '°. Increased aerobic
capacity after varying training periods has also been reported by several authors '"'*1%?" Thjs

is very important because VO, peak is also an excellent indicator of health status and an

independent predictor of mortality in both healthy and unhealthy populations .

Muscular strength is defined as
the maximum amount of force that a
muscle can exert against some form of
resistance in a single effort. The key to
increasing muscular strength is by
working against resistance '®. Muscular
endurance is the ability of the muscle to
continue to perform without fatiguing '®.

Because muscular strength and

The evidence indicates that many
pediatric cancer patient are forced to
reach their maximum oxygen
consumption in order to perform ADL’s.

ADL’s require between 9-18 mL/kg'1/min’1. For
example, getting dressed requires 9.45 mL/kg
Y/min”. An activity such as playground games
require 17.5 mL/kg’1/min1 and thus may be too
challenging because they are close to the
maximum oxygen consumption. Playing

basketball games or climbing stairs (24.5
mL/kg"/min”") may be near impossible or
exhausting because this activity would require
the patient to be working at 100% of their

VO,peak 325 and humans are able to tolerate
this intensity for only a few minutes %,

endurance are so closely related, they

will be discussed together.

Decreased muscular strength and

endurance are common side effects of

cancer and its treatments. Specifically,

the use of corticosteroids, surgical procedures, or long periods of immobilization (such as those
experienced during hematopoietic stem cell transplantation (HSCT) %. Research has found
resistance training is safe in pediatric cancer populations and also promotes improved muscular
strength and endurance *®. Perondi et al. reported an increase greater than 50% in the 10
repetition maximum (RM) test (bench press, leg press, leg extension and lateral pull down)
after only 12 weeks of supervised PA in children with ALL **. Similarly, San Juan et al. reported
an improvement of about 20% in muscular strength after an 8-week PA intervention in children
with ALL during the maintenance phase of treatment, as well as in children treated with HSCT
131631 Strength improvements have also been reported by Tanir et al. **, Marchese et al.

I.", and Keats and Culos-Reed ®. Rosenhagen et al. reported maintained

Chamorro et a
strength during the neutropenic phase of HSCT #’. This is an important finding, as a loss of
strength is expected during this phase of treatment. No negative side effects due to resistance

training have been reported in this population ®'"*2%3_ With regards to findings, supervised PA
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interventions seem to better induce increases of strength compared with home-based
interventions *.

Body composition refers to the relative amount of muscle, fat, bone, and other vital
components of the body . Body mass index (BMI) is a measure of relative weight based on
an individual's mass and height and is a reliable indicator of body fatness for most children and

NG S L,r‘\pv_%, teens. BMI is calculated in children in the same
< e e T S : ~
@ »t’ Nt way as for adults, but interpreted differently. In

—

children, the BMI value is compared to typical
values for other children of the same age (refer
to the Center for Disease Control and
Prevention web site for more information **).

A high prevalence of overweight and
obesity has been increasingly recognized in
patients and survivors of pediatric cancer,
mainly in ALL patients ***'. This is concerning,
as substantial weight gains are associated with
a greater risk of development of comorbidities
%8 _Equally important is substantial weight loss
*. For example, in adult populations a BMI of
less than 20 was associated with increased

transplant-related mortality, decreased survival

B , and decreased relapse free survival *°. Losses
PEER: aerobic and strength training in body weight during treatment may occur due
to malnutrition and/or chemotherapy-induced
toxicities (such as mucositis and diarrhea) “°. To date, only two studies have reported on the
effect of a PA intervention on BMI, fat mass and fat free mass in pediatric cancer patients and
survivors. Chamorro et al. reported the BMI of children undergoing HSCT during the
neutropenic phase of treatment '. Pre to post training, the intervention group increased their
BMI while the control group experienced a decrease. However, the BMI remained within a
healthy range. This was an important finding given the anticipated weight loss associated with

treatment toxicity.
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Hartman et al. ™ (see Table 2.1 for study details) reported an increase in BMI in the
control group and in the intervention group during their last two years of maintenance therapy.
However, one year after the cessation of the treatment both groups (control and intervention)
experienced decreased BMI. Notably, the decrease was significantly pronounced in the
intervention group ™. As survivors of ALL are at increased risk of become obese or overweight
during early treatment phase and post treatment, interventions to manage body composition in
this population should be promoted **. More research is necessary in this field to confirm the
benefits of PA on body composition, however the preliminary evidence is promising.

Flexibility is the range of motion around a joint '

. Sufficient flexibility in the joints can
help prevent injuries through all stages of life '®. Cancer therapy negatively impacts the
musculoskeletal system; therefore, limited range of motion (ROM) is a common side effect. For
example, reduce ankle dorsiflexion ROM is a common side effect of treatment with vincristine or
cisplatin and is called chemotherapy induced peripheral neuropathy (CIPN). Children with
diminished ankle dorsiflexion ROM will have their gait affected causing them to trip when
walking or have difficulty to climbing stairs (refer to Chapter 5 for more details on CIPN).
Improvement in ankle ROM was reported by Marchese et al, in a 12 week home-based
intervention *2. An improvement of flexibility was also reported by Keats et al. ® and Wurz et al.
' who found improvement in hamstring flexibility after the intervention. The findings in this area

are still preliminary and more research is needed.

Other physiological variables impacted by PA

PA also seems to improve other physiological variables, such as physical functioning
131941 that are commonly negatively affected in children with cancer. Physical function is
defined as the ability to perform tasks of daily living. This variable has been measured with
different tools in pediatric oncology and only a few studies have addressed it 1619313241 The
timed up and go test and the timed up and down stairs test are two of the most common tests
reported ">"'%'%3' QOverall, PA seems to improve physical functioning, however more research is
needed to confirm the preliminary evidence °.

Notably, with regards to immune system recovery, there have been no negative effects

|-42 |-11’

reported to date. Two preliminary works performed by Ladha et al. * and Chamorro et a
demonstrated that moderate exercise does not have any deleterious effect on the immune
system of children with cancer. Research must continue to explore the exercise dose issues
(frequency, intensity, and mode) to determine the most appropriate and beneficial prescriptions

to achieve immune system benefits.
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To summarize, preliminary evidence indicates that PA is safe, feasible and beneficial
throughout the childhood cancer journey. These results suggest PA promotes an improvement
in cardiorespiratory fitness, muscular strength, muscular endurance, flexibility, body
composition, and physical functioning. Early research suggests that exercise does not
negatively impact immune function; however more work is clearly necessary. Future research
on PA prescription will aid in understanding the potential improvements and develop the best

possible interventions for this population.

1) Fatigue
Fatigue has been argued to be an under-recognized and undertreated symptom in
pediatric oncology “**4. Currently, data on the prevalence of fatigue in the pediatric cancer
population is inconsistent. For example, Meeske et al. *° found that the prevalence of fatigue in
survivors of childhood ALL fell within the general population limits. However, the bulk of the

cancer literature has shown that cancer-related fatigue (CRF) is one of the most troubling and

common symptoms experienced by children during and after treatment for cancer #4462,

CRF can be defined as an unusual sense of whole body tiredness, weakness, lack of

energy, and an unusual need for rest 353, Patients and survivors also may experience

associated lifestyle changes, such as being socially isolated or unable to concentrate *>4%%3,

Fatigued patients and survivors characterize themselves as irritable, angry, unhappy and upset
9 While adult survivors tend to describe fatigue as a loss of physical functioning during daily
tasks such as short distance walking, climbing stairs or completing household tasks, children

primarily report early fatigue during games and outdoor activities *.

46,54
d 6,5

While the underlying mechanisms of CRF are not well understoo , it is most likely a

43,45,53

multidimensional, multi-factorial and highly subjective phenomenon . Regardless of the

48,51

cause, CRF is a distressing symptom negatively affecting the survivor’s physical functioning

and QOL 3484548505355 £\ rthermore, CRF is related to a number of symptoms and survivor

45,55 45,47,55

reported outcomes, including depression , poor sleep quality , and pain *°. Additional
factors associated with CRF include nausea, obesity, exercise-induced symptoms (i.e.,
shortness of breath with PA) and cognitive impairments *>***®_ Since fatigued survivors feel a
loss of physical functioning, CRF often has a negative impact on the survivor's PA behavior **".
At the same time, clinical PA programs may have the potential to reduce fatigue >*°®. Several
studies have examined the effects of PA interventions on survivors” fatigue scores and

preliminary results are promising (Table 2.2).
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Rosenhagen et al., %’ found a positive trend in terms of fatigue scores during a PA
intervention performed in the isolation phase of HSCT. Yeh et al., ** found a positive effect of a
PA program on fatigue with a sample of ALL survivors during maintenance therapy. This
positive effect was also seen in a mixed sample of cancer survivors by Blaauwbroek et al., >
and Keats and Culos-Reed 8 found a positive effect of PA on fatigue with a mixed sample of
childhood cancer survivors. While some of these PA programs were performed as a supervised

827 others were home-based programs °2°%, Additionally, the form of PA varied

intervention
from a 2-4 day in-hospital endurance training on a stationary bike *’, to a 16-week group PA
program including mixed exercises (endurance, strength, flexibility),  or a 10-week PA
counseling program with feedback from a pedometer >*. While these preliminary findings are
promising, there are some inconsistencies in the research. For example, Takken et al. > found
a positive trend in fatigue-scores, but no effect on physical functioning in their study
investigating the effects of a 12-week supervised and home-based PA program with ALL
survivors. Similarly, Hinds et al., *’ did not find any changes in fatigue within their 2-4 day
supervised, in-patient endurance training with solid tumor and acute myeloid leukemia (AML)
patients on a stationary bike. In light of the inconsistent findings across studies, Huang and
Ness * suggest that the positive effects of PA programs on fatigue may require an improvement
in the child’s fitness condition (and/or motor performance).

To summarize, the preliminary literature in this area presents promising results regarding
PA and fatigue. While PA programs may be beneficial for childhood cancer survivors suffering
from fatigue, future research is necessary to determine how PA affects fatigue and what kind of

PA is most advantageous.

Taul, Aqe S
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Table 2.2. Clinical physical activity interventions in pediatric oncology focusing on fatigue as

one of the primary outcomes.

Authors Population Intervention Results
Rosenhagen | Stem cell Supervised, in-hospital Fatigue T (n.s.) in IG during
etal. transplanted patients | (isolation phase of PBSCT) intervention
27 N= 20 IG: 34,1+ 94days; 3/wk,50 min;
1G=10 cycle ergometer and additional
(15.3 £ 3.7yr) strength/coordination exercises
CG:=10 (13.6 + 4.0yr) | CG: no sports therapy
Yeh et al. ALL Home-based (maintenance General fatigue score T
52 N=22 chemotherapy) (p=0.02 per-protocol
1G=12 (11.01 IG: 6wk; 3/wk, 30min; analyses) in IG vs. CG at 1-
3.56yr) endurance PA at 40-60% of month follow up
CG=10(12.48 HRR with PA video
3.86yr) CG: standard care

Blaauwbroek

Mixed cancer

Home-based (survivorship)

Fatigue T in IG during

et al. survivors with fatigue | 1G:10 wk; telephone counselling | intervention (p<0.0005) and
53 N= 76 and feedback from pedometer at follow up/wk 36
IG= 46 (29.8 + 8.6yr) (p<0.0005)
CG=30 (healthy
controls)
Takken etal. | ALL Supervised and home-based No significant changes in
59 N=9 (survivorship) fatigue (improvement of
1G=9 12wk; 2/wk, 45-min, supervised | 11%)
(9.3+£3.2yr) (at 66->90% of HRmax) and
2/wk home-based
Keats et al. Mixed cancer Supervised group PA Fatigue: general fatigue T
8 survivors (survivorship) during intervention (p=0.01)
N=10 16wk;1/wk, 90min; education, and at 3-month follow-up;
IG=10 endurance, strength, flexibility total fatigue and sleep/rest
(16.2 £ 1.6yr) fatigue T (p=0.01) at 12-
month follow-up
Hinds et al. Solid tumor, AML Supervised, in-hospital (during No effect on fatigue

47

N= 29

1G=14 (13.08 £
2.55yr)
CG=15(11.92+3.24
yr)

medical treatment)

IG: 2-4days, 2/days, 30min;
endurance training on
stationary bike

Note. T: Improvement; N: sample size; IG: intervention group; CG: control group; HRR: heart rate
reser\ge; yr: year(s); wk: week(s); min: minute(s); p: level of significance; (n.s.): not significant. Adapted

from
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Iii) Psychosocial

Treatments in pediatric oncology patients result in numerous negative physical and
psychosocial outcomes, ultimately negatively affecting QOL ®°®'. A strategy to potentially
mitigate many of the physical and psychosocial early and late effects is PA *°. However,
although this area of intervention research is growing, a majority of the studies to date have not
included psychosocial outcomes. Of those that have included a psychosocial outcome, the
focus has primarily been QOL using both self-report and parent proxy measures %1%27:31:32:41.6263
While this research has shown mixed results in terms of improvements over the course of an
intervention, most studies have found improvements. Importantly, no studies have reported any
detrimental psychosocial effects from PA. Growth in this area of research will help to address
some of the primary methodological issues, including the sample sizes, populations (cancer
types), and variation in the PA intervention in terms of frequency, intensity, time and type.

In the intervention studies that have found benefits in QOL measures, the findings
support PA’s positive impact on a number of different psychosocial domains, including
role/social functioning, self-esteem, anxiety, mental health domains, comfort and resilience
8.27.31,324183 ' General psychosocial modules, such as those in the Pediatric Quality of Life
Inventory (PedsQL), also show improvement post-PA intervention (e.g., Keats et al., ). Refer
to Chapter 12 for an overview of psychosocial instruments used in PA intervention research.

Yoga is an alternative form of PA that has been used as an intervention in pediatric
oncology. The four studies to date performed in pediatric cancer population have focused
primarily on the psychosocial benefits, including QOL, anxiety, depression, general well-being,
self-efficacy/control, and self-esteem '"%*%¢_ Generally positive psychosocial benefits have been
seen, however the findings are limited to date in terms of sample sizes and variety of yoga
interventions. Further discussion of this emerging yoga literature and a summary table of
findings can be seen in Chapter 14. With regards to the benefits of traditional PA, a summary of

the psychosocial benefits can be seen below in Table 2.3.
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Table 2.3. Exercise and psychosocial outcomes.

Authors Population Intervention Results
Rosenhagen | Stem cell transplanted | Supervised, in-hospital TQOL (trend)
et al. patients (isolation phase of HSCT)
27 N=20 IG: 34,1+ 94days; 50 min;
1G=10 3/wk ; cycle ergometer and
(15.3 £ 3.7yr) additional
CG=10 (13.6 £ 4.0yr) strength/coordination
exercises
CG: no sports therapy
Gohar et al. ALL; 2 weeks from Supervised, in-hospital and T QoL

41

diagnosis
N=9
1G=9 (2-14yr)

home-based program;
physical therapy
6-7mo

Speyer et al.
63

Mixed cancer patients;
during hospitalization
N=30

Supervised, in-hospital;
adapted physical activity
>30 min;3/wk

Child-report QOL (domains:
physical functioning,
role/social-physical, self-

IG= 30 esteem and mental health
(9-18yr) and behavior), Tparent-proxy
report QOL (domains:
physical functioning,
role/social-physical, self-
esteem and mental health
and pain)
San Juan et | Post-HSCT Supervised; endurance/ 1 Comfort and resilience
al. N=16 strength (self-report), T Satisfaction
31 1G=8 8wk; 90-120 min 3/wk and achievement (parent-
(10.9 + 2.8yr) proxy report)
CG=8 healthy controls
(10.9 + 2.8yr)
Keats & Mixed cancer Supervised group exercise TQOL (overall and domains:
Culos-Reed survivors (survivorship) emotional, social, physical)
8 N=10 16wk;90min; 1/wk; and at 3-month and 12-month
1G=10 education, endurance, follow up, TQOL (overall and
(16.2 £ 1.6yr) strength, flexibility domains: physical, emotional,
psychological)
San Juan et | ALL during Supervised, in-hospital; n.s.
al. maintenance therapy endurance/ strength
16 N=7 16wk; 90-120min;3/wk
1G=7
(4-7yr)
Marchese et | ALL during Supervised and home- n.s

al.
32

maintenance therapy
N=28

1G=13

(4-15yr)

CG=15

(4-13y)

based; physical therapy
4months
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Shore & Mixed cancer entities | Supervised and home-based | { Symptoms of anxiety
Shepard N=17 12wk; 30 min;3/wk
62 1G =6
CG= 11 healthy
controls

Note. T: Improvement; {: decrease; ALL: acute lymphoblastic HSCT: hematopoietic stem cell transplant;
leukemia; IG: intervention group; CG: control group; n.s.: not significant; QOL: quality of life; wk: week(s);
yr: years.

Within this growing area of research, numerous methodological considerations should
be addressed in future work that examines the potential psychosocial benefits of PA. First,
choice of variables and the associated measurement tools should take into consideration
consistency in tools and comparison across studies. While the PedsQL has been used as the
primary measure of QOL, other questionnaires have also been utilized (refer to Chapter 12).
With small sample sizes and limited research, being able to compare across studies that use
the same measures would be advantageous. Second, considerations around the PA
intervention could potentially strengthen the evidence for psychosocial benefits. Specifically,
addressing the FITT principle (the frequency, intensity, time and type) of the PA intervention
may increase the likelihood of impacting psychosocial outcomes, such as depression, anxiety,
and general well-being or overall QOL. Finally, researchers should attempt to conduct multi-site
studies to increase the sample size, and thus enhance the likelihood of finding both statistical
and clinical significance in the psychosocial outcomes. The inability, through small sample
sizes, to consider specific psychosocial domains versus the overall or general domains may be
currently limiting our ability to truly understand the impact of PA on specific psychosocial
outcomes in the pediatric oncology population. In addition, based on the small samples
available, qualitative research that potentially provides more in-depth examination of exercise

benefits in specific psychosocial domains should be employed.

iv) Neurocognition

Children with brain tumors or ALL, the most common forms of childhood cancer, are
most at risk for neurocognitive late effects due to the use of central nervous system directed
therapies, such as cranial radiation therapy (CRT), and/or high-dose or intrathecal
methotrexate and/or cytarabine (refer to Appendix A for a full list of common medications) ®".
Both CRT and high-dose or intrathecal chemotherapies have been linked to diffuse white

matter loss and demyelination in the frontal lobe and posterior cortical and sub-cortical areas,
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suppression of cell proliferation, and long-term cognitive executive deficits °>’°. These
processes often disrupt normal developmental processes in children and can cause marked
negative cognitive sequelae that can appear for many years after treatment, negatively
impacting their QOL and socialization ®*"". Cognitive executive deficits often include deficits
in processing speed, working memory, executive functioning (i.e., processes required to select,
plan, organize, and initiate goal-directed activities, inhibit behavior, and shift from one mental
set to another) and attention. Studies have demonstrated that over time these deficits negatively
impact a childhood cancer survivor’s intellectual and academic achievement largely due to a
failure to progress at the same rate as their peers, rather than a loss of skills per se 72,

While there are many studies that demonstrate neurocognitive deficits in childhood
cancer survivors, very few studies address recovery or prevention of these deficits with
remediation programs. Studies of pharmacologic therapies and cognitive remediation programs
have demonstrated some benefits in regard to cognitive executive deficits, but the results have
been mixed at best "2. There is a need for interventions that will have cognitive, physical, and
social benefits for childhood cancer patients and survivors during therapy, recovery, and long-
term.

Evidence from animal and human research demonstrates that PA may help to ‘jump-
start’ cell proliferation and foster plasticity in the neural environment °. PA has been shown to
increase growth hormone, reduce inflammation, and increase microglia in the brain, and has
beneficial effects on white matter tracts, the hippocampus and ultimately cognition ">,

Studies of healthy children confirm improvements in mood, cognition, and physical
functioning with PA ">"*®_There is an accumulation of evidence demonstrating that PA has a
beneficial effect on cognitive functioning in healthy children. A review of the literature by
Tomporowski et al. 2 demonstrated that gains in children’s mental functioning due to PA
training are seen most clearly on tasks that involve executive functions. Subsequent studies
have demonstrated that acute PA actually enhances children’s executive functioning ®'.
Research has also demonstrated that children who have higher levels of fithess show greater
brain network efficiency and neurocognitive control, improved cognitive task performance, and
better academic achievement 8%,

While evidence regarding the benefits of PA in healthy children is accumulating,
research is also demonstrating that pediatric cancer patients and survivors engage in less
activity than their healthy peers ®®'. Those survivors who have received CRT appear to be at
particular risk of inactivity. A study of cardiorespiratory fitness in survivors of pediatric posterior

fossa tumors who received CRT demonstrated that survivors were comparable to children with
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chronic heart disease and other types of childhood cancer, but were less fit than children with
cystic fibrosis and healthy controls ?*. Another study by Ness et al., ® documented specific
deficits in muscle force production and PA tolerance among adult survivors of childhood brain
tumors, with young age at diagnosis being the strongest predictor of weakness and poor fitness.

There is a dearth of studies specifically examining the beneficial effects of PA on
cognitive functioning in pediatric cancer survivors. Rodgers et al., * demonstrated that PA is
capable of alleviating some of the CRT induced deficits in neurogenesis and cognition in
rodents. For example, mice that were participated in PA after radiation demonstrated a 275%
increase in new neurons and showed fewer declines in spatial memory compared to mice that
did not have access to a running wheel "°. A study by Wolfe et al., > examined executive
functioning and cardiorespiratory fitness in pediatric cancer survivors. They examined working
memory in 9 adolescent pediatric posterior fossa tumor survivors who received CRT. Even
though the sample size was relatively small, and the average time since treatment was nearly
ten years, they found that higher cardiorespiratory fithess was associated with better working
memory .

Overall, the literature on neurocognitive benefits of PA in pediatric cancer patients and
survivors is in its infancy, but evidence is beginning to mount in terms of positive and long-term
effects of PA on cognition in children. While we know that pediatric cancer survivors suffer
deleterious neurocognitive and physical sequelae of cancer treatments, we do not yet
understand how to best intervene to prevent these late effects. By understanding the beneficial
effects of PA on brain development and cognition in healthy children and animals, we can begin
to elucidate the positive effects PA may have on preventing or ameliorating some of the

negative neurocognitive sequelae we observe in pediatric cancer survivors.

Owen, 5 years old
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Take Home Message

v Physical activity is safe and feasible. Preliminary results suggest it promotes an
improvement in cardiovascular fithess, muscular strength, muscular endurance, flexibility,
range of motion and improved physical functioning without affecting immune system
functions.

v Cancer-related fatigue is a common symptom in pediatric oncology, affecting patients and
survivors on a physiological and psychosocial level. Further research is necessary to
better understand the role for physical activity interventions on fatigue.

v' The limited research to date suggests that physical activity potentially enhances quality of
life and specific psychosocial domains. Future research is necessary to more clearly
elucidate potential benefits and outline effective methodologies and measurement tools.

v' Evidence is beginning to accumulate that demonstrates that physical activity may have

beneficial effects on neurocognitive functioning in pediatric cancer patients and survivors.

Acknowledgment: Dr. Carolina Chamorro-Vifia was funded by Alberta Children’s Hospital, Section of
Pediatric Oncology and Blood and Marrow Transplant and by the Psychosocial Oncology Research
Training Program.
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Chapter 3

Physical Activity Across the Pediatric Oncology Trajectory

Julia Beulertz, PhD student & Freerk Baumann, PhD

/ Learning Objectives:

After completing this chapter you will know:
e ...why physical activity is important in childhood cancer populations.

e ...potential reasons for inactivity in childhood cancer populations.

\ psychosocial outcomes.

e ...potential therapeutic physical activity strategies and their benefits on physiological and

~

J

Introduction

Physical activity (PA) plays a vital role in the physiological and psychosocial
development of children. Adequately developed physical fithess (i.e., strength, endurance,
flexibility) enables children to engage in activities of daily living (ADLs) ". There is a reciprocal
relationship between PA (and its success and enjoyment) and subsequent physical
functioning. As such, impaired physical functioning may lead to an inactive lifestyle and
reduced levels of PA . These reduced levels of PA may contribute to continued impaired
physical functioning and various chronic health conditions (i.e., cardiovascular disease, several
cancers, diabetes, osteoporosis, obesity, mental health disorders) 3

There are several existing PA guidelines for children and youth. According to the World
Health Organization *, Children and youth aged 5-17 should accumulate at least 60 minutes of
moderate-to-vigorous intensity PA daily. Most of the daily PA should be aerobic. Vigorous-
intensity activities should be incorporated at least 3 times per week *. Specifically, within the
field of pediatric oncology, much of the research has been based on the former Center for
Disease Control (CDC) guidelines for PA. According to CDC guidelines, 30 minutes of
moderate intensity PA on 5 days of the week or 20 minutes of vigorous intensity PA on 3 days

of the week are recommended for children and adolescents * ¢. However, it should be noted that
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these guidelines have recently been updated to 60 minutes or more of moderate to vigorous PA

daily . Refer to Appendix B for PA guidelines

Inactivity in childhood cancer survivors

Research suggests that pediatric cancer survivors tend to be inactive > ®'°. Cross-
sectional studies generally find that only approximately 50% of childhood survivors meet the
CDC guidelines for PA mentioned above > ® °. Additionally, childhood cancer survivors are more

likely to be inactive compared to healthy controls > © & 1°

and the intensity of activities tends to
be lower '°. However, there is some inconsistency in findings between researchers, with some
reporting levels of activity similar to those reported by healthy children ' '* Because healthy
children often do not meet general PA guidelines ', this may be an unexpected finding.

Several possible reasons for inactivity exist. Some research suggests this inactivity may
be due to the cancer and its associated medical treatment and side effects, while other research
suggests the low self-confidence of survivors regarding PA is the culprit °. Finally, it has been
posited that the overly cautious approach towards PA by parents, physicians and educators
may underlie the low rates of PA & '°. Most likely, it is the interplay of several factors that are

responsible for the high levels of inactivity (refer to Figure 3.1).

Figure 3.1. Direct and indirect relations between chronic health conditions and inactivity.

\ Disease ]
/ social
Overprotection Isolation
Anxiety lack of
\ knowledge

Inactivity r/
/ N

loss of
performance

functional
decline

Note. Translated from .
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For example, the disease and its subsequent treatment may result in overprotective
behaviors, increased worry/anxiety, social isolation, and a lack of knowledge regarding safe or
appropriate PA, together leading to lower levels of activity. Lower levels of PA further impair
physical functioning, which in turn contributes to an inactive lifestyle 2. While all patients and
survivors are at risk, activity rates vary by diagnosis. Bone tumor, leukemia and central
nervous system (CNS) tumor survivors have been reported to be the most inactive '* .
Additional predictors of inactivity include more than 20 gray (Gy) cranial radiation °, specific
chemotherapeutic agents (i.e., vinca-alkaloide, platinum, anthracycline; refer to Appendix A for

>" neurocognitive problems °, and those

full medication list) °, amputations °, female sex
experiencing cancer-related fatigue (CRF) '°. Because childhood cancer is associated with
impairments in health-related fitness (HRF) and physical functioning, a sedentary lifestyle after
treatment may worsen the detrimental effects of the disease and its treatment . Given that
childhood cancer survivors may suffer from various late-effects, PA should play a vital role in

pediatric oncology in order to reduce both the short and long-term side effects *.

Physical Activity Interventions in Pediatric Oncology

In order to reduce inactivity and maintain or improve physical functioning of childhood
cancer survivors, modified PA

programs may be beneficial. PA

interventions designed to maintain or
improve HRF and physical
functioning (specifically targeting
disease-related impairments) may be
conducted by allied health care
professionals or exercise specialists
with a background in pediatrics and

chronic conditions (or cancer-specific

training) '°. : :
Over the last 15 years Participants exercising at the PEER program at the
’ Gordon Townsend School in the Alberta Children’s
several studies on therapeutic PA Hospital
programs in pediatric oncology have
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been published. Most of these studies have been conducted with acute lymphoblastic
leukemia (ALL) survivors during the maintenance phase of medical treatment ’. In general,
increasing evidence on the feasibility of PA programs in pediatric oncology has been reported "
In addition, all studies investigating the effect of PA on immunological parameters
suggest that PA in pediatric oncology can be safely undertaken '®2". Two recent reviews on PA
interventions in pediatric oncology suggest there is evidence for the benefits of PA on muscle
strength, flexibility, aerobic capacity, physical functioning, fatigue and quality of life (QOL) ' %2.
Appendix 3.A presents a summary of research results regarding PA interventions with childhood
cancer patients. For detailed information including evidence levels of PA intervention studies in

pediatric oncology see Baumann et al.,"".

Physical activity during medical treatment

During the isolation phase of hematopoietic stem cell transplantation (HSCT),
supervised endurance and progressive resistance training programs have not shown any
adverse effects '® ?°. Maintenance or improvements in aerobic fitness, muscle strength, body
mass, QOL and fatigue have also been reported during this phase of treatment ' 2. In addition,
moderate-intensity PA training during hospital stays for HSCT did not show any negative effect
on immune cell recovery 2.

The research on PA programs conducted during in-patient medical treatment have

2426 o5 combined supervised and home-based 2" %28

included supervised interventions
interventions. Positive effects have been found for different physiological and psychosocial
parameters, including motor function and QOL #* % 2" |mportantly, no negative effects on
immune parameters have been reported 2. Most programs included mixed PA focusing on
endurance, strength and flexibility. A supervised yoga program has also shown benefits .
Notwithstanding, some inconsistencies in the research have been found. For example, a 2-year
PA program for survivors treated for ALL was not more beneficial when compared to standard
care in terms of bone mineral density, motor performance and ankle dorsiflexion. However, the
authors note that this was most likely due to unsatisfactory compliance %.

PA programs during later phases of treatment, such as the maintenance phase of
treatment for ALL, have included supervised '* 2% 2% home-based *""*? or combined
supervised and home-based PA programs *. The form of PA conducted within these studies

varied considerably from a 30 minute acute PA intervention ' to a 12-month enhanced activity
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program *. Regardless, positive effects were found on fatigue, endurance, ankle dorsiflexion,

functional mobility, level of activity and strength 1920293,

Physical activity during survivorship

During survivorship, research has generally focused on supervised programs ° or a
combination of supervised and home-based programs ** . Appendix 3.B provides an overview
of PA interventions during survivorship. Positive effects have been found on QOL, fatigue,
activity and HRF parameters. The duration of programs varied from 12 to 16 weeks and all

programs included some form of aerobic, resistance and/or flexibility training > >* .

Conclusion

PA programs during most phases of medical treatment, as well as during survivorship,
appear beneficial in terms of physiological and psychosocial parameters. However, as most
studies were conducted with ALL patients, best evidence is only provided for this patient group.
In addition, small sample sizes and a large variety in intervention designs and outcome
parameters limits the evidence. Therefore, future research with different childhood cancer
populations and larger sample sizes is necessary. In addition, studies should aim to determine
the best intervention design (focusing on optimal duration, intensity and type of PA) across all

phases of medical treatment and survivorship.

[ Take Home Message

Given low rates of activity in pediatric oncology, physical activity interventions
are necessary. According to current research results, physical activity
interventions are feasible, safe and beneficial for childhood cancer patients

and survivors. However, research evidence is limited and future studies are

required. J
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Appendix 3.A

Physical Activity Interventions During Medical Treatment

Author

Demographics

Intervention

Results

During Isolation Phase of HSCT

Rosenhagen et
al. ?

IG: n=10
CG: n=10
(HSCT-patients)

Supervised, in-hospital;
endurance/ PRT

34.1 + 94days; 3/wk; 50
min

Acceptance: approved
Grip Strength: 1 (NS in 1G)
QOL: 1 (NSinIG)

Fatigue: 1 (NSin 1G)

Chamorro-Vina
etal. '

IG: n=7
CG: n=13
(HSCT-patients)

Supervised, in-hospital;
endurance/ PRT
3wk; 5/wk; 50min

Adherence: >90%

Transplant Outcomes: no
differences

Aerobic Fitness: 1 (p=0.034 in I1G)
Strength: 1 (p=0.018 in IG)
Immune System: no negative effect
on immune cell recovery
Weight/BMI/body Fat: 1in IG vs.
CG during intervention

During In-Patient Medical Treatment

Gohar et al. >’

IG: n=9
(ALL; 2 weeks
from diagnosis)

and home-based

6-7mo

Supervised, in-hospital

program; physical therapy

Adherence: 98%
Motor Function: 1

QOL: 1

Geyer et al. *

N=6 (mixed
cancer types; after
induction phase)

yoga
2 mo; 5 yoga sessions

Supervised, in-hospital;

QOL: 1 (p=0.016)

Shore and PG: n=6 (mixed Supervised and home- Immune Function: | but reduction
Shepard 2 cancer entities; based; endurance and remained insufficient to cause
after induction PRT concern for health
phase) 12wk; 3/wk; 30min Endurance: t
CG: n=11 Anxiety: 1
(healthy)
Speyer et al. ©° | N=30 (mixed Supervised, in-hospital; | QOL: 1 (p=0.001 — p< 0.0001)
cancer entities; adapted physical activity
during >3/wk: 30min
hospitalization) '
Hinds etal. ©° | IG: n=14 Supervised, in-hospital; | Adherence: 84.5%
CG: n=15 endurance Sleep: T (p=0.05in IG vs. CG)
((jSu(Til:gtumor, AML; 2-4days; 2/days, 30min Fatigue: no effect

hospitalization)

Hartman et al.
28

N= 41

IG: n=20
(ALL-patients
during all phases
of medical
treatment)

2yr

Supervised and home-
based; physical therapy

Adherence: unsatisfactory
DF-ROM: not more beneficial in IG
vs. CG

BMI/body fat: normalized faster in
IG after intervention
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Author

Demographics

Intervention

Results

During Post-Transplant Phase of HSCT

San Juanetal. | N=16 Supervised; endurance/ Adherence: 70%
% IG: n=8 (post- PRT Functional Mobility: 1 (p<0.05 in IG
BMT) ) . on. ; vs. CG during intervention)
CG: n=8 Bwk; 3fwk; 90-120 min Strength: 1 (p<0.05in I1G)
(healthy) Endurance: 1 (p<0.05in IG vs. CG
during intervention)
QOL: 1 (p<0.05in IG vs. CG during
intervention)
During Maintenance Therapy
Yehetal.® [N=22 Home-based; endurance | Adherence: 67-83%
IG: n=12 training 6wk; 3/wk; 30 min | Fatigue: T (p=0.02in IG vs. CG at
(ALL) 1-mo follow-up)
Ruiz/San Juan | N=7 (ALL) Supervised, in-hospital; Immune Status: no adverse effects
etal. 22 endurance training/ PRT | on IGF, IGFBP, GH
. Adherence: >85%
16wk; 3/wk; 90-120min
WG ST ! VO2peak: 1 (p<0.05)
VT: 1 (p<0.05)
Strength: T (p < 0.05)
Functional Mobility: T (p<0.05)
Passive DF-ROM: | (p<0.01)
QOL: no differences
Author Demographics | Intervention Results

Moyer—MsiLeur et | N=13 Home-based; nutrition Level of Activity: T (p=0.14in IG
al. IG: n=6 (ALL) and exercise vs. CG during intervention)
12mo; >3/wk; 15-20min Endurance: 7 (p=0.09in IG vs. CG
during intervention)
Ladhaetal. ” | N=10 Supervised; endurance Immune Function: similar neutrophil
IG: n=4 (ALL) training reponse in IG and CG
CG: n=6 :
(healthy) 30min
Marchese et al. | N=28 Supervised and home- DF-ROM: 1 (p<0.01in IG vs. CG
32 IG: n=13 based; physical therapy during intervention)
(ALL)

4mo

Strength: 1 (p<0.01in IG vs. CG
during intervention)

Note. IG: intervention group; CG: control group; mo: month(s); wk: week(s); yr: year; N: number of
participants; min: minute(s); IGF: insulin-like growth factors; IFGBH: IGF-binding proteins; GH: growth
hormone; DF-ROM: ankle dorsiflexion range of motion; PRT: Progressive resistance training; QOL:
Quality of life (or sub-dimension of QOL); SCT: stem cell transplantation; N/n: sample size; NS: not
significant; p: level of significance; BMD: bone mineral density; BMI: body mass index; VT: ventilator
threshold; 1: improved; |: worsen.
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Appendix 3.B

Physical Activity Interventions During Survivorship

Author Demographics Intervention Results
Takken et al. ® | N=9 (ALL) Supervised and home- Feasibility: can be
based; endurance/PRT appreciated
12wk: 4/wk: 45 min No significant c_hanges in
strength, exercise
capacity, functional
mobility, fatigue
Keats and N=10 (mixed Supervised, group- Adherence: 81.5%

Culos-Reed *

cancer entities)

based; endurance
training/ PRT/ flexibility

16wk; 1/wk; 90min

QOL: T (p=0.01)
Fatigue: T (p=0.01)
Activity: T (p=0.12)
Endurance: T (p=0.31)
Strength: (abdominal:
p=0.13; upper body:
p=0.04)

Flexibility: (right:
p=0.03/left: p=0.01)

Sh arkg}/ et al.

IG: n=10 (mixed
cancer entities)

Supervised and home-

based
12wk; 2-3/wk; 45-60min

Level of Activity: T
(p<0.05 from t1-t2)

Note. IG: intervention group; N: number of participants; mo: month(s); wk: week(s); min: minute(s); PRT:
Progressive resistance training; QOL: Quality of life (or sub-dimension of QOL); N/n: sample size; p: level

of significance; 7 :improved; | : worsen.

52

Chapter 3




...............................

Chapter 4
General Physical Activity Recommendations for Pediatric

Oncology

Tim Takken, PhD & Marco van Brussel, PhD

/ Learning Objectives: \

After completing this chapter you will know:

o ...the impact of treatment modalities on physical fitness levels.

o ...the potential role of physical activity and exercise training to enhance
cardiopulmonary and musculoskeletal functioning.

e ...physical activity guidelines provided should be personalized, supervised, and

should take into account potential cardiotoxic therapy exposure.

\_ J

Introduction

Childhood cancer takes place during a fundamental phase of life in which remarkable
physiological, anatomical, and psychological transformations occur and the foundation for adult
behavior, lifestyle and health status is established *. Failure to participate in physical activity
(PA) during an average of 2 years of therapy at an age when children are usually introduced to
leisure time PA and sports may have significant implications for future PA, health outcomes and
ultimately quality of life (QOL) .

Intensive treatment, including combined treatment modalities such as chemotherapy,
surgery and radiotherapy is frequently necessary in children with cancer. These treatment
modalities might not only influence the abovementioned transformations and participation in PA,
but are frequently accompanied by a wide spectrum of short and long-term adverse events,
including diminished neurological function, cognitive dysfunction, impaired cardiac and
pulmonary function, decreased bone density, musculoskeletal sequelae and secondary

malignancy. Furthermore, impaired physical fitness is a well-known adverse effect of the
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disease itself, the treatment, hypoactivity, and deconditioning *°. Impaired physical fitness
typically includes reduced aerobic capacity, decreased muscle strength and flexibility.

PA has the capability to enhance cardiopulmonary and musculoskeletal function,
perhaps preventing lasting deficits in aerobic fitness, if incorporated during or soon after
treatment ®. Furthermore, PA may decrease the effects of muscle atrophy and cachexia due to
both cancer and the toxicity of cancer therapy through suppressing inflammatory responses,
enhancing the immune function, rate of protein synthesis and anti-oxidant enzyme activities ®.
This chapter will discuss general exercise and training recommendations for aerobic fitness,

strength and flexibility in pediatric cancer survivors, based on existing literature.

Aerobic Training

Determining the aerobic fitness in survivors with cancer is of great clinical relevance, as
this variable is a powerful predictor of mortality in people with or without disease *'2. Many
children, adolescents, and even young adults who survived cancer are reported to have lower

aerobic fitness (up to 20-30% less) than healthy controls ™

and this is especially true during
the treatment phase '°. Although various intervention studies indicate evidence for improvement
in cardiorespiratory fitness ', a recent review of randomized controlled trials (RCTs)
indicates only small benefits ’ However, due to the small number of RCTs and their low
methodological quality, outcomes of clinical trials (CTs) may also be used to determine the
efficacy of aerobic training in children with cancer. For example, the study by San Juan et al.
indicates significant improvements in aerobic fitness (VOzpeax) in children with acute
lymphoblastic leukemia (ALL) after a 16-week intra-hospital supervised PA intervention
during the maintenance phase of treatment .
Table 4.1 depicts general aerobic exercise
recommendations adapted for pediatric cancer
patients and survivors. These recommendations
are based on existing literature in healthy

children '®'°

and have been adapted based on
the literature ” and our own clinical experience
with aerobic training. For further general pediatric

PA guidelines refer to Appendix D.
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Table 4.1. General recommendations following the Frequency, Intensity, Time and Type
(F.I.T.T.) principle for children and adolescents for aerobic exercise and adapted for pediatric

cancer survivors.

F.I.T.T. Cardiovascular (aerobic) Interval training
training
Frequency | 2-5 times/week 2-3 times/week

Intensity | Moderate to heavy (VOZpeak 40 | 3-5 minutes of light to moderate baseline

to 85%) PA (VO2peax 20 to 59%) interrupted 6-8
times by 1-3 minute bouts of very intense

PA (VOzpeax > 85%)

Time 20-70 minutes In total 20-70 minutes

Type Running, jumping, cycling, Running, jumping, cycling, swimming
swimming, football (ie, soccer)

Note. FITT: frequency, intensity, time and type of exercise; VO oxygen uptake. Interval training can be
used alternatively with aerobic training. Data compiled from ®and .

Progressive Resistance Training

Childhood cancer therapy also impacts the musculoskeletal system. Compared to
healthy controls, studies have shown that treatment can result in impaired bone and muscle

strength both during active treatment and for years following the completion of therapy *2°2",

Muscle atrophy and reduced muscle strength are common among cancer survivors #?%2* due
to the catabolic effects of several chemotherapeutic agents such as vincristine and
corticosteroids (refer to Appendix A for a full list of common medications). Encouragingly,
intervention studies targeting these impairments during the maintenance phase in children with
ALL are promising '"%. Similar results were also found for children with mixed cancer diagnoses
% However, when only considering RCTs, no significant effects of exercise training on muscle
strength have been reported in the limited research to date ’. Given the low methodological
quality of the existing RCTs, CTs should also be considered in order to determine the true
efficacy of strength training on muscle strength and its effect on bone development.

Bone mineral density (BMD) is accrued during childhood. In theory (strength) training
could have a positive effect on the accrual of bone in pediatric cancer survivors #. Table 4.2

depicts general strength training recommendations for pediatric cancer patients and survivors.
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28,29

These recommendations are based on existing literature in healthy children and have been

18,30

adapted based on the literature and our own clinical experience with resistance training in

children with childhood cancer.

Table 4.2. General recommendations following the F.I.T.T. principle for strength training

adapted for pediatric cancer survivors.

F.IT.T. Strength (Resistance) Training

Frequency | 2-3 times per week

Intensity High (50-70% of maximal voluntary contraction)

Time 2-3 minutes per each principal muscle group (about 8-20 repetitions)
in total 20-30 minutes (can be interchanged with aerobic training and
games)

Type Push-ups, sit-ups / crunches, pull-ups, handgrips, squats, climbing, martial

arts, rowing etc.
Note. Adapted from *° .

Flexibility Training

In pediatric oncology, flexibility can be affected because of contractures due to long-term
hospital admission or due to diminished neurological function (e.g., diminished ankle
dorsiflexion range of motion) as an adverse effect of pharmacological treatment. Effects of
exercise training on flexibility were recently reviewed by Braam et al., . The authors reported
that flexibility has been assessed in three RCTs, with conflicting evidence. In one study, the
active ankle dorsiflexion method was used to assess flexibility and in the second study, the
passive ankle dorsiflexion test was used ’. No statistically significant difference between the
intervention and control group was identified with the active ankle dorsiflexion test, whereas with
the passive test method a statistically significant difference in favour of the exercise group was
found *'. The third study assessed body flexibility by the use of the sit-and-reach test, and no
statistically significant difference between the intervention and control group was identified .
While there may be limited health benefits, the role of flexibility in activities of daily living
(ADLs) cannot be understated. In fact, flexibility is one of the variables included in the definition

of health related-fitness by the American College of Sport Medicine (ACSM).
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Practical Tips

Health Care Professionals:

v Inform your patients about the benefits of PA.
Inform your patient about contradictions to PA, if any (refer to Chapter 5).
Provide educator or fitness professional with relevant medical information
Maintain open communication with educators and fitness professionals.
Follow gender and age-specific hematological parameters (e.g., white blood
cell counts, platelets, hemoglobin, hematocrit).

ASANANEN

Educator and Fitness Professionals:

v" Ask for medical clearance from appropriate health care professional (e.g.,
oncologist/ orthopaedic surgeon/ cardiologist). Refer to Appendix H.

v' Ask for relevant medical information (e.g., current health status, medical
treatment and co morbid conditions). Refer to Appendix G.

v" Know any contraindications to PA. Refer to Chapter 5.

v" Moderate aerobic fitness training, combined with strength training, is safe and
may be of benefit.

v Structured, personalized, supervised (in hospital) training is recommended for
the most effective training results.

v' Testing by an experienced exercise physiologist is recommended for detecting
and assessing potential anthracycline cardiomyopathy before start of PA or
training program.

v' Ask participants to update their medical information if their health status
changes.

v" Maintain open communication with medical staff.

Keep it fun to improve rates of participation and adherence.
Adapt PA to each individual’s needs.

S

Intervening During and After Treatment

It is expected that children who survived cancer will have lower fithess levels during
(chemo) therapy than during remission and will have less energy to perform PA **. When in
remission many children wish to be free of cancer and its treatment. Thus they often lack
interest in participating in organized PA therapy * offered at the hospital. Therefore, the
feasibility of PA programs seem to be the highest during the last phase of therapy or as soon as
possible when the disease moves into remission **. Many studies regarding exercise training in

pediatric cancer patients and survivors are performed with ALL during the maintenance phase
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of therapy '"*3*. However, based on the currently available evidence from RCTs and CTs it is

not yet possible to draw definitive conclusions regarding the optimal timing of the intervention.

Programming Options

After initial treatment completion, home-based, 1:1, and group-based PA programs in
community settings have all been examined ’. None of these options have been proven to be
superior in a head-to-head comparison trial ”.
However, structured, personalized, supervised in-
hospital PA programs seem to be the most
effective and safe training approach to increase
the functional capacity of childhood cancer
survivors on treatment, with possible subsequent
improvement of their muscle strength, functional
mobility and hence their QOL "®%*. Little

information is available to develop specific guidelines for each cancer type; however, currently

the literature suggests the importance of developing PA that is individually tailored.

Current Limitations

Overall, current evidence is positive regarding the impact of exercise training on muscle
strength and cardiorespiratory fitness, when all types of study designs are considered °.
However, only small benefits on cardiorespiratory fitness and flexibility and no statistical
improvements in muscle strength were found when merely RCTs and CTs were taken into
account ’. It is important to note however, that the current evidence (and its generalization) is
limited due to methodological limitations of the reviewed studies ’. Furthermore, the
aforementioned exercise programs (all designs) have mainly been conducted in children with
hematological malignancies (e.g., leukemia) and effects might differ for other types of pediatric
cancers, where research is still lacking.

Although the effects of training are promising, additional RCT should focus on high
methodological quality and child-specific features for the acquirement of evidence-based and
clinically applicable PA recommendations for pediatric cancer patients and survivors. The latter
is needed because evidence-based guidelines for the optimal design for exercise interventions

are lacking.
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Current Guidelines

It is crucial to realize that there are currently no universally accepted training guidelines
for children with cancer. Therefore, we recommend using the so-called F.I.T.T. principle;
Frequency, Intensity, Time, and Type, as a basic framework for developing an individualized,
disease-specific training program. As variations between the different factors determine the
efficacy of training, the key is to determine the most important contributing factors for each child
taking into account all the various anthropometric and disease-specific limitations. Nonetheless,
general recommendations can be given (Table 4.1 and Table 4.2). However, cancer and
treatment specific PA contraindications should be taken into consideration (refer to Chapter 5).
Healthcare professionals, clinical exercise physiologists and other exercise professionals could
assist in designing appropriate PA programs for improving physical fitness, attenuating fatigue,
and improving QOL in children surviving cancer *.

When considering physical training programming, it is important to keep in mind the
possibility of higher fatigue values, slower recovery times, and slower adaptation times in
children with cancer. The guidelines provided should be personalized, supervised, and should
take into account potential cardiotoxic therapy exposure (refer to Chapters 5 and 6) *°. Exercise
training should be developmentally and age-appropriate, enjoyable and involve a variety of
activities to maximize motivation and adherence *’. Children and adolescents are more likely to
enjoy short-term, high-intensity exercises, because they usually offer the necessary variety and
better mimic the usual daily activity pattern of children (refer to Chapter 16 for tips to increasing
PA). Furthermore, training programs should continue for about 12 consecutive weeks. After

these 12 weeks, a comprehensive re-evaluation should be made 3,

/ Take Home Message

Exercise training seems feasible and effective in pediatric cancer

survivors and could prevent lasting deficits in physical fitness and
function. Training programs should be carefully adapted to the potential
of every patient taking into account all the various anthropometric and
disease-specific limitations. Although there are currently no universally
accepted training guidelines for children with cancer, general
recommendations for training are provided in this chapter. /
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Chapter 5

Practical Aspects of Physical Activity in Pediatric Oncology

Lynn Tanner, Physiotherapist, MPT & Kurt Thompson, Physiotherapist

/ Learning Objectives: \

After completing this chapter you will know:

o ...the side effects related to cancer treatments that affect a person’s physical activity.
¢ ...the areas of emphasis and areas of caution when participating in physical activity for
each side effect.

\ e ...when symptoms during physical activity warrant a referral to a medical professional. /

Introduction

This chapter will address common side effects and conditions related to cancer and its
treatment among various pediatric oncology populations. The sections covered include: i)
chemotherapy-induced peripheral neuropathy (CIPN); ii) osteopenia/osteoporosis; iii)
osteonecrosis; iv) cardiac; v) pulmonary toxicity; vi) hypertension; vii) pancytopenias; viii) bone
tumor effects; ix) sensory impairments; and x) chronic graft-versus-host disease. Each section
will describe areas to emphasize and areas to exhibit caution when participating in physical
activity (PA). It will become evident that most forms of PA can be safely performed if the impact
of cancer and its treatments are taken into account. The evidence to date suggests that in most

cases, the benefits for PA outweigh the possible risks.

i) Chemotherapy-induced peripheral neuropathy

CIPN is a common, yet often unrecognized side effect in children and adolescents with
cancer 2 Both children in active treatment and survivors of pediatric cancer may suffer from
symptoms related to CIPN that may impact their ability to engage in PA. These side effects may

include sensory symptoms such as numbness, tingling, pain or loss of position sense (i.e.,
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proprioception), and motor symptoms including weakness and disruptions in coordination.

Because neurotoxic agents known to cause CIPN are 7/ . _
CIPN is characterized by damage to

frequently used in the treatment of multiple pediatric the peripheral nervous system from a
chemotherapeutic agent, with each
agent manifesting slightly different

CIPN has on a person’s ability to participate in PA in pathologic changes and symptomatic
effects °. )

cancers, health professionals must assess the impact

order to prescribe a successful, sustainable PA

program (refer to Table 5.1).

Table 5.1. Chemotherapy agent and pediatric cancer types.

Chemotherapy Agent Known to Cause Pediatric Cancer Type
CIPN

Vincristine ALL, Lymphomas, Solid tumors, Brain tumors
Cisplatin Brain tumors, solid tumors, bone tumors
Taxanes Rare tumors
Epithilones Refractory solid tumors
Bortezomib Refractory or recurrent tumors
Thalidomide Medulloblastoma or hepatocellular carcinoma

Note. ALL: acute lymphoblastic leukemia. Adapted from .

The pediatric modified-total neuropathy scale is reliable and valid in children and
adolescents with non-central nervous system (CNS) cancers and may be used to quantify
neuropathy symptoms. Refer to Table 5.2 for a summary of the tool.

Recent evidence measuring CIPN in children with non-CNS cancer during treatment with
vincristine or cisplatin, found that 50% of patients had sensory impairments and 90%
demonstrated distal weakness indicating motor neuropathy *. Unfortunately, these impairments
may persist, as documented by Ramchandren et al. ® who reported that 29.7% of children 7.4
years off treatment for acute lymphoblastic leukemia (ALL) demonstrated nerve conduction
abnormalities °. The frequency and persistence of CIPN therefore warrants careful

consideration.
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A pediatric cancer patient or survivor may be unaware of the motor and sensory effects

of their chemotherapy and may overestimate their ability to participate in certain types of PA.

Hartman et al. found that 77% of children (n=53, mean age 5.2 years) treated with vincristine

overestimated their motor performance °. Additionally, 48% of children and adolescents

undergoing testing for neuropathy reported functional deficits such as tripping when walking or

difficulty with buttons, and 98% demonstrated distal muscle weakness in clinical testing 2.

Because self-report data are unreliable and may fail to reveal important deficits, medical

professionals recommending PA for these patients should use clinical tests to assess

neuropathy and its potential impact on motor performance. It is often appropriate to refer to a

physical therapist to assess this deficit, as even minimal deficits can affect a person’s ability to

safely participate in PA. Fortunately, many functional limitations may be identified and

addressed by physical therapy 2.

Table 5.2. Summary of the Pediatric Modified Total Neuropathy Scale (Peds-mTNS).

) v' Graded scale for 8 areas (scored from 0 — 4); for a maximum
Scoring score of 32
v Scores of 0 — 4 Normal
v' Scores of > 4 Neuropathy
v' Sensation symptoms
v Pain, numbness, tingling
v" Functional symptoms
v' Buttons, walking, stairs
v" Autonomic systems
v Light-headedness, temperature change
o Test Equipment
Clinical Tests
v" Light touch v’ Semmes
Weinstein
monofilaments
v Pin sensation v Medipin™
v" Vibration v Biothesiometer
v Strength v" Manual muscle
test
v Reflexes v Reflex hammer

Note. Summary of Peds-mTNS summarized from .
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Areas of emphasis in patients and survivors with chemotherapy-

induced peripheral neuropathy

The following areas must be emphasized to improve the physical function and PA
capacity of a person with CIPN (refer to Table 5.3). Ankle range of motion (ROM) is often
reduced in pediatric cancer patients and survivors and may be addressed by stretching (refer to
Appendix 5.A) ’. Younger children should have their caregiver stretch the gastrocnemius-soleus
muscle complex with knee extended to optimize muscle length. School-age children and
adolescents can stretch independently at a wall or on a step. Patients and survivors of ALL who
have less than 5 degrees of active ankle dorsiflexion (DF) ROM are more likely to demonstrate
decreased walking efficiency even 10 years post treatment compared to those with greater
ankle ROM 8. This relationship emphasizes the need to address ankle ROM when attempting to
improve PA capacity. Additionally, CIPN causes peripheral weakness most often in the wrists,
hands, ankles, toes and ascending proximally if severe 2 °. Therefore, strength training of these
muscles is important to allow success in PA. Balance training (refer to Appendix 5.B) should
also be incorporated into a PA program secondary to its relationship to CIPN in children on
treatment 2 '°. The combination of strength and balance training has been demonstrated to
reduce the risk of falls with adults with diabetic peripheral neuropathy, although this has not yet
been studied in individuals with CIPN "'. The mode and duration of PA should be chosen with
CIPN in mind, as some patients or survivors may not be able to increase their heart rate with
activities that require muscular endurance from the ankles. For example, biking may be better
than jogging or fast walking for aerobic exercise as their ankles may fatigue prior to challenging
the cardiovascular system. Walking shorter distances however, may be beneficial for
strengthening the ankles prior to onset of muscular fatigue (refer to Appendix B for general

pediatric PA guidelines).

Areas of caution in patients and survivors with chemotherapy-

induced peripheral neuropathy

Although the importance of PA is established for pediatric oncology patients and
survivors, one must consider certain areas of caution when exercising with CIPN (refer to Table
5.3). There may be an increased risk of falling and supervision by a caregiver or professional
may be required '°. Fortunately, many patients and survivors have a mild form of CIPN and only
high-level activities such as a contact sport over uneven surfaces would warrant caution.

Depending on the duration of PA, muscular fatigue of the ankle may cause tripping or an
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inefficient gait pattern. Orthotics or athletic ankle bracing may be required depending on the
type of PA chosen. If a person with even mild CIPN has had a history of ankle sprains prior to or
during treatment, it is essential they wear an external ankle support during PA that would
challenge the ankle ' '3. Activities such as walking long distances, walking over uneven
surfaces, running, or sporting activities may require ankle support. Hand weakness from CIPN
may also impede strength training with barbells or other weighted devices, however an exercise
band could be used instead. Throwing and catching or sport specific skills such as setting in
volleyball could be affected when hand weakness is present.

Despite the impairments that may be present due to CIPN, both children on treatment
and post-treatment can be safe and successful participating in a PA program. Medical
professionals should assess CIPN specifically, address functional impairments through
rehabilitation services, recommend appropriate PA supervision, and provide comprehensive

patient education.

Table 5.3. Areas of emphasis and caution in patients and survivors with chemotherapy-induced

peripheral neuropathy.

Emphasize:
v Ankle flexibility
v Strengthening of ankles, toes, wrists, and hands
v Balance training
v" Mode of PA appropriate to raise HR (e.g., biking, swimming, walking with orthotics)
Practice Caution:
v Exercises that require more ankle flexibility than is present (as foot structure may be
compromised)
v’ Strength training requiring hand grip
v" PA over uneven surfaces
v" Advanced balance activities
v Activities that require ankle muscular endurance (as ankles may fatigue prior to challenging

the cardiovascular system)

1) Osteoporosis, Osteopenia (or low bone density)

Children and adolescents whom are currently going through cancer treatment or whom
have completed treatment have multiple risk factors that lead to osteopenia, or decreased bone
density . Measurement in children/adolescents for bone density is different than in adults

because they have not yet reached peak bone mass. The International Society of Clinical
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Densitometry defined osteoporosis in infants to adolescence in 2013 as the following: the

finding of a vertebral compression fracture in absence of disease or high-impact trauma, or a

history of clinically significant fractures in addition to 4
. . Refer to the Bone Mineral Density
15
bone mineral density (BMD) Z-score < -2.0 . The Z- Childhood Study website for more
score refers to a measurement of standard deviation information on normative values
and a Z-score calculator at
(SD) comparing the BMD to age and gender-matched http://www.bmdcspublic.com .

J

normal values '°. Clinically significant fractures are
defined as two or more long bone fractures by age 10 years, or three or more long bone
fractures at any age up to age 19 years. The International Society of Clinical Densitometry does
not recommend using the term osteopenia, but recommends the term “low bone density” for
children without a clinically significant fracture history with a BMD Z-score < -2 S.D.
Chemotherapy with agents such as methotrexate and corticosteroids, anthracycline treatment
causing gonadal dysfunction, as well as cranial radiation are cancer treatments known to cause
low BMD 819 Persons who receive = 9 g/m? of corticosteroids or 240 g/m? of methotrexate
are at higher risk for low BMD as in some patients with leukemia ?°. Cranial radiation >18 gray
(Gy) can also cause growth hormone dysfunction that can lead to low BMD 2'. In addition to
these toxicities, reduced PA during and after treatment is also to blame. Fortunately, much can
be done with PA to decrease this known late effect of cancer treatment. Often, bone density is
not assessed unless there is a history of fracture or pain issues. Therefore, areas of emphasis
and caution need to be considered in any PA prescription. Refer to Table 5.4 and Table 5.5 for

specific recommendations.

Areas of emphasis in patients and survivors with low bone mineral

density

In a child with cancer, weight-bearing exercises are essential both during treatment
and post-treatment to build bone density that is needed into adulthood. Since 60% of
osteoporosis risk is determined by the bone mass in early adulthood %, and much of that bone
mass is formed around age 12 in girls and 14 in boys ?*, a child must not wait until treatment
completion to begin PA. Research in children with and without cancer has demonstrated the
impact of weight-bearing exercises on bone density and the positive impact into adult bone
health %%,

In a population where low bone density is a risk factor, even more emphasis must be put

on the type of weight-bearing exercise required to build bone mass. In healthy children and pre-
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adolescents, jumping from a 61 cm height box over 100 repetitions for at least a 7-month time
period, 3 times per week, increased bone mass %. If the frequency was reduced to 2 times per
week at 75 jumps per session, the benefit to bone strength was not seen . In addition, higher
bone mass is observed in adolescents that play high-impact sports such as basketball,
handball, or gymnastics than athletes that swim or adolescents who do not participate in sports
7 In patients and survivors of pediatric ALL, physical performance was related to bone mineral
density as well 2. Therefore, if it is safe in regards to a person’s other possible deficits of low
blood counts (pancytopenia), balance, weakness, neuropathy, or osteonecrosis, children with
cancer or survivors should engage in high impact exercises at least 3 times per week as
recommended by the U.S. Department of Health and Human Services for all children for bone
strengthening %°. If time or endurance is an issue, emphasis should be put on the frequency of
high impact exercise (>3 times per week), rather than the duration, to maximize benefit to the
bone %°.

In the pediatric oncology population with a risk of low bone density, it is also necessary
to emphasize PA that targets balance training and strength training to reduce risk of falls and
therefore decrease the risk of fracture . Core strengthening and PA such as Yoga or Tai Chi
are good examples. In children whose gait (walking) is affected, such as some patients with
brain tumors or severe peripheral neuropathy, gait training with a physical therapist is needed to
promote safety and confidence as ambulation deficits have been related to lower bone density
'® In general, pediatric cancer patients and survivors need to feel safe and strong in their ability

to challenge themselves with a high impact exercise to build bone.

Areas of caution in patients and survivors with low bone mineral

density

It is a balance between an emphasis on load-bearing exercise and reducing risk of falls
and fracture secondary to low bone density (refer to Table 5.4). Caution should be taken with
participation in contact sports secondary to risk of trauma. However, depending on severity of
low bone density and functional status, this may be allowed as contact sports often provide the

force through a bone that would increase bone strength.
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Table 5.4. Areas of emphasis and caution in patients and survivors with low bone mineral

density.
Emphasize:
v" Weight-bearing exercises
v' Progressive resistance exercise focused on strength development
v Balance training
v Core strength

Practice Caution:

Contact sports
Activities or sport that could increase the risk of a fall

AN

Areas of emphasis in patients and survivors with osteoporosis

Due to the difference in definition of osteoporosis between the pediatric population and
adult population, recommendations may differ as well. Strength and balance training are very
important in patients and survivors with osteoporosis of any age (refer to Table 5.5 and
Appendix 5.B). Depending on the person’s physical status, exercises must be carefully modified
to allow safe training. An exercise program for all survivors of pediatric cancer with osteoporosis
should include flexibility, muscle strength, core stability, cardiovascular training, and gait 30
Core strength and stability should be emphasized to protect the spine in persons with
osteoporosis; trunk extension strength is priority in an adult survivor of pediatric cancer *°. In
pediatrics and adolescents, current recommendations include weight-bearing exercise (possible
high impact) and vibration therapy although the value of this intervention is just now being
investigated %', Consultation with a physical therapist is beneficial to individualize person’s

exercise program dependent on pain and a person’s mobility status.

Areas of caution in patients and survivors with osteoporosis

If the person is an older adult survivor of pediatric cancer, and is known to have
osteoporosis, high impact exercises that cause bouncing or jerky movements such as running
or jumping should be avoided %> **. Exercises or sports that cause spinal flexion and rotation or
twisting, should also be avoided in adult survivors as these increase compression of the spine
and increase the risk of vertebral compression fractures ** *. For example, some yoga or

stretching poses that involve spinal flexion could increase risk of vertebral fractures and are not
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safe in persons with osteoporosis *, and thus a modified protocol should be applied (refer to
Table 5.5). Adults with osteoporosis who have a history of vertebral compression fractures are
at higher risk for future compression fractures *°.

Care must be observed with heavy lifting or lifting overhead *. For the child or

W adolescent survivor of pediatric cancer with

| osteoporosis, caution must also be
observed, however activities prohibited in
adults may be allowed secondary to the
possibility of building bone at this age.
Weight-bearing exercises as tolerated are

recommended '°. For example, in a child

with a history of fracture and low BMD,
running and jumping or sports may be
Balance training at the PEER program allowed if strength and balance is normal.
If a child’s balance or strength is limited,
weight-bearing exercises must be individualized and restricted where balance loss may occur to
ensure safety and reduce fracture risk. Please consult the oncologist, orthopedic surgeon, or
physical therapist to determine what is safe for an individual considering the complicated picture

of multi-system deficits.

Table 5.5. Areas of emphasis and caution in patients and survivors with osteoporosis.

Emphasize:

v Core strength
v Progressive resistance exercises with an emphasis on strength
v Gait steadiness
v/ Balance

Practice Caution:
v Exercises causing spinal flexion, rotation, or side-bending
v Exercises that promote spinal movement and/or induce pain
v High impact activities
v" Unsupported balance activities
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Iii) Osteonecrosis

Osteonecrosis (ON) is a disabling complication in children and adolescents exposed to
corticosteroids during cancer treatment ***. It is defined as the death of a segment of bone.
Approximately 33% of children with ALL or non-Hodgkin lymphoma are affected, with the
highest risk in children older than 10 years of age *"**. Children who have had a hematopoietic
stem cell transplant (HSCT) are also at higher risk **. ON is multi-articular, affects weight-
bearing bones, and occurs most often in hips and knees *’. The condition may be
asymptomatic; however if severe, it can lead to pain, decreased mobility, and deterioration of
the joint requiring joint replacement * 3"-“°_ Little is known about the prognosis of ON, however
in one study in patients with ON of the knee, 21% eventually had a collapsed joint *'. Risk of
joint collapse was associated with older age, lesions that extended to the articular surface at
diagnosis, and pain at presentation *’. ON results in changes to a joint that requires
individualization of a PA program to protect the bone, strengthen the muscles around the joint or
joints, and reduce pain.

Restrictions are made by the orthopedic surgeon, oncologist, or physical therapist, and
depend on the severity of the disease and symptoms of each affected patient. Weight-bearing
may be restricted to reduce pain or to reduce progression of joint deterioration ** *". Restrictions
are specific to each individual and communication is necessary with medical team for proper

exercise prescription.

Areas of emphasis in patients and survivors with osteonecrosis

It is important to emphasize ROM and strength in persons with ON (refer to Table 5.6) 3*

4243 ROM of the involved joint should be completed actively if possible, and passively if pain is
elicited. Other joints may also lose ROM secondary to compensated movement patterns, so
flexibility should be challenged through PA if possible. Strengthening may decrease the stress
through the affected bones by increasing support around a joint. Open chain strengthening,
progressing to strengthening in a weight-bearing pain-free position, is appropriate for a person
with ON 3%,

Aerobic activity is also important in children or adolescents with ON, despite the
complexity of balancing weight-bearing activity that increases bone density and the possible
requirement of decreased weight-bearing secondary to pain from a bone lesion *%. If a painful

joint is an issue, bike riding or aquatic PA may be appropriate. Occasionally, an orthotic device
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may be used to divert stress around an ON lesion in the knee to allow walking for longer periods

of time as well.

Areas of caution in patients and survivors with osteonecrosis

Caution is necessary when considering PA options for a cancer patients and survivors

with ON (refer to Table 5.6), however through collaboration with the oncologist, orthopedic

surgeon, and physical therapist, it is possible to create a
Avoid exercises that increase pain
through an area of known

with minimal risk. Foremost, it is important to avoid osteonecrotic lesion. Pain should
NEVER be ignored!

PA prescription that provides the benefits of exercise

exercise that increases pain through an area of known

osteonecrotic lesion. Pain may be intermittent or inconsistent, however it should not be ignored.
Although the use of crutches may decrease pain through a hip or knee, it may also put
additional stress through a shoulder that could be affected. In general, persons with ON should
think of pain as their guide and keep in frequent follow-up with medical providers for symptom

management.

Table 5.6. Areas of emphasis and caution in patients and survivors with osteonecrosis.

Emphasize:
v Pain-free PA
v" ROM
v Progressive resistance training starting with open-chain and progressing to strengthening in

a weight-bearing, pain-free position

Practice Caution:

PA in the presence of pain
Individual orthopedic weight-bearing precautions
High impact activity

ASRNEN

iv) Cardiotoxicity

Patients and survivors of pediatric cancer are at risk for cardiac dysfunction secondary
to the direct effects chemotherapy or radiation ** *°. Since the combination of strength training
and aerobic conditioning has been demonstrated to be beneficial in adults with congestive
46, 47

heart failure (CHF), both must be emphasized in pediatric cancer patients and survivors

For more details regarding cardiotoxicity, please refer to Chapter 6.

Chapter 5
73




...............................

Areas of emphasis in patients and survivors exposed to cardiotoxic

therapies

It is important to emphasize aerobic and strengthening components of exercise in
patients and survivors exposed to cardiotoxic therapies (refer to Table 5.7). Strength training
should be completed at a frequency recommended for healthy adults or children which is
typically three times per week 2> *® *°_ For general pediatric strength and aerobic PA guidelines,
refer to Appendix D. A person should use a weight they can lift 10 times with ease **“® This
level of training will maximize strength, while reducing breath-holding or valsalva maneuver
that could cause stress to the heart. Persons should use correct strength training techniques,
breathing through the movement, lifting through their full range of motion, and engaging

muscles through the lifting and lowering of the weight **

The Children’s Oncology Group
recommends consulting with a cardiologist if a person had over 300 mg/m? of anthracyclines
and is interested in heavier strength training (refer to Chapter 6 for more information on
cardiotoxicity) *°.

It is generally accepted that aerobic exercise is both safe and necessary in cancer
patients and survivors ** 4% 3"52 Although there is much more to be learned in regards to
aerobic exercise and cardiotoxicity, early research has demonstrated that patients and survivors
with subclinical cardiac dysfunction have a safe physiological response to aerobic exercise *.
Moderate aerobic activity is recommended 60 minutes per day for children and adolescents 2
46.49 (for general pediatric PA guidelines, refer to Appendix B). Prior to the initiation of a regular
exercise program in patients who are at high risk of cardiotoxicity, it is recommended that the
child undergo a full evaluation by their physician or cardiologist. This may include a formal
treadmill stress test **. Heart rate (HR) and blood pressure (BP) should be monitored during
exercise session (e.g., at the beginning of the session, in the middle and at the end), and the
program may need to be modified if an abnormal HR or BP response (e.g., no change in HR
with effort, falling >10 in systolic BP, > 250 mmHg systolic BP, >125 mmHg diastolic BP) is
noted **. Notice that the abnormal response described in this section is from adult literature due

to the lack of published guidelines for pediatric patients >*.
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Areas of caution in patients and survivors exposed to cardiotoxic

therapies

Although exercise is generally safe and beneficial for cancer patients and survivors, one
should understand symptoms of cardiac dysfunction with those at risk. Refer to Table 5.7 for
detailed areas of caution. Additionally, see the textbox below for an overview of symptoms

related to cardiac dysfunction.

( Symptoms Related to Cardiac Dysfunction

Persons with any of these symptoms should consult with
a cardiologist for further recommendations:

v" Shortness of breath v" Swollen ankles/feet

v' Heart palpitations v" Heart racing

v Dizziness v" Chest pain )

Table 5.7. Areas of emphasis and caution for patients and survivors exposed to cardiotoxic

therapies.

Emphasize:

Aerobic exercise monitoring vitals (if history of symptoms)
Progressive resistance training with ability to lift weight at least 10 repetitions (i.e., using a
lighter weight)

AN

Practice Caution:

Strength training with heavy loads

Isometric training

Valsalva maneuver

Exercise with cardiac dysfunction symptoms (refer to above text box)

D NANININ

v) Pulmonary toxicity

Pediatric cancer patients and survivors with a history of radiation, thoracic surgery or
chemotherapy with alkylating agents are at risk for pulmonary toxicity *°. Pulmonary late effects
include pulmonary fibrosis, interstitial pneumonitis, and restrictive lung disease ** *°.

Symptoms may include dyspnea, shortness of breath, chronic cough, wheezing, or exercise
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intolerance °°%. Although these symptoms may be rare, it is important to understand that a

f person with cancer could have both cardiac toxicity and pulmonary

mptoms: . . . .
Symptoms toxicity resulting in decreased exercise tolerance.

v' Dyspnea . . ; ;

v Shortness of Research into the effect of PA in people with and without
breath

v" Chronic cough

v Wheezing > PA tolerance and quality of life °*®'. In general, pulmonary

J

progressive resistance training %, so it (

cancer who have pulmonary diseases has demonstrated benefits in

rehabilitation programs include aerobic conditioning, flexibility and

. If a person demonstrates symptoms of exercise
should be assumed that cancer patients intolerance or pulmonary toxicity, vitals such as

and survivors at risk should participate in heart rate, blood pressure, and oxygen saturation
should be monitored by a trained professional

these important components of PA at (e.g., Certified Exercise Physiologist, physical

. . h i hysician).
current recommended levels, while paying therapist, nurse or physician) )

particular attention to areas of emphasis and caution (refer to Table 5.8). Normal oxygen
saturation is between 95-100%. If saturation is below 92%, or abnormal changes in vital signs
occur, referral back to the primary physician is necessary for further testing. Participants may be
on supplemental oxygen. With clear parameters from a pulmonologist and monitoring of
exertional dyspnea, portable oxygen should not be a reason for a person to avoid participating

in an exercise program.

Table 5.8. Areas of emphasis and caution in patients and surivors with pulmonary toxicity.

Emphasize:
v Aerobic conditioning
v’ Flexibility
v Progressive resistance training
Practice Caution:
v’ Exercise intolerance
v Exertional dyspnea

vi) Hypertension

Children and adolescents with cancer are at risk for hypertension during and post-
treatment. This clinical finding is seen with patients with multiple diagnoses including ALL and

those requiring HSCT %%, Persons with renal toxicity from agents such as ifosfamide,
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t 43

carboplatin, and cisplatin may experience hypertension as a late effect ™, or persons in

treatment with corticosteroids may have
y ( Measurement in children/adolescents for

hypertension acutely secondary to fluid hypertension are different than in adults.

. o L . Pediatric hypertension has been defined as
retention. In addition, pediatric cancer patients systolic BP (SBP) and/or diastolic BP (DBP)

and survivors are at higher risk for metabolic that is at or above the 95th percentile (Refer to
Appendix C).
syndrome, with arterial hypertension as a key J

component ** %,

Areas of emphasis in pediatric cancer patients and survivors with

hypertension

Although there is a paucity of exercise trials investigating blood pressure in pediatric
cancer patients and survivors, much can be learned from the study of adults and children with
hypertension of other etiology. Refer to Table 5.9 for areas of emphases in people with
hypertension. In general, the American College of Sports Medicine recommends persons with
hypertension to complete aerobic exercise almost daily at a moderate intensity or 40-60% of
their oxygen uptake reserve; for at least 30 minutes . For exercise at higher intensity,
exercise stress testing may be recommended if other cardiovascular risk factors are present.
Fortunately, children and adolescents with hypertension without any other cardiovascular risk
factors can engage in PA at high or intense levels without risk of a cardiovascular implication
such as a stroke or myocardial infarction **®'. Aerobic activity should be supplemented by
progressive resistance training as well ®-®®, Strength training is considered safe in this

61,62

population . Itis critical to stress weight loss in a child that has hypertension and obesity, as

research has demonstrated a greater reduction in blood pressure when there is a decrease in

body mass index .

Areas of caution in pediatric cancer patients and survivors with

hypertension

Competitive sports are encourage, however children and adolescents with hypertension

greater than the systolic
Pediatric blood pressure norms are available at:

http://www.nhlbi.nih.gov/guidelines/hypertensigg/chiId_th.pdf; pressure of 99% + 5 mm Hg
additionally, refer to Appendix C ™. should undergo exercise stress
testing "°. Adults with

uncontrolled hypertension and atherosclerotic coronary artery disease have a risk of sudden
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death with high/intense PA. Exercise stress testing is therefore recommended for adult survivors

of pediatric cancer exercising at a high level with hypertension that is not under control ”".

Table 5.9. Areas of emphasis and caution in patients and survivors with hypertension.

Emphasize:

Aerobic training at a moderate intensity
Progressive resistance training
Weight loss if needed

AN

Practice Caution:

v' Competitive sports in patients and survivors with uncontrolled hypertension

v High intensity exercise in adult survivors of childhood cancer with hypertension without
exercise stress testing first

Valsalva maneuver

Power lifting

<]

vii) Pancytopenias: Anemia, Thrombocytopenia, and Leukopenia

Pancytopenia is a disorder consisting of anemia (low hemoglobin), thrombocytopenia
(low platelets) and leukopenia (low white blood cell count) 2. Mild forms of pancytopenia are
common among all children with cancer either as part of their primary disease (as in leukemia)
or as an effect of chemotherapy or radiation’. Severely low blood counts will be seen most

frequently among children undergoing HSCT.

Symptoms should drive PA prescription, not
Symptoms must drive PA prescription!
Keep safety precautions in mind as a

precautions are good to keep in mind as guidelines, guideline, but be prepared to modify to
each patient and/or survivor.

absolute counts, unless critically low. Some safety

but clinical reasoning must play a role, weighing

J

risks versus benefits accordingly. This is especially
relevant in children who have been very ill, or in hospital. PA, particularly during hospital
admissions, plays a role in helping parents overcome fears about the safety of PA during cancer
treatment. This can lead to better choices with respect to future levels of activity/sports
participation. Each cytopenia is extremely common among children with cancer. These types of

cytopenias will be addressed individually.
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Anemia

Anemia can be defined as a reduction in circulating blood hemoglobin below age-related
normative values, impacting a person’s ability to carry oxygen to their tissues "°. Refer to Table
5.10 for normal values among various age groups '*. Typical signs and symptoms of anemia
include:

v Lethargy, weakness, increased need for sleep.
Shortness of breath on exertion
Headache, irritability, poor mental concentration (can impact school performance)
Poor appetite

Pallor

N N NN

Increased resting heart rate (tachycardia)

Areas of emphasis in patients and survivors with anemia

PA recommendations during periods of anemia must take into account a person’s symptoms, or
lack thereof. Table 5.11 highlights the areas of emphasis and caution. Evidence indicates that
there are no adverse effects associated with resistance training or aerobic training during
periods of anemia so long as symptoms are managed and blood transfusions are administered
when symptoms are present "*7°.

Although there is considerable variability in how well children tolerate anemia, most
cancer patients and survivors will require blood transfusions if their hemoglobin drops below 80

g/L for symptom control "°

. While anemic, heart rate at rest and with exertion will be higher due
to decreased efficiency of the blood’s ability to carry oxygen ">"8. Education will help the child
and family adjust their activity expectations if they are undergoing chemotherapy, so that they
understand why they fatigue faster and feel overall less energetic. Adolescents are often more
reliable at self-monitoring their levels of fatigue and sensing when their hemoglobin is lower, but
younger children may require more monitoring. The use of rating perceived exertion scale
(RPE) and HR monitor would be appropriate in this group (see Appendix F for a sample RPE
scale).

Given that chemotherapy-related anemia is usually transient, it is important that PA be
encouraged to avoid long-term deconditioning ’""®. An individually tailored balance of rest and

activity will help prevent a decline in functional strength and endurance " 8.

Chapter 5
79



...............................

Table 5.10. Lower limits of normal blood hemoglobin.

Age (years), Sex Lower Limit of Normal Hemoglobin
(gramslliter (g/L)

0.5-4.9 110
50-7.9 115
8.0-11.9 120
12.0 - 17.9, Female 120
12.0 — 14.9, Male 125
15.0 - 17.9, Male 130

Note. Adapted from Brugnara "

Areas of caution in patients and survivors with anemia

When hemoglobin is known to be low but not below 80g/L, exercise intensity will be
guided by symptoms. Heart rate monitoring may be necessary when re-initiating exercise if a
child has been inactive for some time. It is important that exercise is not initiated or be
terminated in the presence of headaches, dizziness, changes in levels of consciousness and/or

nausea ">'¢,

Table 5.11. Areas of emphasis and caution in patients and survivors with anemia.

Emphasize:

Encourage PA within a tolerable range for the patient
Educate on the effect of anemia on PA
Use RPE scales and heart rate monitors

AN

Practice Caution:

v" Hemoglobin < 80 g/L with symptoms of lightheadedness, dizziness, nausea, generally
unwell or change in level of consciousness. Wait for blood transfusion prior to resuming PA

v" Hemoglobin < 80 g/L, asymptomatic. Do PA with cautious, low-intensity exercise,
monitoring for symptoms

v' If participant has anemia and has been inactive, monitor HR response during session

Thrombocytopenia

Thrombocytopenia is defined by a platelet count below the lower normal limit of 150-400

x 10%1 ™. Generally, the risk of severe spontaneous hemorrhaging is rare unless the platelet
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count is below 10 x 10%/1, except if platelet function is additionally compromised or other
coagulopathies are present °. Typical signs and symptoms are described in the textbox and

Table 5.12 highlights the areas of emphasis and caution "°.

-

Signs and Symptoms of Thrombocytopenia

v"Increased frequency and severity of bruising

v' Signs of microvascular bleeding (spotted bruising), categorized
based on its size

v' Spontaneous bleeding (typically mucosal: oral, nasal, rectal)

v Bleeding out of proportion to tissue trauma

J

Areas of emphasis in patients and survivors with thrombocytopenia

In all cases of low platelets, proper form and technique should be emphasized in order to
avoid injury. Resistance training should be progressive and supervised to maximize safety and
minimize risk of a bleed or unnecessary bruising. If using exercise equipment, use of extra
padding over hard surfaces can be helpful in avoiding painful bruising, such as adding padding

or a pillow to the seat of a stationary bike ">72.

Areas of caution in patients and survivors with thrombocytopenia

Studies caution against high intensity PA (e.g., contact sports), and maximal PA stress
testing if platelets are below 50 x 10%1 7 7 8% However, moderate resistance and aerobic

177" and low-

training is generally safe to continue until platelet count is as low as 20 x 10
intensity PA can often continue with a platelet count as low as 10 x 10%/1 "®”". Most centers will
consider prophylactic platelet transfusions when the count drops below the 10-20 x 10%I range
or even higher, depending on the underlying condition, largely at the discretion of the physician
73 If uncertain, wait until a transfusion or speak with the physician before proceeding with a PA

program.

Table 5.12. Areas of emphasis and caution in patients and survivors with thrombocytopenia.

Emphasize:

v Supervised progressive resistance training
v Minimize the risk of bleeding or unnecessary bruising (e.g., perform supported balance
activities and avoid high impact activities)
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Practice Caution:

Platelets < 50 x 10%/L- Avoid high risk activities (e.g., contact sports);

Platelets 10-20 x 10%L - May require platelet transfusion. Can still exercise at low intensity.
Extra care to avoid tissue trauma

v Platelets < 10 x 10%L- Require transfusion. Higher risk of spontaneous bleeding. Do not
perform PA until transfusion

AN

Leukopenia

Leukopenia refers to a white blood cell count below normal range for age (and is often
referred to as immune system suppression) "*. As white blood cells refer to a group of distinct
but complementary types of immune function cells, the absolute number of white blood cells is
not on its own clinically relevant to PA except as a marker of immune system health, which is
usually low .

For the purposes of identifying those at higher risk of infection, it is more useful to look at
absolute neutrophil count (ANC), as neutrophils are considered the “first responders” of our
immune system and crucial in fighting off infection ®" 2. Neutropenia is considered mild,
moderate or severe when ANC is below 1.5 x 10%L, 1.0 x 10%/L and 0.5 x 10%/L, respectively %.
Neutropenia accompanied by fever is a medical emergency for the child undergoing treatment
for cancer due to a compromised ability to fight infection 8%%. In terms of PA, a fever with
temperature greater than 38 degrees Celsius is usually a contraindication to PA "™ 7”. For

additional areas of emphasis and caution refer to Table 5.13.

Areas of emphasis in patients and survivors with leukopenia

Proper hand hygiene, wiping down PA equipment between uses, and keeping
immunosuppressed children away from others who are feeling unwell are strategies, which aid
in keeping the neutropenic child free of infection > 7’. Some authors recommend avoiding pool
exposure during severe neutropenia 3. If in doubt, consult their oncologist, as neutropenia is not
the only factor involved in risk of infection. For example, the integrity of their skin and mucosal

membranes also plays an important role .
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Areas of caution in patients and survivors with leukopenia

Studies examining the effects of PA during immunosuppresion have shown that PA (both

resistance and aerobic training) is safe to be performed in the absence of fever

/ Safety Precautions when Working with
Immunocompromised Patients:

Focus on individualized sessions
Never attend a session if you are sick

ANRNIN

recommended

v Sterilize all the equipment before and after the
session

v' Use the appropriate safety gear at your local
institution (e.g., masks, gloves and gowns)

v" Keep your nails short

v" Wash your hands before and after the session

Measles and chickenpox immunizations are highly

J

75,77,78

Preliminary data by Chamorro-Vina et
al. % suggest that mild to moderate
aerobic and resistance training during
the neutropenic phase following HSCT
(neutrophil count < 0.5 x 10° L) does
not increase the risk of adverse
events. Also Ladha et al. ¥, in a
sample of ALL survivors, reported no
effect of a single acute PA bout on

white blood cells, monocytes or

eosinophils, indicating no adverse effects on immune response. It is worth noting that moderate

levels of aerobic training are safer for this population as high intensity training has been shown

to cause a decline in immune function in healthy individuals . After prolonged or intensive

exercise bouts, many components of the immune system reflect physiological stress and

immunodepression. This period commonly lasts 3-72 hours, and commonly is known as the

“open window” ®. One should keep in mind that moderate training in a detrained individual

undergoing cancer treatment will be at a much lower intensity than a well-trained individual.

However, because these are preliminary studies, more research is necessary. We cannot

currently generalize the safety to the entire pediatric cancer population therefore common sense

and consultation with all members of the health care team should be required.

Table 5.13. Areas of emphasis and caution in patients and survivors with leukopenia.

Emphasize:

v Low to moderate aerobic training
v Progressive resistance training

Practice Caution:

v" Neutrophil count < 0.5 x 10%/L indicates severe neutropenia. Follow safety precautions
v' Some suggestions to avoid aquatic sports and high intensity exercise

v Avoid exercise if fever >38 degree Celsius

Chapter 5

83




...............................

viii) Bone tumor effects: post-surgical considerations in

osteosarcoma

Osteosarcomas are the most common malignant tumors and derived directly from bone
tissue. Survival rates from osteosarcoma have improved dramatically over the last 30-40 years
with significant advances in surgical and chemotherapeutic options ®'. Please refer to Chapter
9 for more details.

Surgical options vary based on the site(s) involved, but in the lower extremity
amputation or limb-sparing techniques are used to offer the best possible functional
outcomes *'**. Functional outcomes vary by limb sparing procedures as compared to
amputation %°. With regards to PA post-surgery there may be important considerations.
Specifically, 82% of limb salvage patients and 91% of amputation patients will require a
prosthesis or brace. Fifty three percent of limb salvage patients and 83% of amputation
patients will require an assistive device for ambulation. With regards to activities of daily living,
there will be variation, depending on the procedure. During ambulation, a proportion of patients
will limp (89% limb salvage; 78% amputation) and have difficulty climbing stairs (33% limb
salvage; 31% of amputation) and a low proportion of patients will participate in sports (38% limb
salvage; 39% amputation). The majority of these patients will eventually be capable of driving a

vehicle (90% limb salvage; 92% amputation) .

Other forms of cancer affecting bone health

Several types of cancer may infiltrate bone. Some originate from soft-tissue cancers and

may grow into nearby bony structures, as in Ewing’s sarcoma or rhabdomyosarcoma % %.

Metastatic disease can also infiltrate bony structures and cause pathological fractures 5% .
Metastatic disease in a bone that has not fractured can be considered much like a primary
tumor mass in that it will weaken that bone, placing it at high risk of fracture. By following the
same guidelines for osteoporotic patients as outlined in the Osteopenia and Osteoporosis
sections, one can tailor safe PA prescription for that individual, depending on the site of bone
involvement. This is important in maintaining quality of life and functional independence among

palliative patients as well.
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Areas of emphasis in patients and survivors of osteosarcoma or other

bone malignancy

Table 5.14 highlights areas of emphasis in this population. However, it is important to
note that surgery to remove a malignant mass is more extensive than a surgery to re-surface
joints. Soft tissues that have been infiltrated by the tumor will be removed and surrounding
blood vessels and nerves may be damaged. The amount of bone removed in osteosarcoma is
related to the size of the tumor mass. The hardware used varies on the location of the tumor.
These can involve 3% 919
v'a metal rod and nail replacing as much as half of the resected femur or tibia; or
v the entire femur being replaced, requiring an adjacent knee replacement with a

component nailed into the tibia;
v/ amputation; or
v’ rotationplasty, a procedure where the femur is removed and the lower leg is surgically

attached to the hip, which turns a person’s foot functionally into their knee .

The involved bones are skeletally immature therefore some components are built with
the ability to be expanded to accommodate for growth. If growth is properly accommodated for,
issues of leg length discrepancy and associated pelvic asymmetry can be avoided. Otherwise,
one can expect this asymmetry to cause eventual back pain and associated scoliosis %. A leg
length discrepancy of 2 centimeters or less typically has no functional impact ¥’. A surgery to
remove an osteosarcoma may involve as much as 2 years of physical and/or occupational
therapy.

It is important to protect the joints and operated limb while bones and muscles heal due
to delayed healing and increased risk of infection because of chemotherapy °" %. Immobilization
and limited weight bearing post-operatively play a significant role in the development of disuse
atrophy . Familiarity of a person’s surgery and post-operative precautions will assist in setting
realistic goals and expectations. As an example, patients and survivors who have had their
vastus medialis head of the quadriceps muscle resected as part of tumor removal may appear
“stiff-kneed” compared to the other side ®°. This is due to a decreased ability to control the knee
during initial heel-strike. It may not be possible for such a patient or survivor to achieve perfect
gait symmetry %. Conversely, a patient or survivor who had both vastus lateralis and
intermedius but retained vastus medialis tend to have greater motor control at the knee,

highlighting the importance of vastus medialis in load absorption ®. The orthopedic surgeon is
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the best source for identifying what has been removed and what limitations or features are
inherent within the prosthetic reconstruction ®. Consultation with the physical therapist or
occupational therapist will also be beneficial to determine mobility safety. For a detailed

overview of different surgical procedures, the reader is encouraged to read .

Table 5.14. Areas of emphasis in patients and survivors with osteosarcoma.

Emphasize:

Improving range of motion within surgical limitations, followed by:

Progressive resistance training in functional patterns

Gradual weaning-off of ambulatory aids to encourage muscle use of the lower extremities
Full body symmetry during gait (Note: asymmetry can hint at range or strength
impairments)

Balance and coordination training

Progressive return to sport or work with physician clearance

D NANININ

AN

Areas of caution in patients and survivors of osteosarcoma or other

bone malignancy

Table 5.15 summarizes common safety precautions that are prescribed by the
orthopedic surgeon — note that this may vary considerably. These precautions are surgeon-lead
and should be reviewed when developing a therapy plan as well as determining activity and
sports restrictions %% %°.

Though seen less frequently, osteosarcoma within the humerus presents unique
challenges given the complexity of the shoulder girdle. For a detailed overview of precautions,
expected outcomes, areas of emphasis during early and late rehabilitation categorized by tumor
and surgical approach (proximal humerus, total humerus, elbow replacement), the reader is
encouraged to review Punzalan and Hyden’s article *. Additionally, it is thought that patients
and survivors with a prior history of osteosarcoma should be aware that they are predisposed to
lower BMD and, consequently, at higher risk of fracture throughout their bodies %. At a mean
follow-up of 16 years after therapies in patients and survivors who were disease-free, 20.8%
were considered osteoporotic and 43.7% were considered to have low bone density when
compared to age-matched normative data %. It may be worthwhile for a person with previous
history of osteosarcoma who wishes to take on a new sport or high-risk activity to request from
their physician a BMD scan to determine their fracture risk. For other PA recommendations and

precautions refer to osteopenia and osteoporosis within this chapter.

Chapter 5
86




‘aAoQe
aauy pue diy Joj paquosap
se Buioeiq aaiioddng

‘uoneoolsip jsulebe 109910.d
0] sisayjsoid punose BuLeos
10} MOJ|[e 0} SYjuOW Mad} IS}
ul JuswaAow diy pazijesausb
pajoLysal usyQ "uonedioned
spuods paywi Alop

‘sisayiso.d

wouy Buiyoelep

wioJ} Sajosnw Jojonpge
pioAe 03 Ajaanjelado
-1sod syuow 1oy
uononpge diy aAljoe ou
Ul ‘suonnesaid asuy
pue diy |ejo} paulquo)

's9[osnw
Jojonpge

)}eam 0} anp

aplis pejelado
spJemo) sAkemapis
yoan| |equnuy
aABY 0} UOWIWOD
‘we)-buo|

ueb [euonouny

uo19NIISU0IaY
inwsa4 elol

ybiem Apoq uoddns

0} ybnoua bBuouis sdeoupenb
[nun Buioelq aaloddng
"'S9SBO aWos ul AjpAnelado
-1sod Ales Adessyy (INDD)
uoljow aAIssed snonuiuo)

‘panowal atsam sdaolpenb
9y} JO sal[|eq sl|eJaje| pue
snipawdul JI UBAS ‘paleds
2|oShw Ssijelpaw SniseA

JI @duewopuad jieb Jepeg
‘suods 10eju09 pue ob-pue
-dojs ui ejedionied o) s|ge
10U AjPYjI| ‘@auy ay) 1e poddns
snojuawebi| Jo 3oe| 0} anQg

‘uonalosIp
s,uoablns je suole)w||
suods pue uoixa|j aauy

:suonolysal Aisejdoayue

93y |ej0] pajiwiT

‘papasu
se Joddns

aauy asn "AlAnoe
sHods pajiwi| 0}
uinjeJ swos ‘ueb
[BuoljouUN) POO9)

Inwsa4 [e1sig

‘pPaAoWal S8josnW Jojonpge

"UoI}e0|SIp
PIOAB 0} BUl|pIW SSOJo.
uonoNppE pue uonejol

‘uone|noiJesip
diy 40 uoneindwe

‘poquosald aq Aew sisoypo | i uonedioiued spods pajwi [BuJBIX® JO |eutslul aauy anoge
100} pue apjue ‘@auy ‘diy uayy | -Buipuels Jo Bunus ul sba| ay) JO sawalxa ‘soalbap uey) Buniwiy
‘pasn si yeibojje ue Ji Jo Jowny BuISSOIO PIOAY "SUOIJOL}Sal 06 sed uoixay} diy jo Ajleuonouny
UjIM pajoasal aJe siojonpge uoixay4 diy /buipuaq psemioy 9oueploAe :suoinedaud SS9| 9q 0} Spus)
diy J| ‘8oeuq uononpge diH 0} anp Buissaip sannoiqg Juswaoe(dal diy |ejo| ‘neb jlewuoN Jnwe+ [ewixold
Sawo2In0 a8inpadoid
suollepuswwoday 2110Yylo 10edw| reuonoun4 suollnedald paloadx3 /31S Jown]

‘Alwalixa Jamo| ay} Jo Aiabins Buleds-quui Jaye uonneo Jo sealy "'ST'G a|gel

87



101-66 ‘v6 ‘6 ‘06-68

woJj pajidwo? ‘810N

‘uepisAyd Asewnd ay) ynsuod ‘urepaoun j swesboud Ajunwiwod o} uo Bulusjal yi Ajjeoadss
‘Alessadau sI swea) ABojoouo pue |ealbins Yyim uoiediunwiwod Jud|@oxg "uolssaiddnsounuwiwi 0} anp Jaybiy si
uonoajul Jo Xsi 8y “Bulleay suoq Jo} sy9am g-g |ensn ay} Jou :saidesay) Jooued Agq pamols aq |im Bulleay suog

e
10} suoneIapIsSu0)

‘pajelado eale uo spuadeq

'saljiAloe jJoeduwl

-ybiy paywi "Ajg)e|dwod
[eay 0} suoq pajeipe.l
10} siedA ¢-z oye) ue)

‘Buieaq
1ybBlam aaissalbold yum
Bulieaq jybiom pajosjoid

ueb [euonouny

uoleue|dw|
-9 pue uolelpe.l)
[ealodiooeiixg

‘sIsay}sold ojul ssaulpeal
Jo} adeys /Buljjams [0JJU00
0} Bunjools uoissaldwod

w9y buo)
ayj ul suods pue saljiAloe

‘Bulieaq 1ybiom
aAIssalbold “bBuljesy
auoq Jo pouad Buunp

Buiuren
onjayisoud Jaye
uJnjal jeuonouny

-¢ Aisejduoireloy

apeib-moj Jo asn |eniu| 0] uinjal 0} 8|qe uayQ | Buueaq jybiam payosiold IVETEReE SSaN UeA
buipeo|
‘aoelq Aue anIssalbold yym pods oy syuow do-jsod
JO spua ay} je Bunesuadouod | uinjal snoned “INway Jo 8zIs | 6 punole Buueaq jybiam sieak g 1s11) ay)
ybram s quil ayy Jo | 03 saiydosadAy ejinquy alojeq [In} pue do-}sod syjuow ul suoneoljdwod
anbloj Jnoge snonneod aq jshw | sieaA ¢-z Aluowwo) "Aydone | gz Aj@jewixosdde Buueaq | ou Ji uonedionied uol2asay

‘alnjoenuoo sbulswey ploae
01 uondnusip sdaolpenb 0}
anp Jaz|jIqowwil 83uy Jo asn

ajosnwi Jueoliubis 0] speg)
Buleaq jybiom Jo uoissalboid
MO|S pue pabuojoid

1yBram [eiued o) ssaiboud
abelane uo ‘Ajpanelado
-1sod Bulieaq ybiem uoN

sliods 0}
uinjal poob ‘leb
|euonouny poos

00T
lowny Jnwa4

Heys-pin 1auv
1yesboiny Jeingiq

‘J1e6 ul uoisua)xa dauy uleysns
0} 9|ge sdaoupenb jyun juids
uolezijigowwl 8auy Jo asn

aseyd

aouejls Bulnp uoisuaxaladAy
aauy Jo wisped

B pue suoljoasal JNwaj |eisip
uey) yeb Jamo|s aney 0} pua |
‘uolnezijigoww Jo pouad Buoj
uaAIb uoneljigeyas Ayibua

Bunieaq jybiom pajosjoud
UM sieam ¢-9
10} uonezijigowwi asuyj

"a0el(q

2ouy aAlloddns
ym Alqessyalid
‘Anipoe

spods pajiwi| 0}
uinjal swos ‘yeb
[BuoljoUN) POOS)

o1 BIDIL [eWIXoid

88



-------------------------------

IX) Sensory impairments
Refer to Table 5.16 for areas of emphasis and caution if a patient or survivor is

experiencing sensory impairments.
Skin sensation

Invasive surgeries carry a risk of damaging cutaneous nerves, resulting in altered,
decreased, or absent sensation at or near the surgical site. In 2000, Spicer and colleagues '
found sensory deficits in the anterior surface of the knee in 50% of patients undergoing anterior
crucial ligament (ACL) reconstruction. Surgeons make an active effort to identify and protect
sensory cutaneous nerves, given that painful neuromas can arise from surgical nerve injury .
Unfortunately, the aggressive nature of osteosarcoma may make it difficult to avoid all
cutaneous nerves. Though anecdotally a rare occurrence, it is still worthwhile assessing a
patient’s sensation. Depending on the extent of nerve injury, this may include deficits in *:

v sensation of hot/cold (a potential risk for burns if inattentive, e.g., in the use of a hot pack
during rehabilitation);

v discrimination of deep, light, or pinprick sensation;

v joint proprioception, which may appear as incoordination or clumsiness; and

v sensation of different forms of pain.

Nerve injury may also lead to sensation of pain from an otherwise non-painful stimulus.
Pain then inhibits muscle activation and may prevent functional use of the affected limb.
Sensation plays a role in joint and limb protection in healthy populations. As an osteosarcoma
patient or survivor may be unable to feel what their body is doing, early re-introduction into PA

and sports should be supervised closely to identify faulty movement patterns.

Ototoxicity

Ototoxicity refers to damage to the cells within the inner ear responsible for hearing and
balance and is a moderately common side effect of cisplatin chemotherapy in osteosarcoma .
It typically affects hearing loss in the high frequency ranges and, rarely, within ranges related to
speech among osteosarcoma patients and survivors '®°. Hearing loss rarely occurs at doses
less than 260mg/m? and typically presents bilaterally '®*. Some authors suggest screening only
those who receive greater than 400mg/m? '°. Unfortunately doses this high are necessary for
other forms of cancer. In a study examining the impact of cisplatin chemotherapy on ototoxicity
in medulloblastoma patients, where the median dose was 412.5 mg/m? (with a range of 200-

600), 25.9% of their 35 study participants required hearing support ' It is worthwhile being
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aware of the potential for hearing impairment among persons undergoing treatment for cancer
as this may affect safety.

In animal models, ototoxicity affecting hearing occurs long before damage can be
perceived in the vestibular system, suggesting that much higher doses of cisplatin among
children with cancer may lead to balance issues '%. Vestibular impairment, although not studied
yet, could theoretically be related to ototoxicity in children with osteosarcoma. This situation
would necessitate increased reliance on visual and somatosensory input for balance '*. This
would put them at higher risk for falls in low-light situations and/or uneven terrain as their
vestibulo-spinal reflexes would be dampened . Referral to a vestibular rehabilitation specialist
is warranted in this case for training of compensatory strategies. When prescribing PA, ensure

balance issues are taken into account to avoid risk of falls.

Table 5.16. Areas of emphasis and caution in patients and survivors with sensory impairments.

Emphasize:

v' Education regarding risks of impaired sensory input; teach frequent skin checks particularly
in hard-to-see areas

Stress importance of proper alignment of joints during PA

Progressive balance training for increased use of unimpaired sensory systems

AN

Practice Caution:

v Careful when applying hot or cold to a limb with impaired sensation due to risk of burn/
frostbite

v Monitor skin and/or surgical scar condition in first year after surgical resection of tumors, as
impaired sensation can make it difficult to feel if skin or scar tissue is breaking down or
getting infected

v If unable to learn proper alignment through activity, consider bracing for additional support
and prevention of injury

v" When training over uneven terrain during return to sport, gradual progressive drills are
important to avoid faulty movements

x) Graft-versus-host disease

Graft-versus-host disease (GVHD) can be acute or chronic (refer to Chapter 8).
Chronic graft-versus-host disease (cGVHD) is a frequent cause of morbidity and subsequent
mortality following allogeneic HSCT. Its pathophysiology is characterized by impaired immune
tolerance mechanisms, which can cause chronic inflammation and subsequent scar formation

"% ¢GVHD usually begins between three months to two years after transplantation. Generally
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the clinical manifestations of cGVHD do not differ significantly between children and adults ">
113

Table 5.17. Common organs affected by chronic graft versus host disease.

_ Can evolve from a rash to deep sclerotic changes that constricts
Skin much like a severe burn might

Changes in tear duct function with associated dryness and/or
Eyes conjunctivitis

Ulcerations, gingivitis, destruction of salivary glands
Oral mucosa

_ Liver damage may lead to stasis, cirrhosis
Liver

_ _ Nausea and vomiting, chronic diarrhea, malabsorption
Gastrointestinal tract

Ulceration or fissuring, often accompany changes in oral mucosa

Genitals
Progressive, irreversible obstructive and/or fibrotic changes and
Lung increased risk of severe infections
. _ Fasciitis, potentially limiting mobility in large joints. Rheumatoid
Joints and fa.SC|ae symptoms in the joints

Note. Compiled from 10,111,113, 114

It is worth noting that cGVHD often impacts a few, and not all, of the organ systems
listed above. The severity among impacted systems may also vary. The prevention of cGVHD is
primarily controlled through the use of steroids "*°.

Areas of emphasis in patients with chronic graft versus host disease

As with other forms of disease requiring sustained doses of steroids, patients may

experience multiple side effects '

, and this it is important to recognize these when tailoring a
PA program for children with cGVHD. Table 5.18 provides PA recommendations for this
population based on associated complications. Unfortunately, there is a paucity of literature
looking at PA interventions in this population, and more research is needed in this specialty
area. A recent animal study looking at mice given allogeneic HSCT showed favourable

outcomes after an 11-week moderate-intensity treadmill program '*°.
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Table 5.18. Physical activity recommendations based on cronic graft versus host disease

impact.

Organ system

Recommendation

Skin and fasciitis: scarring over joints and
deep into tissues

Conservative approach of stretching program
shown to be superior to surgical interventions;
refer to rehabilitation specialists when
available.

Changes to nerve and muscle physiology:
proximal musculature steroid-induced
myopathy extremely common

Emphasize use of shoulder and hip muscle
groups as part of strengthening program;
develop endurance.

Joint pains associated with rheumatic changes

Emphasize strengthening muscles around
painful joints to improve joint protection.

Fibrotic lung changes leading to impairments
to gas exchange; oxygen dependence; steroid
myopathy severe enough to impact muscles of
respiration

Teach rate of perceived exertion (refer to
Appendix F); maintain normal breathing as
able; may need to teach relaxation/ breathing
exercises as breathlessness can be very
anxiety-provoking, may lead to panic attacks.
Consult respirologist.

Osteoporosis

Strengthening of surrounding musculature.
See osteoporosis in this chapter.

Pancytopenia

Refer to pancytopenia in this chapter.

Note. Compiled from 1o-115,

Children with cGVHD must have a slow, gradual re-introduction into PA. Often these

children have been ill for long periods of time and their parents have a great deal of fear about
“pushing too hard”. Early sessions with a child with cGVHD should focus on low-intensity activity
that is meaningful and rewarding. This will help gradually alleviate the fear of activity in both the

child and the parent.

Areas of caution in patients with chronic graft versus host disease

The list of precautions for children with cGVHD depends on which systems are affected
by the condition. Generally most systems will not directly pose a danger to the child in terms of
PA, but rather may limit their ability to participate, such as in the case of skin or fascial
contractures or scarring that limit range of motion ''°. However, certain organ involvement
requires extra caution, as detailed below:

v" Bone — osteoporosis and/or osteonecrosis. Refer to Osteoporosis and Osteonecrosis

sections.
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v" Lungs — particularly significant if oxygen exchange is impaired, some children will require
continuous supplemental oxygen supply. The presence of portable oxygen tanks does
not mean they cannot participate in PA. Refer to Pulmonary Toxicity section for details
on safety for this population. Though not a treatment related toxicity per se, the changes
that can occur as a result of cGVHD can closely resemble other etiologies of lung tissue
damage ""°.

Because of the complex nature of this condition, experts in this area recommend that
patients with cGVHD seek services from a specialized center familiar with graft-versus-host

disease after bone marrow transplantation '"°.

Conclusion

Patients and survivors of pediatric cancer are at risk for multiple side effects during
treatment and for years into adulthood. Although it is critical to understand the complexities of
cancer treatment and the resulting side effects, it is important to note that children currently in
treatment and patients and survivors of pediatric cancer are able to engage in PA safely with
minimal risks. In most cases, the advantages of PA outweigh the risks. In order to plan a safe
PA program for children with cancer, we encourage that the general and specific PA
recommendations described in this chapter are followed. For all risk factors and side effects of
cancer treatment, it is crucial to assess symptoms of PA tolerance pre, during and post
exercise. Supervision is recommended when starting a PA program, during intense cancer
treatment periods, and when making any significant program changes. If symptoms are
present, refer back to the oncologist or primary physician for further testing. Finally, it is
essential to individualize the PA program for the interests and age of the person to optimize

long-term compliance that will promote a healthy adulthood.
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Kinley, 6 years old

/ Take Home Message

It is generally safe and beneficial for patients and survivors of pediatric
cancer to perform physical activity, being aware of a few precautions
depending on the treatment regimen and side effects. Awareness of the
areas of emphasis and caution for physical activity regarding the side
effects of cancer treatment will assist medical professionals in optimizing a

person’s success in a physical activity program.

/
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Appendix 5.A

Ankle Stretches for Patients and Survivors of Pediatric Cancer with or at

Risk for Chemotherapy-Induced Peripheral Neuropathy

Target Picture Variations Equipment Instructions
_ population
Exercise
Children below Supine, Prone, | None With child’s
Caregiver- | age 7 years or Seated knee extended,
Assisted | ynable to do stretch ankle
Gastrocne | independent back into
mius- stretch dorsiflexion
Soleus (toes towards
Stretch knee) avoiding
any twist or
collapse of
arch. Hold 30
seconds.
Persons older Flexed knee to | Wall or Standing facing
Gastrocne | than age 7 with or target soleus counter wall. Step one
mius- without arches in muscle leg forward.
Soleus standing Face toe toward
Wall wall. Lean
Stretch forward with
both heels on
ground
maintaining
arch in foot.
Should feel
stretch through
calf and back of
knee. Hold 30
sec.
Persons older Both legs, or Stair with Stand with balls
Gastrocne | than age 7 with onelegata railing of feet on edge
mius- arch in standing time of stair holding
Soleus onto the railing.
Stair Drop heels
Stretch down below the
step and hold
for 30 sec.
Should feel
through calf and
back of knee.
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Appendix 5.B

Balance Exercises for Children, Adolescents, and Adults With or at Risk for

Chemotherapy-Induced Peripheral Neuropathy

Difficulty Exercise Picture Age Variations Equipment | Instructions
Standing No picture. 22 Adding arm Bosu, couch | Stand on
Easy to with feet years challenges; cushion, or unsteady
Moderate | together Add air mattress | surface while
unsteady doing another
surfaces activity with
arms
Walking on 22 Heel Tape line or | Walk forward
Easy to aline years touching toe; | balance on a line with
Moderate Backward; beam stepping off.
Stepping Increase
over difficulty by
obstacle; variations.
Hands on
hips
Single leg >3 Increase Support Stand on one
Moderate | stance years difficulty with | surface leg for as
to Difficult hands on (doorway, long as
hips; Add chair, possible and
arm counter) add
challenges additional
or head challenge if
movements; able >10
Add seconds if
unsteady older than 5
surface for years
higher level
skill
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Chapter 6

Physical Activity and Cardiotoxic Therapies

Saro Armenian, DO, MPH

/ Learning Objectives: \

After completing this chapter you will know:

¢ ...the magnitude of risk associated with treatment-related congestive heart failure in
survivors of childhood cancer.

o ...the pathophysiology of cardiac injury as well as clinical and treatment-related
modifiers of congestive heart failure risk.

o ...the current state of knowledge regarding the risk and benefits associated with

\ physical activity in survivors exposed to cardiotoxic therapies.

J

Introduction

The National Cancer Institute defines cardiotoxicity in general terms as “toxicity that
affects the heart” (www.cancer.gov/dictionary/). However, the mechanism with which certain
cancer-directed treatments cause cardiac injury can be quite complex, often manifesting as
clinically evident cardiovascular disease years after completion of therapy. Cardiotoxicity is one
of the most serious chronic complications of pediatric cancer therapy and may manifest as
cardiomyopathy, pericarditis, congestive heart failure, valvular heart disease or premature
coronary artery disease .

During the past two decades, research on cancer survivorship issues has revealed that
chemotherapy induced-cardiovascular complications (such as coronary artery disease, stroke,
and especially congestive heart failure (CHF)) have emerged as a leading cause of morbidity
and mortality in long-term survivors of childhood cancer 2. In fact, childhood cancer survivors are
at a 15-fold increased risk of developing CHF * and are at 7-fold higher risk of premature death
due to cardiac causes *, when compared with the general population. Treatments used in adult

and pediatric oncology populations that have been associated with cardiotoxicity include *°:
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i) Chemotherapeutic agents that include but are not limited to anthracycline,

cyclophosphamide, cytarabine, cisplatin and isofosfamide; and

i) Radiotherapy where the heart is in the field of treatment.

1) Chemotherapeutic Agents

These are associated with the development of acute or chronic cardiovascular adverse
effects that could impact quality of life (QOL) of children with cancer and limit future treatment
options. Anthracycline antibiotics are the
best known class of chemotherapeutic ﬁ
drugs associated with cardiotoxicity.
These agents, especially doxorubicin,
have long been a key component of
therapy for hematological and solid
tumors in children and are still use in

nearly 60 % of childhood cancer.

Anthracycline—induced cardiotoxicity can
manifest as either asymptomatic or PEER participant working balance

clinical as a CHF. There is a strong dose-

dependent relation between anthracycline chemotherapy exposure and CHF risk. The incidence
of CHF is <5% with cumulative anthracyclines exposure of <250 mg/m?; approaches 10% at
doses between 250 and 600 mg/m?; and exceeds 30% for doses >600 mg/m? 2°"8. This risk is
higher in females, among those who are treated at a younger age (<5 years of age), are
exposed to chest radiation, and who develop cardiovascular risk factors such as hypertension
and diabetes after completion of therapy (Table 6.1) 2. The most frequently used analogs of
anthracyclines include doxorubicin and daunomycin (see Appendix A for a list of common

medications and Appendix 6.A to see anthracycline conversion formulas) 2.

1) Radiotherapy

Radiotherapy where the heart is in the field of treatment can result in a number of long-
term complications including constrictive pericarditis, cardiomyopathy, valvular heart disease,
coronary artery disease, and conduction abnormalities . Exposure to mediastinal radiation is
associated with valvular fibrosis or insufficiency in 40% to 60% of Hodgkin lymphoma survivors,

whereas conduction defects are present in as many as 75%. Although clinically evident CHF is

Chapter 6
106



XPOEM

rare following mediastinal radiation alone, when present it is primarily in the form of diastolic

dysfunction, as opposed to systolic disease seen following

anthracycline exposure.

These survivors have emerged as a significant

population at high risk for preventable heart disease . In

childhood cancer survivors, there is often a long (>10 years)

latency between cardiotoxic exposure and clinically evident

fThose children exposed to
doses >250 mg/m? of
anthracycline are at the
highest risk to develop
cardiotoxicity.

J

cardiac disease 2°. In fact, it is well recognized that there is a variable period of asymptomatic

cardiac dysfunction that precedes clinically overt signs and symptoms (Table 6.1) °. For

anthracycline-exposed survivors, the asymptomatic stage is characterized by left ventricular

(LV) systolic dysfunction which manifests as decreased ejection fraction (EF; lower limit of

normal: 50%) or shortening fraction (SF; lower limit of normal: 27%), a clinical picture similar

to dilated cardiomyopathy #°. Individuals who receive anthracyclines and chest radiation may

have a combination of dilated and restrictive cardiomyopathy that results from myocardial

fibrosis and due to ionizing radiation °.

Table 6.1. Clinical signs and symptoms and risk factors associated with CHF.

Signs and Symptoms

Therapeutic Exposures
Associated with Increased
Risk

Clinical Risk Factors

Signs:
v' Edema
v Rales
Symptoms:
v" Dyspnea
v Fatigue

Anthracycline chemotherapy

Dose-dependent increase in
risk (lifetime cumulative
incidence, %)

v’ <250 mg/m2 (5%)
v’ 250-600 mg/m? (10%)
v' >600 mg/m? (>30%)

Chest radiation exposure in
which the heart is in the field
of treatment

Younger age at treatment (<5
years old)

Female sex

Cardiovascular risk factors
(hypertension, diabetes)

Note. The definition for symptomatic CHF is taken from ° Risk classifications are taken from 2"'°. Refer
to Appendix 6.A to see anthracycline conversion factors.

Recognizing the importance of screening for and early detection of asymptomatic

disease, the Children’s Oncology Group as well as other international organizations have
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developed clinical practice guidelines that recommend annual comprehensive history and

physical examinations be performed on all survivors treated with cardiotoxic therapies, paying

close attention to signs and symptoms of cardiac disease '"*. In addition, screening

echocardiograms should be performed, ranging from annually to every 5 years, depending on

CHF risk (Table 6.2).

Table 6.2. Children’s Oncology Group’s recommended frequency of echocardiogram or MUGA

scan for childhood cancer survivors.

Age at Treatment! | Chest Radiation | Anthracycline Dose '

Recommended Frequency

<1 year old Yes Any Every year
No <200 mg/m® Every 2 years

2200 mg/m® Every year

1-4 years old Yes Any Every year
No <100 mg/m® Every 5 years

>100-<300 mg/m”

Every 2 years

>300 mg/m” Every year

25 years old Yes <300 mg/m” Every 2 years
>300 mg/m” Every year

No <200 mg/m® Every 5 years

>200-<300 mg/m”

Every 2 years

>300 mg/m”

Every year

Any age with decrease in serial function

Every year

Note. Taken from ''. TAge at time of first cardiotoxic therapy. "'Based on equivalent mg of

doxorubicin/daunomycin.

However, given that a substantial proportion (up to 50%) of childhood cancer survivors

treated with cardiotoxic therapies could have asymptomatic
disease, clinicians are hesitant to make recommendations
regarding limitations of PA, due in part to concerns for
worsening cardiac function that may result from increased

cardiometabolic demand on the heart.
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Physical Activity after Cardiotoxic Therapy Exposure

Patients with normal cardiac function at risk of cardiotoxicity

There is considerable evidence supporting the advantages derived from regular
moderate PA in the general population'®. The current joint guidelines for healthy adults from
the American Heart Association (AHA) and the American College of Sports Medicine for adults
(ACSM) recommend 30 to 40 minutes of aerobic exercise five times per week and strength
training twice per week *°. Studies in limited numbers of childhood cancer survivors have found
that despite having lower exercise capacity, evidenced by lower peak myocardial oxygen

718 ‘survivors can attain significant improvements in muscle strength and flexibility,

consumption
cardiopulmonary fitness, and overall physical function when engaged in aerobic PA . While
specific recommendations regarding PA in childhood cancer exposed to cardiotoxic therapies
exist, most are consensus based or centers own experience "'"?°. Given the well-documented
benefits of PA in the general population as well as in non-oncology populations at risk for CHF
due to genetic disorders, regular PA is recommended for survivors treated with anthracyclines
and/or chest radiation who have normal LV systolic function "9%'23,

The Children Oncology Group- Long Term Follow up Guidelines (COG-LTFG) has
offered a few recommendations and contraindications for children undergoing cardiotoxic

therapies (refer to Table 6.3 and Table 6.4).

Table 6.3. Children Oncology Group- Long Term Follow up Guideline: Physical activity

recommendation for children undergoing cardiotoxic treatments.

Recommendations

v Patients beginning an exercise regimen for the first time should be encouraged to
promptly report to their physicians symptoms of tiredness or difficulty in breathing that do

not resolve with rest.
v Aerobic exercise is generally safe and should be encouraged.

v" High repetition weight lifting involving lighter weights is more likely to be safe. The

numbers of repetitions should be limited to that which the survivor can perform with ease.
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Table 6.4. Physical activity contraindications for children undergoing cardiotoxic treatments.

Contraindications

v Intensive isometric exercise such as weight lifting, wrestling should be avoid in those

patients defined in table 6.2 (as those who need screening every one or two years).

v' Patients and survivors who choose to engage in strenuous or varsity team sports should

discuss appropriate guidelines and a plan for ongoing monitoring with cardiologist.

With regards to limitations in the intensity of PA, the AHA ?* and the European Society of
Cardiology (ESC) ?® provide no restrictions in activity for individuals who are at risk for cardiac
decompensation due to genetic disorders (i.e., familial dilated cardiomyopathy, hypertrophic

cardiomyopathy) but have normal cardiac function (abnormal genotype, normal phenotype).

Patients with asymptomatic cardiac disease

No specific guidelines for children with cancer and asymptomatic cardiac disease exist.
However, the approach to managing heart failure in children with heart disease caused by
chemotherapy or radiation doses not differ substantially from managing heart failure caused by
idiopathic, genetic or other acquire causes of cardiomyopathy 2. Cardiology consultation is
recommended for survivors with asymptomatic cardiomyopathy to define limits and precautions
for PA (i.e., limited or no participation in competitive sports with high cardiometabolic demand

such as body building, rock climbing, windsurfing, ice hockey) 2 For individuals with

asymptomatic cardiac dysfunction, there are specific Fl'hese resources will help

recommendations regarding allowable activities (high, physicians determine which
type of PA will be suitable or

moderate, low-intensity) that are based on severity of existing not for each patient:

cardiac dysfunction ?2. Due to anecdotal reports of cardiac .
y P v' Williams et al., 2007 [21]

deterioration in childhood cancer survivors during intensive v Maron et al., 2004 [22]
v Pellicia et al., 2006 [23]

isometric exercise, cardiology consultation may be reasonable

for high risk survivors who plan to be engaged in such high
intensity PA, as defined by the AHA and ESC #*?°, It is important to note that existing
recommendations for PA in childhood cancer survivors remain consensus-based, and that more

studies are needed.
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Future Directions
Studies are needed to prospectively evaluate the safety and efficacy of interventions to
improve physical fitness, as well as to define optimal levels of PA to maintain benefit in
childhood cancer survivor at risk for premature cardiovascular disease. Outcomes of interest
should include improvement in cardiac function, reversal of pathologic cardiac remodeling,
improvement in health-related QOL, and other self-reported outcomes such as fatigue and

vitality.

/ Take Home Message

Cardiovascular complications such as congestive heart failure
have emerged as a serious side effect of cancer-directed therapies
used in children with malignancies. These survivors and their
healthcare providers should be made aware of their long-term
cardiovascular disease risk, and the importance of engaging in regular

aerobic physical activity to improve overall fitness and long-term well-

being. /
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Appendix 6.A

Anthracycline Conversion Factors

The risk of developing cardiotoxicity by anthracycline is usually described by
the cumulative doses of doxorubicin. There is a paucity of literature to support isotoxic dose
conversion; however, the following conversion charts can be used as a guideline to assess
the patient's risk to develop cardiotoxicity, but clinical judgment should be the key factor to

determine the risk for the patient.

Chemotherapy Agent

Conversion Factors

Doxorubicin

Multiply total dose x 1

Danourubicin

Multiply total dose x 0.833

Epirubicin

Multiply total dose x 0.67

Idarubicin

Multiply total dose x 5

Mitoxantrone

Multiply total dose x 4

Note. Taken from the Children Oncology Group- Long-term Follow-up Guidelines for Survivors or

Childhood, Adolescent and Young Adult Cancers
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Chapter 7

Physical Activity and Leukemia

Alejandro San Juan Ferrer, PhD, Physiotherapist; Carolina Chamorro-Vifa, PhD &

Julia Beulertz, PhD student

4 )

Learning Objectives

After completing this chapter you will know:
e ...more about a diagnosis of leukemia during childhood.
o ...the potential side effects of the treatment of leukemia.
¢ ...the role of physical activity as a beneficial tool for patients and survivors of leukemia.
e ...the precautions childhood cancer patients and survivors must take to safely engage

in physical activity.

\_ /

Introduction

Leukemia is a progressive, malignant disease of the blood-forming organs, marked by
the distorted proliferation and development of leukocytes and their precursors in the blood and
bone marrow. Hematological tumors derive from two normal cell lineages: lymphoid (e.g.,
lymphocytes B and T, natural killer (NK) cells, and plasma cells); and myeloid (e.g.,
granulocytes, erythrocytes, thrombocytes, macrophages and mast cells). Leukemia is the most
common childhood cancer, representing 31% of all cancers among children less than 15 years

of age .

Acute lymphoblastic leukemia

Acute lymphoblastic leukemia (ALL) represents approximately 25% of all cancers
among children less than 15 years of age, and 75% of children diagnosed with leukemia ". ALL

survivors usually present with bone marrow failure (e.g., bleeding, infection and abnormal blood
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counts) that is clinically manifested as fatigue, bruising, and increased rate of infections (refer to
Chapter 5) 2. ALL childhood survivors have a relatively high survival rate and more than 90% of

children with standard risk disease can now expect to be cured .

Acute myeloid leukemia

Acute myeloid leukemia (AML) represents approximately 4% of all cancers among
children less than 15 years of age *, and 20% of children diagnosed with leukemia *. AML is a
heterogeneous group of diseases, 70% of myeloid leukemia is acute and the remainder
includes chronic and/or sub-acute myeloproliferative disorders *. Often present with infiltration of
the blood, bone marrow and other tissues by neoplastic cells of the hematopoietic system 2. Up

to 65% of pediatric AML survivors experience long-term side effects °.

Common Treatments and Phases

Acute lymphoblastic leukemia

ALL treatment is usually composed of three phases:

1) Induction: The goal of this first phase of treatment is to induce morphologic
remission and to restore normal hematopoiesis 2. Drugs commonly used include vincristine,
corticosteroids (prednisone/dexamethasone and L-asparaginase), with or without
anthracyclines, and in conjunction with intrathecal therapy (IT) (including methotrexate,
cytarabine and hydrocortisone) °. Refer to Appendix A for full medication list. This induction
phase aims to induce complete remission in 4-6 weeks .

2) Central nervous system (CNS)-directed treatment with consolidation (or
intensification) therapy. Approximately 3% of patients have detectable CNS involvement at
diagnosis. However, unless specific therapy is directed toward the CNS, the majority of children
will eventually develop overt CNS leukemia. Therefore, all children with ALL typically receive
systemic combination chemotherapy with some form of CNS prophylaxis ®. The consolidation or
intensification phase lasts for 1-2 months and aims to prevent CNS relapses and to reduce the
systemic minimal residual leukemia burden 2. It consists of the combination of IT chemotherapy
and CNS-directed systemic chemotherapy; cranial radiation is reserved for select situations ®.
The type of CNS-therapy that is used is based on a patient’s risk of CNS-relapse, with higher-

risk patients receiving more intensive treatments ®.
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3) Maintenance therapy: This last phase of treatment is prolonged, lasting as long as 2-
3 years. It consists of daily oral 6-mercaptopurine and weekly oral methotrexate. In some
protocols, pulsed applications of glucocorticoids, vincristine and IT chemotherapy are also
administered ’. Some leukemia patients at higher risk may receive more intense maintenance
chemotherapy and IT. The objective of maintenance therapy is to help lower the risk of cancer

recurrence after it has disappeared following initial therapy.

Acute myeloid leukemia

AML treatment is usually divided into two phases:

1) Induction: As in ALL, induction phase aims to induce complete remission, and therapy
regimens commonly use cytarabine and an anthracycline (e.g., daunorubicin), in combination
with other agents (e.g., etoposide and/or thioguanine) °.

2) Consolidation (or intensification) therapy: The objective of this phase is to kill any
remaining tumor cells using more intensive treatment over several months. Chemotherapy
drugs are usually used and high doses of cytarabine (ara-C) and daunorubicin may also be
added. The use of some form of CNS-directed treatment (IT chemotherapy with or without
cranial irradiation) is considered a standard part of the AML treatment and it has been
incorporated into most protocols for childhood AML treatment '°. IT chemotherapy is usually
given every 1-2 months, until the consolidation phase is completed. This phase may also
include allogeneic or autologous hematopoietic stem cell transplant (HSCT) depending on
the treatment protocol and survivor’s risk ''. Unlike ALL, maintenance therapy is usually not
included in pediatric AML protocols or for acute promyelocytic leukemia. A major challenge in
the treatment of childhood AML is to prolong the duration of the initial remission with additional

chemotherapy or HSCT *.

Hematopoietic stem cell transplantation
HSCT is another treatment option for certain types of AML and ALL. This procedure
involves infusion of cells (hematopoietic stem cells; also called hematopoietic progenitor cells)

to reconstitute the hematopoietic system of a patient (refer to Chapter 8 for more information).
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Potential Treatment Side Effects and Implications for Physical Activity

Early side effects in survivors of childhood cancer are experienced during or shortly after
treatment (e.g., surgery, radiotherapy, chemotherapy). These may include increased risk of
infections, hemorrhagic and thromboembolic complications, nausea and/or vomiting, loss of
appetite, allergic reactions, skin changes, fatigue, pain, or temporary hair loss ” Late-effects
(long-term side effects) occur months or years after treatment and may affect most body
systems. These effects may also increase the risk for secondary malignancies '?. Refer to Table
7.1 for a list of late-effects.

Cancer treatments can affect physiological systems that in turn might impact PA
participation. Specifically, impaired
lung function, decreased blood
oxygen transport capacity,
diminished cardiac output and thus
blood supply to body tissues (e.g.,

exercising muscles), reduced

cardiorespiratory fitness to low levels
(e.g., 50-70% lower level of maximal
oxygen consumption (VO,max)
versus age and sex-matched healthy
children), and the resultant fatigue,

even during normal activities of

daily living (ADLSs), may all limit PA

participation. Cancer treatments may also induce gastrointestinal toxicities which can interfere
with nutrition and thus with energy supply to muscles, thereby decreasing muscle mass (with
greater decreases noted in HSCT survivors), while increasing adiposity and total body mass.
These side effects in conjunction with other factors may be related to or promote a sedentary
lifestyle. The reasons for lower PA in childhood cancer patients are not entirely clear; however,
three potential explanations have emerged in the literature ™ (refer also to Chapter 3). The first,
a physiological explanation, postulates that survivors of cancer are less active as a result of
adverse consequences of cancer treatment side effects. The second argues that childhood
cancer survivors are subject to an insidious “spectrum of disuse” as a result of an overly
cautious approach towards PA fostered by concerned parents and physicians and this may
lower children’s self-confidence '. Finally, another interesting point of view is that expressed by

Oeffinger et al."®. They showed that the timing of the diagnosis and the length of the treatment
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often coincide with a period of life when children are introduced to organized sports, such as

soccer '°. Therefore the child with a cancer diagnosis would miss out on this critical period and

therefore not be introduced to numerous leisure time PAs.

Table 7.1. Main late-effects in pediatric cancer.

System

Example of late side effects

Cardiovascular

Cardiomyopathy, congestive heart failure, arrhythmia, subclinical left
ventricular dysfunction, valvular disease, atherosclerotic heart disease,
myocardial infarction, pericarditis, pericardial fibrosis, and hypertension.

Pulmonary

Pulmonary fibrosis, interstitial pneumonitis, restrictive/obstructive lung
disease, pulmonary dysfunction.

Musculoskeletal

Osteopenia, osteoporosis, osteonecrosis, reduced/uneven growth,
reduced function/mobility, hypoplasia, fibrosis, radiation induces
fracture (doses = 40Gy), scoliosis/kyphosis (trunk fields only),
secondary benign or malignant neoplasm, muscle weakness, fatigue.

Digestive

Hepatic dysfunction, veno-occlusive disease, hepatic fibrosis, cirrhosis,
cholelithiasis, peptic ulcer, pancreatitis.

Endocrine/Metabolic

Growth hormone deficiency, precocious puberty, hypo and
hyperthyroidism, thyroid nodules/cancer, Radiation doses = 40Gy:
hyperprolactinemia, central adrenal insufficiency, gonadotropin
deficiency, lower metabolic cost.

Urinary

Glomerular toxicity, tubular dysfunction, renal insufficiency,
hypertension, hemorrhagic cystitis, bladder fibrosis, dysfunctional
voiding, neurogenic bladder, bladder malignancy.

Immune/Hematologic

Leukopenia, thrombocytopenia, anemia.

Neurocognitive

Neurocognitive deficits (executive function, attention, memory
processing speed, visual motor integration), learning deficits,
diminished intellectual quotient, fatigue.

Nervous System

Leukoencephalopathy, spasticity, ataxia, dysarthria, dysphagia,
hemiparesis, seizures, motor and sensory deficits, brain tumor,
peripheral sensory or motor neuropathy, pain, cerebrovascular
complications (stroke, Moya disease, occlusive cerebral, vasculopathy).

Psychosocial

Social withdrawal, educational problems, depression, anxiety,
posttraumatic stress, dependency, fatigue.

Note. Translated from ™
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Physical Activity and Leukemia Research Summary

Searching the PubMed database for current literature regarding PA interventions among

pediatric leukemia survivors, nine studies "%

, with a total of 155 participating children were
identified (refer to Appendix 7.A). Out of all study participants, a total of 141 children were
diagnosed with leukemia, 133 of these children were diagnosed with acute ALL. Eight out of
nine included studies focused on ALL-patients exclusively, while only one study included
leukemia survivors after bone marrow transplantation #*. Thus, considering the overall research
on PA interventions in pediatric oncology, current literature provides most data for ALL-patients.
The results of all included studies suggest that PA interventions with pediatric leukemia

17.26.27 and safe ' ?2. Patients participated regularly

patients and survivors are feasible
(adherence between 60-98%) and no adverse effects or complications related to the PA
intervention were reported in any publication. In addition, all studies presented some positive
effect on physical functioning (e.g., strength, aerobic capacity, functional mobility, motor
performance, ankle dorsiflexion ' '®2°% |evel of activity *', body composition ', fatigue """ %
and quality of life (QOL)) %.

The setting in these studies differs considerably. While three studies were conducted as

21,27 and

supervised programs '®?*% two studies were conducted as home-based programs
four studies included a combination of supervised and an additional home-based intervention '
18.20.28 ' Al studies conducted within the hospital were supervised %°. Most studies were

conducted during medical treatment and maintenance therapy 92" %2527

, while only one study
focused on children affected with leukemia during survivorship . The duration of programming
varied from six-weeks up to two-years. One study even investigated the effects of an acute PA
bout (30 minutes) on immune parameters '°. However, most studies explored an 8-16 week PA
intervention. Regarding the form of PA, the studies differed considerably as well. While one
program included aerobic training exclusively %, seven studies analyzed the effect of a
combined PA program including stretching, resistance, aerobic and coordination as well as

17, 18, 20, 21, 23, 25, 26 (StUdieS 22 and

physical therapy, education and lifestyle/ recreational activities
2t were done from extracted data from the intervention program of study ).

Overall, the results indicate that PA interventions with pediatric leukemia patients and
survivors are feasible and safe. They also suggest a positive effect on physiological and
psychosocial outcomes. However, a comprehensive evaluation of the existing data is very
challenging given the large heterogeneity of the studies in terms of outcomes, form of PA,

duration and setting.
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Physical Activity Recommendations

Prior to initiating any new PA program, all childhood cancer survivors should first consult

with their physician, as individual treatment factors and overall health status may impact their

ability to safely participate in activity. Refer to Table 7.2 for an example of objectives and PA

recommendations and refer to Appendix 7.B for a sample group-based PA program.

Table 7.2. Objectives and physical activity recommendations during the different phases of

cancer treatment for acute lymphoblastic leukemia patients.

Treatment Phase

Objective

PA Recommendation

Induction

Coping with side effects of cancer
diagnosis and treatments. The goal is to
prevent physical deconditioning.

In-hospital physiotherapy (aka
physical therapy (PT)) and
supervised PA.

Consolidation

Continue coping with side effects of
cancer diagnosis and treatments. The
goal is to continue preventing physical
deconditioning.

In-hospital physiotherapy/PT and
supervised PA.

Maintenance

Continue coping with the side effects of
cancer diagnosis and treatments. The
goal is to continue preventing physical
deconditioning and start the process of
rehabilitation as soon as possible (with
the goal of recovering normal levels).

In-hospital or community-based
supervised PA to rebuild physical
fithess capacity to normal or close
to normal levels. PT if needed.

Survivorship

Health promotion. The goal is to optimize
overall health and quality of life.

Community-based PA programs.
PT if needed.

Note. Compiled from *°,

as well as the authors own experience.

Physical Activity Precautions

While no detrimental effects of PA in children and adult cancer patients/survivors have

been reported %

, it is important to acknowledge that under some conditions certain

precautions must be taken when prescribing PA. Refer to Table 7.3 and Chapter 5 for specific

recommendations.

In addition to any medical contraindications or precautions, the side effects caused by

the disease and treatment (e.g., extreme fatigue and/or muscle weakness, dyspnea, nausea,

pain), may make it difficult for the patient/survivor to complete a PA session. In this situation, the
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patient/survivor should reduce the intensity and duration of PA. In the event that these
symptoms do not subside with reduced activity, the patient /survivor should consult with his/her

physician as soon as possible.

Table 7.3. Precautions for physical activity prescription in childhood leukemia patients and

survivors.
Pathology/Condition Precaution
Fever Temperature > 38°C: Avoid intense and strenuous PA.
Temperature > 40°C: Avoid all PA.
Pancytopenia Refer to Chapter 5.
Cachexia Monitor weight loss. Engage in less aerobic and more

functional activity with weight loss concerns. Err on the side

L f 35% bid weight
0SS ot over o premorbid weig of caution and supervise PA if cachexia is of concern.

Primary or metastatic bone cancer | Refer to Chapters 5 and 9.
(increased risk of bone fractures)

Ataxia and dizziness Avoid high impact PA.

Avoid contact sports and activities that have a high risk of
crash and falls and/or that require additional balance and
coordination (e.g., treadmill walking, outdoor cycling).

CIPN Refer to Chapter 5.

Note. Adapted and translated from ™. CIPN: Chemotherapy-induced peripheral neuropathy.

Future Research

The available literature presents several limitations that need to be addressed to
improve the quality and level of evidence of future research (e.g., lack of control group,
incomplete randomization, blinded measurement, small population sample). Moreover, PA
interventions should be adapted based on the varied cancer diagnoses (e.g., solid tumors),
therapy phases (e.g., induction), current health (e.g., severe anemia), and stage of survivorship
to ensure safety and determine the potential positive effects of PA across the pediatric cancer

trajectory.
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/ Take Home Message

Physical activity programs are safe and necessary in this pediatric population. The

literature has shown that physical activity has positive effects on muscle strength,
cardiorespiratory fitness and quality of life. Physical activity during induction and
consolidation phases of treatment should be supervised and preferably located at hospitals
equipped with a child appropriate gymnasium. Once children move into later phases of
treatment (e.g., maintenance), home-based physical activity programs and community
programs are recommended. Once the child has reached normal or close to normal levels

of conditioning according to their age, children should be encouraged to follow an active

lifestyle and slowly be reintegrated into community and school-based physical activity. /

Acknowledgment: Dr. Carolina Chamorro- Vifia was funded by Alberta Children’s Hospital, Section of
Pediatric Oncology and Blood and Marrow Transplant and by the Psychosocial Oncology Research
Training Program.
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Appendix 7.A

Clinical Physical Activity Interventions in Children with Leukemia

Authors | Population Intervention Results
Yehetal. | 1G=12 (ALL) | Home-based Feasibility: Adherence 67-83%
27 CG_=10 (ALL) IG: 6wk: 3/wk, 30min: at 40- Fatigue: general fatigue score T in IG
maintenance | gno, o HRR: endurance vs. CG (p=0.02)
therapy CG: standard care
Gohar et | N=9 (ALL) Supervised, in-hospital and | Feasibility: 98%
al. intensive home-based Physical functioning: Gross motor
17 medical ~ 6-7 mo: 5lwk: physical function T (~35%)
treatment therapy p’rogra;n (mixed Fatigue: T (~15%)
exercises)

San Juan | N=7 (ALL) Supervised, in-hospital and | Immune status: no major effects on
etal. maintenance | 20-wk detraining IGFs, IGFBPs and GH -> exercise can
Bl therapy 16wk + 20wk detraining; be safely undergone

Ruiz et al. 3/week, 90-120 minutes Adnerence: > 85%

2 Endurance: 30min. at 50- Physical functioning: VOgpea T
70% HR oy (p<0.05); VT T (p<0.05); strength T
Strength: 1 set, 8-15 (p<0.05); functional mobility T (p<0.05);
repetitions,11 exercises passive DF-ROM { (p<0.05)
QOL: no differences
Hartman | 1G=20 (ALL) | Supervised, in-hospital Physical functioning: Motor
etal. CG=21 (ALL) | (every 6wks) and home- performance T in IG; BMD+g. 4 in IG
18 completed based during intervention (p=0.03) and T at
medical IG: 2yr exercise program follow up (p=0,004); passive DF-ROM |
treatment (mixed exercises) in IG; BMI { in IG during intervention
CG: standard care and T at follow up; body fat T in I1G
during intervention and { at follow up
Unsatisfactory adherence
Moyer- | 1G=6 (ALL) Home-based Physical functioning: PACER laps T1
Mileu,et | CG=7 (ALL) | G: 12mo; >3/wk; 15-20 min | in IG (~80%)
al. maintenance | onvsical activity (mixed) and | Activity: Pedometer steps T in IG
therapy educational sessions (~140%); minutes T in IG (~140%)
CG: standard care
Takken et | N=9 (ALL) Supervised, community- Feasibility: 60%
al. based and home-based Physical functioning: no significant

26

survivorship

12wk; 4/wk, 45-min, at 66-
>90% of HRax (mixed
exercises)

changes (muscle strength (-10/+10%),
exercise capacity (VOzpeak) (+3%),
functional mobility (-1/+4%), fatigue (-
11%))
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San Juan | |G=8 Supervised, in-hospital Adherence: 70%
etal. (leukemia) swk: 3/wk. 90-120min Physical functioning: Functional
23 CG=8 Endurance: 10-30min at 50- | mobility Tin I1G (p<0.05); strength T in
(healthy 70% HR .y IG (p<0.05); endurance (VOapea) T in
matched Strength: 1 set, 11 exercises, | |G vs. CG (p<0.05)
controls) 8-15 repetitions QOL: comfort and resilience T in IG vs.
~8.9+4.5mo CG (p<0.05); satisfaction and
post HSCT achievement T IG vs. CG (p<0.05)
Ladhaet | IG=4 (ALL) Acute, supervised Immune system: no negative
al. CG=6 intervention neutrophil response; neutrophil
2 (healthy 30min, intermittent run-walk response is similar to that of healthy
matched on a treadmill at 70-85% of | children
controls) VO
maintenance Zpeak
therapy
Marchese | IG=13 (ALL) | Supervised (5 sessions) and | Physical functioning: active DF-ROM
etal. CG=15 (ALL) | home-based 1 in IG vs. CG (p<0.01); knee extension
20 maintenance | |a. 4mo exercise program strength T in IG vs. CG (p<0.01)
therapy

(physical therapy; mixed
exercises)

CG: no exercise
recommendations

Note. T:improved/ better; | : deteriorate/ worse; N: sample size; |IG: intervention group; CG: control
group; IG vs. CG: comparison between cohorts; ALL: acute lymphoblastic leukemia; p: level of
significance; min: minute(s); d: day(s); wk: week(s); mo: month(s); yr: year(s); QOL: Quality of life; BMI:
body mass index; BMD: bone mineral density; HRR: heart rate range; HRmax; maximum heart rate; DF-
ROM: dorsiflexion range of motion; VT: ventilator threshold; PACER: progressive aerobic cardiovascular
endurance run; HSCT: Hematopoietic stem cell transplan
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Appendix 7.B

A Practical Example of a Group-Based Physical Activity Session

Characteristics of the program:

v" Group-based

v' Age: 4-9 years

v Diagnosis: leukemia patients during maintenance therapy

Objective

Example

“Fire, Water, storm”

Warm-Up The child/children is/are moving (either walking or
running) around the gym. The therapist now shouts
one of several predefined warnings ("fire", "water",

Preparing for exercise. "storm"). The players have to react accordingly.
Fire: lay flat on the ground or a gymnastics mat

Duration: Increase heart rate above Water: climb on a bench

~10 min. resting (but in a comfortable Storm: hold on to a stable surface (e.g., wall

Intensity: bars)

RPE 2-4 zone) and increase the body | Then, the next round starts.

temperature. Variations:
1. Add more warnings.
2. Have the children choose the warnings.
3. Add several running exercises.
Other examples
Low-intensity games (e.g., running/walking games).
Aerobic Training Biathlon
Similar to the winter-sport “biathlon” that combines
Workout Improving endurance. .cross-cm‘J‘ntry s!<iir],g3 and rifle. shooting, this game
includes “shooting” and running, as well. A running
Increase heart rate above course (e.g.‘,‘ a 20r_n loop), a”penalty loop (e.g._, a 10m
Duration: loop) and a “shooting range” (e.g., a gymnastics mat,
~30 min. resting. Ensure the child is tennis balls and a box) have to be arranged.
Intensity: As soon as the therapist gives the starting signal, the
RPE 4%' able to maintain conversation | children must run (e.g., 3 loops of the running

(able to talk) while exercising.

course) and then go to their shooting range. There,
they have to “shoot” (e.g., get 3 tennis balls into a
box). Each missed shot must be atoned for by
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running one penalty loop.

After shooting (and running the penalty loop(s))
children repeat the circuit.

Variations:
1. Alternate shooting in lying and
standing position.
2. Alternate length of running course and
penalty loop.
3. Alternate way of “shooting”.
4, Relay: Play in teams.

Other examples

Running, jumping, catching, dribbling, kicking, or
relay games.

Resistance Training

Improving muscular
endurance, muscular

strength and bone density.

“Jungle adventure”

Arrange a number of climbing/balancing stations and
connect them with gymnastic mats. Arrange one
empty treasure chest (e.g., a box) at one end of the
course. Arrange small items along the course (e.g.,
(medicine) balls, bean bags, weights etc.).

Children must “save their treasures” and carry all
items through the jungle course to their treasure
chests without touching the floor.

Variations:

1. Vary climbing/balancing stations.
2. Vary items the children have to carry.

Other examples

Circuit training, climbing course, jumping, throwing
and catching.

Cool-Down

Duration:
~10 min

Intensity:
RPE 2-3

Preparing to cool-down and
return to quiet activities.
Return the heart rate to

baseline/resting.

Weather massage

One child is lying on a gymnastics mat or sitting on a
chair in a relaxed position. The therapist will
massage according to the weather conditions the
child is choosing.

Rainy: thrum with your finger tips softly on the child’s
back

Sunny: put the palm of your hand softly on the child’s
back to have him/her feel the warmth of your hands

Lightning: paint a lightning flash on the child’s back

Windy: stroke with your finger tips over the child’s
back

Cloudy: stroke with the palm of your hand over the
child’s back

Variations:
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FEDIATRIC OMCOLOGY FXERCISE MANUAL

1. Have two children massage each other.

2. Have all children massage the therapist.

3 Vary from “weather massage” to “pizza
massage” etc.

4, Tell a story including several weather
changes.

Other examples

Relaxation games and/or stretching and or breathing
exercises.

Note. min: minutes; RPE: Intensity according to the RPE Scale (Scale from 1-10). See Appendix F for RPE

Scale
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Chapter 8
Physical Activity in Children Treated with Hematopoietic

Stem Cell Transplantation

Carolina Chamorro-Vifia, PhD & Antonio Pérez Martinez, MD, PhD

/ Learning Objectives: \

After completing this chapter you will know:

o ... the types and phases of hematopoietic stem cell transplant.

o ... the potential side effects of hematopoietic stem cell transplant.

o ... the benefits of physical activity for children treated with hematopoietic stem cell
transplant.

o ... the precautions to take when prescribing or engaging in physical activity for this

\ population. /

Introduction

Hematopoietic stem cell transplant (HSCT), formerly referred to as a bone marrow
transplant, is a unique procedure that has become standard of care for hematological
malignancies, and congenital or acquired disorders of the hematopoietic system ". This
procedure involves the infusion of hematopoietic stem cells (HSCs) to reconstitute bone
marrow function in patients 2. The use of HSCT to treat pediatric cancer has increased in the
last decade and the survival is as high as 65-74% > . However, those patients treated with
HSCT are considered to be in the high-risk group to develop longterm complications *. Among
these side effects are muscular atrophy, fatigue, diminished cardiovascular functioning,
immunosuppression, and graft versus host disease (GVHD) *°.

Physical activity (PA) has recently been studied as a complementary tool to boost the
recovery of children and adults with cancer undergoing HSCT . Although the evidence is
limited, especially in pediatric populations, the results are promising and no significant adverse

events due to PA have been reported to date """. To successfully and safely prescribe or
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engage in PA with children undergoing HSCT, it is important to understand the basics of the

disease processes and the complications frequently encountered.

Common Phases and Types of Hematopoietic Stem

Cell Transplantation

Phases of hematopoietic stem cell transplantation

The HSCT procedure is composed of 5 different phases (refer to Figure 8.1) '2. These
phases include: 1) conditioning; 2) infusion; 3) neutropenic; 4) engraftment; and 5) post-

engraftment.

Figure 8.1. Phases of hematopoietic stem cell transplant

1 2 3 A 5
Conditioning Infu5|0n"Day Neutropgnlc Engraftment Post-
Zero or Isolation engraftment

Note. Data taken from °.

1) The conditioning phase lasts approximately one week. Chemotherapy and/or
radiotherapy are administered to eliminate any existing disease, prevent graft rejection, and
create space for the HSCs. In order to achieve this, the bone marrow of the patient is partially
or totally destroyed. Consequently, patients may develop pancytopenia and fatigue.

2) During the infusion phase (also known as “Day Zero”), the new HSCs (from a donor
or own patient) are infused into the patient through a central venous catheter. In order to
eliminate all the cytotoxic agents from the patient’s body, a day of rest is given between
conditioning and infusion. Typically, stem cell infusions are rather uncomplicated *2.

3) Neutropenia phase is characterized because the patients present an abnormally low
count of neutrophils, a type of white blood cell that helps fight off infections. The neutropenia
phase typically lasts 2-4 weeks and it is at this point that the patient’s immune function is

significantly reduced (Refer to Chapter 5). The threshold for defining neutropenia in children
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varies with age. Severe neutropenia occurs when the absolute neuthrophil count (ANC)
drops below 0.5 x 10%L. Moreover, due to the toxicity of the conditioning regimen, in the
neutropenia phase the patient’'s normal mucosal and the skin barriers are disrupted, which
allows for the invasion of endogenous bacteria. As a result, patients are at a high risk of
acquiring an infection during this phase of treatment. Thus, in this phase of treatment, the
patient is usually isolated in their hospital room and any health care professionals or allied
health care professionals entering their rooms must follow special precautions. During this
phase, medication will be given to prevent infection and GVHD. Special consideration must also
be taken when exercising. See Chapter 5 for special consideration in patients with
pancytopenia.

4) Engraftment occurs after several weeks when the new blood-forming cells (i.e.,
HSCs) begin to grow and make sufficient number of healthy blood stem cells to normalize the
patient’s blood cell counts (neutrophils, platelets, and erythrocytes). This typically occurs 14-20
days post HSCs infusion. It is an important milestone in the transplant recovery and marks the
end of the need for isolation. Neutrophil engraftment is defined as the first day of three
consecutive days where the neutrophil count (absolute neutrophil count) is 500 cells/mm?® (0.5 x
109/L) or greater BOA platelet count of 20,000 to 50,000/microliter for three days without blood
transfusion is sign of platelet engraftment '3, At this time, the patient may begin to experience
healing of the damaged mucosa, resolution of bacterial infections, and the development of acute
GVHD. The lymphocyte function (e.g., T cells and B cells) remains compromised due to
immunosuppressive medications and the delayed process of immune reconstitution. Thus,
patients are at an increased risk for viral infections, such as cytomegalovirus, varicella zoster,
and others. In addition, opportunistic protozoal and fungal infections may occur. Prophylactic
strategies must be implemented to try to prevent morbidity from these infections. If no other
complications are present after engraftments occur, the patient will be discharged.

5) The post-engraftment period is where immunological recovery and immune
reconstitution tolerance will occur. As immune system reconstitution is slow, the post-
engraftment phase is the longest phase and can take up to 1 to 2 years in the allogenic
transplant ™. Natural killer cells are part of the innate immune system and are one of the first
cells that regenerate. However, lymphocyte function (lymphocytes T and B) remains poor until
8-10 months post transplantation. This may be further delayed by the presence of chronic
GVHD, in which case it may never fully reconstitute. Autologous HSCT immune reconstitution is

faster than in the allogeneic HSCT reducing the incidence of infections ™.

Chapter 8
133



...............................

Sources of hematopoietic stem cells

HSCs can be found in different sources such as bone marrow, peripheral blood and cord
blood (3). Refer to Table 8.1.

Table 8.1. Sources of hematopoietic stem cells

HSC sources Known as Procedure Observations
Cord blood HSC Collect HSCs from Cord blood has relatively
transplantation the cord blood at low numbers of cells and
birth. is associated with

delayed immune
recovery and a high risk
of viral infection.

Peripheral Peripheral stem | The HSCs are Most common source
blood cell obtained from the used to obtain HSCs.
transplantation peripheral blood by | The procedure to obtain
leukapheresis engraftment and
following immune reconstitution
mobilization with are faster with peripheral

granulocyte colony blood.
stimulating factors

HSCs.
Bone marrow Bone marrow Bone marrow This was the first type of
transplantation aspirated from the transplant that was
iliac crest has performed in 1960.
traditionally been the | Sometimes this term is
primary source of used interchangeably
HSCT. with HSCT.

15-17

Note. Compiled from . HSCT: Hematopoietic stem cell transplantation; HSCs: Hematopoietic stem

cells

Types of conditioning regimens
There are two types of conditioning regimens: Myeloablative (classical) and non-
myeloablative (mini or reduced intensity) transplant '®'°. In the myeloablative conditioning

regimen, the goals are to ablate cancer cells, create space within the bone for new marrow
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elements and to suppress the immune system of the patient to allow the donor cells to grow and

avoid rejection. Bone marrow ablation promotes pancytopenia resulting in an increased risk of

hemorrhage, fatigue and infection '*%. The non-myeloablative transplant aims to suppress the

patient's immune system sufficiently to
allow engraftment of the donor cells. The
non myeloablative conditioning regimen
was created due to the understanding that
there is an immunological response from
the donor cells against the patient’s cancer
cells named graft versus tumor effect

(GvT). Total or partial eradication of cancer

@nmerism analysis is the study of the genotype
origin of post-transplant hematopoiesis. If after
transplant the patients present all hematopoietic
cells from the donor origin, the patient is called
“complete chimera”. However, if the patient has
their own hematopoietic cell coexisting with their
donor hematopietic cell, the patient is called
“mixed chimera”. The evolution of post —transplant
chimerism most often is a dynamic process in

vice versa.

which chimera can change from full to mixed ary

cells occurs due to GvT, in other words the capacity of the new HSCs (from the donor) to

eradicate the cancer cells '. Because the recipient hematopoietic tissues are not destroyed by

the non-myeloablative conditioning regimen, mixed hematopoietic chimerisms can last after

transplantation . These non-myeloablative regimens are less toxic and very well-tolerated %.

Immune Cell Alloreactivity as a Basis of Allogenic Hematopoietic

Stem Cell Transplantation

Alloreactivity only occurs in the setting of allogeneic HSCT. This process is initiated

because differences in the human leukocyte antigen
(HLA) between donor and recipient exist. The host, or (“Human leukocyte antigen (HLA): any
patient HLAs, interact with the antibodies or T-cell antigens, occurring on the surface of

receptors of the donor. The T cells only respond to
foreign peptides, so differences in the HLA between another’s and histocompatibility

donor and recipient will make T cells respond. This

of a complex of genetically determined

almost every human cell, by which one
person's cells can be distinguished from

established )

interaction might lead to three different results %:

1- GVHD: alloreactivity induces damage in recipient tissues, which is the major drawback of

HSCT. See HSCT complication in this chapter for more information.

2- Graft rejection: the patient immune system recognizes the HSCs of the donor as foreign

and destroys them. The more similar the antigens are between the donor and recipient, the

less likely that the HSCs will be rejected. In myeloablative transplants, the bone marrow is

destroyed; therefore patients who experience graft rejection can become quite ill and, in

some instances, die of complications from the treatment.
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3- Graft versus leukemia (GvL) or GvT: the donor’'s immune cells may recognize residual
leukemia, lymphoma or cancer cells as being different and destroy them. Retrospective
studies have demonstrated that patients with prior malignant disease who develop acute or

chronic GVHD have lower disease recurrence rates than patients who do not .

Hematopoietic Stem Cell Complications and Their Implication for

Physical Activity
Complications after HSCT are quite common and many of them are life-threatening. We

will describe those that might affect the child’s participation in PA.

1) Conditioning regimen-related

Conditioning regimen, specifically myeloablative, is associated with damage of epithelial
and endothelial cells that can cause symptoms such as nausea, vomiting, mucositis, diarrhea
and pain. This can impair the ability of a child to be involved in PA. Mucositis also might impair
the ability of a child to eat and therefore contribute to inadequate nutrition and low energy,
further decreasing the ability of a child to do PA 3. If poor nutrition is a problem, prioritize
flexibility, strength training and functional mobility in order to maintain muscle mass and
functional mobility. Minimize aerobic training in order to decrease energy consumption. Also,
prolonged bed rest during the HSCT is a common problem. Specifically, children undergoing
HSCT may be hospitalized for approximately 30 days or more spending most of the time in bed.
This prolonged time of inactivity might lead to decreased muscle mass and cardiorespiratory
fitness °. Pain is also common at this time. Pain should never be ignored. A pain rating scale
(refer to Appendix E) should be used to monitor pain during PA. If pain increases during PA,

immediately stop and consult with the oncologist.

i) Alloreactivity-related

GVHD is a major complication of allo-HSCT following myeloablative and non-
myeloablative conditioning regimens. Prevalence of acute GVHD is directly related to the
degree of mismatch between HLA proteins. The newly transplanted cells regard the recipient's
body as foreign and attack it. GVHD is the consequence of the alloreactive response and reflect
an inflammatory state.

There are two types of GVHD: acute and chronic 25 In children, the incidence is lower

than adults and chronic GVHD ranges between 25-50% ?°. Symptoms in both acute and chronic
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GVHD range from mild to severe % (refer to Table 8.2). Acute GVHD typically occurs within 100

days from transplant and chronic GVHD usually occurs after this time point. Acute GVHD has

been associated with increased toxicity-related mortality and decreased disease free survival.

The clinical spectrum of chronic GVHD is wider than acute GVHD and has significant impact on

guality of life (QOL) and mortality. Strategies to decrease GVHD include pharmacological

immunosuppressive drugs (cyclosporine, methotrexate, corticoids, mycophenolate mofetil), as

well as ex-vivo and in-vivo T cell depletion

27,28

Table 8.2. Acute and chronic GVHD.

Acute GVHD Chronic GVHD

Time More common between 0-100 More common from 3 months ongoing,
days but could appear at any time.

Causes Donor T cell induced T cells chronically stimulated by the

presence of minor histocompatibility
antigens. B cells may be implicated.

Risk factors

HLA mismatch transplants

Acute GVHD

Symptoms

Skin (rash), gastrointestinal tract
(vomiting, diarrhea) and liver
(jaundice).

Lichen-type features, dryness, sclerosis
of the several organs including: skin
(sclerosis), mouth (xerostomia), eyes
(xerophthalmia), vagina, esophagus,
liver,lung (bronchiolitis obliterans),
fasciitis, serositis (including pericardial or
pleural effusions) and rarely kidneys
(nephrotic syndrome).

Treatment

Corticosteroids.

Supportive care, steroid-refractory
setting:

anti-thymocyte globulin (ATG),
cyclosporine, ECP, daclizumab,
etanercept, sirolimus, tacrolimus,
mycophenolate

mofetil, pentostatin, denileukin
diftitox mesenchymal stem cells.

The general approach to treatment is
immediate initiation of therapy,

typically high dose steroids (1-2
mg/kg/day) with calcineurin inhibitor, with
steady weaning of steroid until the lowest
allowable. The mean duration of the
therapy is three years after that around
50 % are able to stop therapy 5 years
post HSCT.

Note. Compiled from

26,29

No studies have been conducted in children examining the effect of PA in patients with GVHD.

However, in a recent review that examined the exercise intolerance of children undergoing

HSCT, the authors postulated that children affected by GVHD have a greater loss of muscle

mass and performed worse on tests of neuromuscular function, compared to children and
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survivors without GVHD. Because GVHD is an inflammatory effect, children with GVHD present
an increased systematic inflammation that may reduce their ability of skeletal muscle to produce
energy °. This might contribute to decreased PA and therefore contribute to a poor fitness

condition.

1) Immmune recovery delayed (Infections)

Infections remain a main cause of morbidity and mortality in patients undergoing HSCT
%031 The principal risk factors for infections after HSCT are the status of the hematological
disease, comorbidities, degree of neutropenia, disruption of anatomical barriers, depressed
immune function and immunosuppressive therapy. Immune recovery depends on the type of
transplantation, progenitor source, conditioning regimen, alloreactivity, immunosuppression and
the presence of GVHD *2. From conditioning to engraftment, neutropenia and disruption of
anatomical barriers are the most important risk factors *2. In autologous HSCT, the risk of

t14

infection decreases significantly after neutrophil engraftment ™. Refer to Chapter 5 for

recommendations and precautions for PA in immunocompromised patients.

Iv) Cardiac and pulmonary damage

Cardiotoxicity is common side effect of the administration of anthracyclines, a common
chemotherapeutic agent administer as part of the conditioning regimen that impairs the ability of
the heart to pump oxygenated blood and therefore decreases the ability to do PA. Cardiotoxicity
usually is a long-term effect, however sometimes might lead to early myocardial damage in
children °.

Pulmonary toxicity is common in children after HSCT and usually present as increased
lung fibrosis, bronchitis and exercise-induced shortness of breath. This may decrease the ability
of the lungs to sustain oxygen exchange during exercise, contributing to exercise intolerance *.

Refer to Chapter 5 and 6 for more information.

v) Anemia

Anemia is a decrease in the red blood cells that thereby impacts the ability to transport
oxygen and leads to subsequent fatigue. This is common after HSCT and must be taken into
account when prescribing exercise. Refer to Chapter 5 for more about PA prescription for

patients with anemia.
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Hematopoietic Stem Cell Transplantation Research Summary

Physical activity and graft versus host disease prevention and

treatment: the anti-inflammatory role

In acute GVHD, exacerbated inflammation leads to lesions in the skin, lung and the
gastrointestinal tract. In the chronic form, all organs are vulnerable to damage **. GVHD can be
extremely debilitating and lead to a poor health state, impairing QOL and physical functioning .
It is widely accepted that regular PA at a moderate intensity may decrease systematic
inflammation and improve immune function *. Although no studies to date have examined the
impact of PA in humans with GVHD, preliminary data gathered from animal models appears
promising. For example, an 11-week study exploring moderate aerobic training in a group of
mice with chronic GVHD undergoing daily cyclosporine showed that PA increased survival rate,
diminished total clinical severity scores, improved physical fitness and reduced the production of
two cytokines strongly related to the severity of chronic GVHD: tumor necrosis factor alpha
(TNFa) and interleukin-4 (IL-4) *. TNFa inhibition has been used as a therapeutic strategy in
experimental therapies against GVHD. IL-4 was also linked to the severity of the chronic GVHD.
These results must be carefully interpreted, as it was performed in a mice model and there was
a small sample by the end of the study. However, this data suggests that PA may be an
important non-pharmacological adjuvant therapy to improve the disease course and QOL in

these patients without altering an already depressed immune system 3.

Physical activity and infections: the antiviral effect and safety of

physical activity interventions

The recovery of the immune system plays a key role in the risk of infection after HSCT.
Moderate PA improves antigen-specific T-cell function, cytokine production and innate immune
response, which may translate into better protection from infectious agents **. An adequate
immune response plays a critical role in the clearance of viral infections in the post-transplant
period. Therefore, it is likely that PA would be beneficial in this population. Until recently, PA
was not recommended in the neutropenic phase of treatment due to concerns about the
possible detrimental impact on the immune system. However, PA is recognized as being

beneficial during treatment as it has been well-established that prolonged bed rest leads to
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muscle atrophy and aggravates the already low functional capacity induced by the
immunosuppressive therapy given to children receiving HSCT *.

Performing mild to moderate PA from the conditioning to engraftment phase has been
hypothesized to be beneficial. For example, Chamorro et al. performed a study during the
conditioning and neutropenic phase of HSCT in children 8. This study showed that a moderate
and individualized PA program was feasible, safe and did not alter immunological recovery. The
authors also found that the intervention group was able to increase the time spent in aerobic
training and increase the amount of resistance training by the end of the 10-week intervention.
Rosenhagen et al. conducted a similar study and corroborated this finding °. Refer to Table 8.2
for a summary of the interventions. Therefore, there is a hypothesis that PA-mediated changes
in immunity may contribute to improved immune recovery and function after HSCT %+,

Also, some studies performed in adult populations show an increase in NK cell function
after a moderate PA intervention *"*°. NK cells are very important in the control of tumor growth
and also are the first line of cells that regenerate after HSCT “°. Following exercise, increases
were seen also in lymphocyte proliferation and the number of granulocytes. However, the
research in this are is scarce and more research is needed to understand why these changes

occur and the link between clinical outcomes and changes in the immune system due to PA *'.

Physical activity improves fitness, fatigue and quality of life

To our knowledge, only three PA interventions have been performed in pediatric patients

%1% and one was performed in

undergoing HSCT. Two were performed in the neutropenic phase
the post-engraftment phase °. Taken together, the three interventions show promising results
reporting increased aerobic capacity and increased or maintained strength. In addition, San
Juan et al., ® and Rosenhagen et al.,"® have both shown increased QOL in the patients after the
PA intervention. Chamorro et al. has also shown that the training induced gains in body mass
and body mass index (BMI) over the hospitalization period. During the neutropenic phase, a
decrease in BMI is a common side effect and is associated with a negative HSCT outcome *%.
Maintenance of skeletal muscle proteins is crucial in immunocompromised children **. Avoiding
decreases in body mass during pediatric HSCT is important, as children undergoing this
treatment are at a risk of malnutrition **.  This evidence, with the extrapolated results from the
adult population studies, suggest that recipients of HSCT may benefit from PA ''. No harmful
effects were reported from the PA interventions ®''*°*¢_ However, far more research is needed

to generalize the benefits of PA in pediatric HSCT patients.
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Physical Activity Recommendations

To date, three interventions have been performed.

Table 8.2 summarizes the interventions performed in pediatric HSCT. All three included
aerobic, strength and flexibility exercises. The three authors highlight the importance of tailoring
the intervention to each participant’s need due
to a myriad of complicated side effects. In
general, mild to moderate aerobic training is
recommended in order to avoid an increased
risk of infection and to avoid extreme fatigue
% Wearing a heart rate (HR) monitor or using
rating perceived exertion scale (RPE)
scales (refer to Appendix F) may help allied
health care professionals control the intensity
of aerobic training better. Avoiding contact
sports and mitigating the risk of falling is highly
recommended, due to thrombocytopenia and
osteoporosis risk in order to avoid hemorrhage
and fractures respectively °. Table 8.3 shows
PA recommendations for children undergoing
HSCT based on the three interventions

8-10
d

performe and the authors’ own

experience.

PEER program/balance training
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Table 8.3. Physical activity recommendation for children undergoing HSCT

Recommendations

Objectives of PA | Conditioning, neutropenic or early post-transplant phase: maintain the
patient’s capacity to perform ADLSs.

Later post-transplant phase: enhance the patient’s health-related fitness
enabling him/her to engage in PA with his/her healthy peers without undue
fatigue.

Aerobic capacity | Frequency: at least 3 days/wk. Preferably most days of the wk.
Intensity:

v Conditioning and neutropenic phase: Low to moderate in order to
avoid fatigue and not compromise the immune system. If using HR
to control intensity, be between 50-70% of age predicted HR max.
RPE scales between 1-4.

v Post-transplant phase: start with low to moderate intensity. If patient
is not immunocompromised, he/she can slowly progress to vigorous
intensity.

Time: 10-40 min as tolerable without fatigue

Type: any activity that the child enjoys (e.g., dancing, riding a bike, playing
sports, playing active video games etc.) If a child is immunocompromised,
some activities might be discouraged by a physician, such as swimming or
sports in groups. However this is variable and consultation with the
physician at your centre should occur. Precautions should be taken if the
child has other comorbid conditions, such as GVHD, anemia,
thrombocytopenia, osteoporosis or at risk of cardiotoxicity (refer to Chapter
5).

PRT Frequency: at least 2 days a week

Intensity: 1-2 sets of 8-15 repetitions. In conditioning and neutropenic
phase, 1 set is enough. 1-2 min rest between exercises
while stretching the muscles worked.

Type: performe 6-10 exercises engaging the major muscle groups.
Alternate upper body muscles groups with core and lower body muscle
mass.

Do it as tolerable.

In conditioning and neutropenic phase, weight-bearing exercises, or just
the exercise without or at very low loads, might be enough to challenge a
patient (i.e., bed strength exercise such as bridges and knee extensions).

Fundamental Is important to work fundamental skills (e.g, running, jumping, balance, and
skills coordination) in the pediatric cancer population. Improvements in these
fundamental skills will allow them to improve their self-confidence and
facilitate the reinsertion of these children in PA with their healthy peers.

Consideration v Due to the large variability of comorbid conditions associated with
HSCT, PA has to be individualized for each child.

v" A PA plan for children undergoing HSCT should consider i) phase
of treatment, ii) treatment and side effects, iii) comorbid conditions,
iv) fatigue levels, v) immune system status, and vi) child
preferences.
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Physician clearance is always needed.

If you are working with a child during conditioning regimen, infusion
or neutropenic phase, check on the child’s status from their
physician or primary nurse before engaging them in exercise.
These phases of treatment are very challenging and the health
status of the child may quickly change

A supervised PA program is preferable at the initiation of exercise.
If the child is in the conditioning regimen or in the isolation phase,
they may be tired, have nausea, pain or/and diarrhea. Adjust the PA
to the child’s specific needs and symptoms. Some days they may
able to only do a few passive flexibility exercises in bed. Something
is better than nothing!

During the conditioning, infusion, neutropenic and early post
transplant stages, the children undergoing HSCT will have a central
line in their chest. Be sure that the central line is high and protected
before the exercise session. Avoid heat and pressure on the central
line. Avoid a exercises in which resistance is put in the chest, such
as those in which the child lies on his/her tummy.

Know the child’s preferences to create and tailor their PA.

FUN is a key factor!

Corticosteroids are widely used to treat and prevent GVHD.
Complications might alter the child’s ability to engage in PA,
including osteoporosis, osteonecrosis, obesity and muscular
atrophy. Also, mood changes may occur, therefore be prepared to
be patient.

Note. PRT: Progressive resistance training; PA: Physical activity; ADLs: Activities of daily living; min:
minutes; wk: week/s. Compiled from 4650,

In summary although research in this field is scarce, it has been demonstrated that PA is

both safe and feasible in immunocompromised patients. Due to the uniqueness of this

population, PA interventions have to be tailored and heath care professionals and allied health

care professionals should be aware of the risks and precautions in this population. All patients

should receive physician permission and clearance prior to participation.

Future Research

Due to the rarity of this procedure in pediatric populations, multisite interventions to

recruit a large number of participants are highly needed. Studying the role of PA in the recovery

of the immune system and the effect on the GVHD are encouraged.
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Research studying the effect of physical activity in children undergoing hematopoietic
stem cell transplantation is scarce, however preliminary results indicate it is feasible and
safe. Improvements in aerobic capacity, strength and quality of life have been reported.

Physical activity in this special population must be adapted to each participant’s condition,

phase of treatment and co-morbidities. It is necessary to maintain open communication

Take Home Message

with the transplant physician.

_/

7 years old cancer survivors working coordination and balance

Acknowledgment: Dr. Carolina Chamorro- Vifia was funded by Alberta Children’s Hospital, Section of
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Chapter 9

Physical Activity and Solid Tumors

Corinna C. Winter, PhD

/ Learning Objectives:

After completing this chapter you will know:

e ...common types and treatment of solid tumors in children.

\ are necessary.

o ...potential side effects of cancer and its treatment and implications for physical activity.

o ...that physical activity is almost always possible; however modifications and creativity

~

J

Introduction
Solid tumors are compact, beginning as localized tumors that derive from different cellular
origins, and are classified into benign and malignant tumors. Among the malignant tumors,
those of the central nervous system (CNS) are most common and account for 23% of
malignant pediatric tumors in children up to the age of 15. Neuroblastomas follow with 7%, then
nephroblastomas with 6%, soft tissue sarcomas with 6% and bone tumors with 5% *. Table 9.1

lists the major characteristics of the diseases .

Central nervous system tumor

Also referred to as brain tumors. See Chapter 10 for more information.

Neuroblastoma

Neuroblastomas derive from immature cells of the sympathetic nervous tissue and are

mainly located in the abdomen, the adrenal medulla or the sympathetic ganglia 2.
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Nephroblastoma

............

Nephroblastomas are also called Wilms tumor and are located in the kidneys. They

originate from embryonic primitive tissue .

Table 9.1. Disease characteristics.

Tumor Entity Symptoms Median Age | 5-year Sex Ratio
at Diagnosis | Survival (Male:Female)
Non-specific, weight loss, | 1yr 3m 59-66% 1:2
Neuroblastoma | fever, abdominal
disturbances
Palpable abdominal mass | 3yr 2m 84-90% 0:9
NephrOblastoma Fever, Vomiting’
hematuria
_ Vary according to tumor 6yr 5m 65-73% 1:2
Soft Tissue site
Sarcoma
Swelling and pain in the 11yr 6m 61-66% 1:1
Bone Sarcomas | tumor region
Loss of function
Pathologic fractures can
occur
Osteosarcoma | Major location lower 12yr Om 1:0
extremity
(knee region)
Typical tumor sites: 10yr 10m 1:3

Ewings Sarcoma

Lower extremity and
pelvis

Note. yr: years; m: months. Compiled from

Soft tissue sarcoma

T-6

Soft tissue sarcomas are a heterogeneous group of malignant tumors stemming from

muscles, vessels and nerves. For example, rhabdomyosarcoma arises from striated muscle and

is the most common soft tissue sarcoma in childhood °.
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Malignant bone tumors

Osteosarcoma and Ewing’s sarcoma are the 2 main types of bone cancers in the

pediatric population.

Osteosarcoma

Osteosarcomas are the most common malignant bone tumors and derive directly from
the bone-tissue. Osteosarcomas can originate in any bone, however they mainly occur in
regions with great growth rates (such as the methaphysis of the distal femur and the proximal
tibia). Therefore, approximately 50% are located around the knee. The upper limb is affected in

approximately 10% and the pelvis in 5-10% *°.

Ewings sarcoma

Ewing’s sarcomas: originate from mesenchymal stem cells. They very often affect
bones; 22% of tumors are located in the long bones of the lower extremity, 28% in the pelvis,

26% around the spine and the trunk and 11% at the upper extremity °’.

Common Treatments

Most pediatric cancer survivors are treated according to international treatment
protocols, which place survivors in specific treatment groups. Three primary treatment options
exist for children with cancer, including solid tumors (chemotherapy, surgery, and radiation).
Often these options are combined to ensure the best possible response to treatment *°”.

Following the diagnosis of a malignant bone or soft tissue tumor, which includes a minor
surgery to take a biopsy to confirm the diagnosis, treatment begins with 3 months of neo-
adjuvant chemotherapy. This is followed by major surgery for tumor removal. Depending on
the tumor site and size, several surgical options exist and are individually tailored to the patient.
The goal of all surgeries is to completely remove the tumor while preserving the best function
possible. For tumors located in the lower limb, the affected bone is removed and replaced by an
endoprosthesis in 85% of cases °. In some cases, amputation is necessary and a
rotationplasty can be performed. For tumors located in the pelvis, hip transposition is most
frequently performed. In the upper limb, biological reconstructions and endoprosthetic
replacements are most common °. Surgery is followed by another 6 months of chemotherapy

and where indicated (e.g., Ewing’s sarcoma), additional radiation is often given ’.
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Potential Treatment Side Effects and Implications for Physical Activity

Apart from side effects resulting from chemotherapy and irradiation, late effects of
surgeries have to be considered in survivors with a solid tumor. Compared to other cancer
entities such as leukemia or lymphomas, surgical intervention is an additional factor that may
further influence physical activity (PA) performance and functional mobility. Specifically, those
survivors with a malignant bone tumor have demonstrated significant restrictions with respect to

being physically active and may struggle
to reach highly intense activity levels '°.
This is likely due to substantial surgical
intervention, off-loading instructions and
long periods needed for recovery.
Improvements in both the amount and
the intensity of PA could still be
observed 18 months post-surgery,
indicating that it takes long periods of
Cruz, 5 years old. Cancer patient’s sibling time to recover from treatment .
Survivors after surgery for a
malignant bone or soft tissue tumor have to be looked after with special attention and patience.
In most cases, muscle tissue has to be resected and in some cases, nerves may be disturbed
or removed. These side effects of treatment result in several limitations including loss of muscle
strength, impaired range of motion, lack in coordination, and gait asymmetries '*'°. Most PA will
be more exhausting for survivors than for a normal population. For example, walking with a
prosthesis requires greater exertion '°. Immediately after surgery, survivors might have non-
weight bearing instructions and will likely need to use aids like crutches or a wheelchair for
several weeks. This obviously limits the options they have to participate in PA, and adaption of
equipment might be necessary. In general, additional creativity is needed to involve survivors in
PA and being familiar with the surgical treatment of the individual patient can help the
professional tailor the intervention to the patients’ needs. Moreover, given the risk of injury, the
risk of falls should be reduced as much as possible. Finally, in some cases, biomechanical
investigations might add valuable information about joint forces and gait patterns that would

help to develop a suitable intervention program .
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Physical Activity and Bone Tumor Research Summary

Survivors with a solid tumor have been subject to some interventional studies, however
studies investigating mixed tumor entities were primarily identified '"'°. In all the studies,
interventions were feasible ?°?'. Different interventional approaches were performed including
supervised PA programs as well as home-based and educational programs °. While supervised
interventions appeared to have more effect than non-supervised programs %°, benefits have
been observed for both *’.

Overall, positive effects have been observed for the outcomes of sleep efficiency, upper
body muscle strength and flexibility '®?2. Moreover, preliminary results have been found
suggesting the benefits of PA on the cardiovascular system, physical functioning, quality of life
(QOL), and fatigue reduction '"9%22,

To date, one study has been identified that investigated only malignant bone tumor
survivors . This study examined survivors that participated in a supervised training program
during hospital stays of acute treatment in comparison to a group without the intervention.
Patients’ PA was improved by the intervention at several time points during therapy as
compared to the control group. However, differences were not significant and decreased with

time from the end of intervention.

Physical Activity Recommendations

In general, PA is possible for every survivor with a solid tumor during almost every stage
of treatment. The Center of Disease Control (CDC) recommends 60 minutes or more of PA
every day, including aerobics as a major part but also muscle and bone-strengthening (CDC
recommendations: http://www.cdc.gov/HealthyYouth/physicalactivity/guidelines.htm) .

Interventions should be individually tailored to the survivor’s recent well-being and
possible restrictions including those imposed by surgery. Therefore, especially in the initial
phase, personalized training sessions supervised by an exercise or rehabilitation specialist may
be the best option. Later on, parental supervision or a supervised group-based community PA
program are additional options. Checking in with the medical team, physiotherapist, exercise or
rehabilitation specialist (in person, over the phone or online) to ensure the program is safe and
beneficial for the participant is very important to consider for home-based options. See

Appendix 9.A for an example of an exercise plan.
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Warm-up

Every PA session should start with 10-15 minutes of warm up. Walking or using a cross-
trainer is possible for most survivors. Cycling might be restricted due to little range of motion in
the knee joint (for patients and survivors with lower-extremity osteosarcoma). A shorter crank
could potentially help. If no force can be put on the lower extremity, hand-crank ergometers can
be used. Rowing is limited for most patients as they are either restricted in moving their

arm/shoulder in the position needed or cannot bend their knee far enough.

Aerobic training

Depending on what worked best during warm-up; the same mode of exercise can be

‘ L 7 @ "STRIE 70 B THE B

also used for the aerobic training. Starting with 10 to

15 minutes of aerobic training at the beginning, a

constant increase should be achieved to reach the
ultimate training goal. As patients transition to
survivors, it may not be possible to make extra
appointments and come to the hospital or gym to gain
the recommended daily amount of PA. Here flexible
home-based exercises like walking or cycling can be
used to achieve PA goals and might even be included
into everyday routines.

For survivors with a bone tumor water activities
are a good option as the body weight is reduced and
limbs can be moved more easily. However,
appropriate precautions such as infection risk (e.g.,

pmm——— . s immune status and wound integrity) should be
Progressive resistance training at

the PEER program acknowledged.

Progressive resistance training

Building up muscle strength is of major importance, especially in survivors with a bone
tumor in the rehabilitation process, as it assists the survivor in regaining muscle size, strength,
function, joint range of motion, as well as bone mass 2%’ Sufficient gains in strength can further
improve gait, physiological joint loading including the spine and help with reducing the risk and

consequences of falls. Independent of tumor site, a whole body program including 8 to 10
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different exercises should be performed regularly, at least twice a weak. Generally, intensities
should be adapted to the individual capabilities and be chosen according to the survivor's needs
and aims. If maximum muscle strength is of major interest, intensities should be rather high at a
smaller number of 5-8 repetitions . However, precaution should be taken with any maximal
intensity activities, such as performing them under the supervision of an exercise or rehab
specialist. Muscular endurance training is ideal to promote capillarisation and improve range of
motion. For muscular endurance training, less intensity (e.g., light loads) and more repetitions
(e.g., 15 -30 repetitions) is suitable %.

After hip-transposition, leg length discrepancies can be found in most survivors 2°. This
can lead to the development of a scoliosis of the spine. Special attention should thus be drawn
to exercising the back muscles as well as the abdominals. In survivors affected in the upper
limb, a reduced range of motion can be improved by suitable resistance PA such as rowing
exercises, shoulder rotation exercises, and latisimmus dorsi training. PA can either be
performed on resistance machines or with dumbbells, elastic bands or the body weight itself,

depending on what is available and feasible for the survivor.

Coordination training

Coordination is a skill that is related to the ability to use the senses (such as sight and
hearing) together with muscles and joints to perform motor tasks smoothly and accurately.
Therefore, coordination exercises should be an inherent part of any training program *.
Survivors have to gain trust in their limbs again which might feel completely different from before
surgery and treatment. Besides equipment like wobble boards, active computer games including
balance activities are of good use, as from our experience, survivors are distracted from the

feeling of putting too much load on the limb.

Flexibility training and cool down

Each training session should end with some stretches and relaxation. Some joints, such
as the ankle joint, might be restricted in motion due to the therapy or offloading periods *'.
These restrictions should be identified and addressed. An individually adapted active dynamic
or passive way of stretching may help to reduce these limitations * . For some patients
Proprioceptive Neuromuscular Facilitation (PNF) can be helpful, as this method is highly
functional and mobilizes patients’ untapped potential . Stretching in PNF is used as a stimulus

in order to facilitate muscle activity, and must be taught by an experience therapist **. For cool
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down, different options can and should be explored so that survivors can discover what works
best for them. Some children like to play a game (e.g., table soccer or seated badminton).

Others prefer rather quiet options like progressive muscle relaxation or being read a story.

Future Research

In patients with solid tumors, very little research has been conducted within the field of
PA interventions. The recommendations so far rely on some smaller studies, general
recommendations and expert opinion. Future research should investigate dose-response
relationships, underlying mechanisms and effects on different organ systems as well as mental
health. The influence of tumor site and surgical procedures should be investigated in more detail
as they play an important role in planning and conducting PA interventions. Much is left to be
understood about what works best for which patient group and what works best at which stage

of recovery.

/ Take Home Message

Patients and survivors with malignant solid tumors are a population with unique

needs. They have to be looked after with special attention and patience. However,
some form of physical activity will almost always be possible in this group. The
greatest limitations result from the effects of surgery. We would encourage anyone
working with these patients/survivors to speak to the surgeons and physiotherapist
who care for the patient/survivor and adapt physical activity interventions

accordingly. Improvements might appear small in the beginning, but it is worth the

effort as patients’ report improving many months after surgery. /
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Appendix 9.A

A Practical Example: Case Report

Characteristics of the Patient:
v' Age/Sex: 13 year old female
v' Diagnosis: Osteosarcoma of the left distal femur
v/ Stage of treatment: Adjuvant chemotherapy, 4 weeks post surgery
v" Anthropometrics:
v' Endoprosthetic replacement of the knee joint
v" Knee flexion: 65°
v' Partial off-loading instruction
Characteristics of the Program:
v" Individualized program

v Performed daily during in-patient stays

Objective Example

Cycling with a shortened crank (as the
Warm-Up patient had limited knee flexion) or hand

. . crank ergometer.
Duration: ~10 min

Intensity: RPE 3-4

_ Improving strength and bone Crunches
Resistance density. 2-3 sets of 10
Training Back Extensions
2-3 sets of 10
Variations: Standing position, bent forward

. Rowing
Duratlo.n. ~ 25 2-3 sets of 10
min .
Bicep curls
Intensity: RPE 6-7 2-3 sets of 10

Triceps extensions

2-3 sets of 10

Leg press

2-3 sets of 5-8

Variations: (single leg) squats
Affected limb: unloaded knee-bents
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Hip Adduction

2-3 sets of 5-8

Variations: cushions proximal to the
prosthesis

Aerobic Training

Duration: ~15-30
min

Intensity: RPE 5

Improving endurance.

Increase heart rate above

resting. Ensure the ch

ild is

able to maintain conversation
(able to talk) while exercising.

Hand-crank ergometer.

Flexibility
Training

Duration: ~5 min

Intensity: RPE 2

Improving range of motion

Unloaded and assisted knee bends, Ankle
dorsiflexion stretches, Sit and reach.

Cool down
Duration: ~5 min

Intensity: RPE 1

Preparing to cool-down and
return to quiet activities.
Return the heart rate to

baseline/resting.

Table Football or seated table
tennis/badminton.

Note. min: minutes; RPE: Rating Perceived Exertion Scale,

from 1-10). See Appendix F for RPE Scale.
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Chapter 10
Physical Activity and Late Effects of Treatment for Childhood

Brain Tumors

Iman Sahnoune, BSc & J. Leigh Leasure, PhD

/ Learning Objectives: \

After completing this chapter you will know:

e ...the current literature in pediatric brain tumors and the long-term, detrimental effects
of common treatments.

e ...neurocognitive and quality of life outcomes in the pediatric brain tumor survivor
population.
e ...physical activity may be a potential treatment as it relates to brain health after a
\ malignancy. /
Introduction

Cancers of the brain and spinal cord are the most common solid tumors in children,
accounting for almost 30% of all childhood cancers " 2. In recent years, the proportion of cancer
deaths due to brain and other central nervous system (CNS) tumors has increased from
approximately 18% to 26% from 1975 to 2006 >. Fortunately, with the advent of novel

( technologies and treatment

Brain Tumor methods, survival rates exceed
A brain tumor begins when normal cells in the brain change

o .
and grow uncontrollably, forming a mass. A brain tumor can 70% across children and young
be low grade (generally not cancerous and slower growing)

: , _ adult age groups "*.
or high grade (more likely to grow and spread quickly). The

level of impact of a tumor is commonly evaluated through its Although survival rates
type, location in the brain, size, and stage of development. . . litv of lif
In general, primary brain tumors, meaning those that start in are increasing, quality ot lite

the brain, do not spread outside of the CNS.

(QOL) in survivors is not. An
estimated 40-100% of pediatric
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brain tumor survivors experience deficits in cognitive function . Frequently, these cognitive
late effects emerge months or years after treatment, and lead to profound cognitive, social and
physical impairments " °.

Many factors influence neurocognitive functioning in children with brain tumors.
Because of the vulnerability of the developing brain, age of diagnosis and treatment heavily
influences the severity of future neurocognitive dysfunction - the younger the child, the greater
the dysfunction "> °. Gender is also an important determinant of future neurocognitive
impairment, with girls being more affected than boys " 8. Tumor size and location are major

factors in neurocognitive outcome. Cortical tumors tend to result in more cognitive late-effects

than, for example, 3™ or 4" s

ventricle tumors, 2 while left Central Nervous System Tumor

A CNS tumor begins when normal cells in the brain or the

hemisphere malignancies have ) .
spinal cord change and grow uncontrollably, forming a mass.

the largest prevalence of A tumor can be benign (noncancerous) or malignant

. . (cancerous, meaning it can spread to other parts of the
cognitive impairment due to the body).
relationship to language and )

complex processing °. Finally, the size of the area of affected tissue and dose of radiation also
play integral roles in cognitive outcome (refer to Figure 10.1 for a visual representation of the
lobes of the brain) °.

Figure 10.1. Lobes of the human brain and their functions.

Parietal Lobe
Pain and Touch Sensation
Information Processing

Cognition

Frontal Lobe
Higher Order Functioning
Impulse Control

Memory

Occipital Lobe
Visual Perception

Temporal Lobe
Auditory Perception
Language/Speech
Memory

Cerebellum
Balance
Coordination

Chapter 10
164



...............................

Effects of Common Treatments

The most common treatments for brain tumors are surgery, cranial radiotherapy
(CRT), chemotherapy, and combination therapy. Because of its devastating long-term
consequences, CRT is used for tumors that are not surgically accessible or which constitute too
great a surgical risk. CRT works by killing dividing cells, which effectively eradicates tumors.
Neurons do not divide, and so are not directly impacted by CRT. However, CRT does destroy
the brain’s actively dividing stem cells. Since these stem cells ultimately become glia and blood
vessels °, which collectively form a network that supports neuronal health and function ™2,
CRT indirectly impacts established neurons. Moreover, in the hippocampus (a brain region
important for learning and memory) neural stem cells are able to develop into neurons ', a
process called hippocampal neurogenesis. Analysis of post-mortem tissue following cancer
treatment shows almost complete ablation of hippocampal neurogenesis '*, which likely

contributes to the cognitive impairments observed in survivors ™. Refer to Figure 10.2.

Figure 10.2. Brain irradiation in rats leads to nearly complete ablation of cell proliferation.

Note. Panel A shows a brain section from a normal rat
hippocampus. The small black cells are positive for Ki67, a

protein expressed during cell division.

Note. Panel B is a section of hippocampus from a rat treated
with 20 Gy of radiation. There is no evidence of cell

proliferation.

A wide range of cognitive functions are impacted by brain tumors and treatment,
including executive function, working memory, visuo-spatial abilities, processing speed,

language, and attention %'

, all of which may contribute to the well-established finding of
reduced intellectual quotient (IQ) score """°. For example, survivors treated with either a
combination of radiation therapy and surgery, or the same plus chemotherapy, were found to

have deficits in visuo-spatial capabilities, processing speed, and attention and most of these
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effects did not manifest until 3-5 years after treatment °. The significant decline in attention
renders pediatric brain tumor survivors less able to make age appropriate developmental gains
®_ It is important to note that cognitive decline in children recovering from brain tumors is not
necessarily due to a loss of knowledge, but rather to a decreased rate of learning 2. This
distinguishes the cognitive late effects of pediatric radiotherapy from conditions such as
dementia, in which there is diminished function. This decreased rate of learning suggests that
more time may be required for children recovering from brain tumors to catch up to their peers
10

In addition to these cognitive effects, survivors of pediatric brain tumors often suffer
personal outcomes that can further lower QOL. One study reported that only 30% of 10-year
survivors of medulloblastoma were able to drive, live independently, or find employment *®,
while another found that 78% of brain tumor survivors had never married, with women at a
particular risk for lower rates of marriage than men '’. These after-effects of pediatric brain
tumors are long lasting and can severely impact the QOL of survivors years to decades after
diagnosis. This necessitates an intervention that can combat these detrimental neurocognitive
deficits and enhance outcomes in all domains over time.

To summarize, although pediatric brain tumor survival rates are increasing due to
efficacy of treatments, it is important to remember that these treatments are not without their
drawbacks. Whether it is cranial radiation therapy, chemotherapy, or a combination, there are
always a number of variables at play, and no two survivors will have the same outcome. This
makes finding an effective intervention absolutely essential. We focus on the potential of
physical activity (PA) as a strategy to combat the cognitive late effects of pediatric brain

cancer treatment.

Treatment effects and their implications for physical activity

PA has arisen in recent times as a potential therapy to mitigate the deleterious effects of
brain tumors in pediatric populations. Survivors of pediatric cancer have been found to be at a
higher risk of developing sedentary lifestyles, due to treatment-induced fatigue,
cardiorespiratory problems and muscular deconditioning, and inactive children are likely to
become inactive adults "®%°. Through its effects on neurogenesis and cognition, there is
evidence for the use of PA to remediate and possibly reverse deficits sustained from pediatric

brain cancer treatment.
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PA increases proliferation of neural stem cells, an effect that would directly counteract
the suppressive effect of cancer treatment. In a number of studies, it has been evidenced that
PA increases hippocampal neurogenesis and enhances the microvascular environment %
Additionally, it has been found that PA up-regulates brain processes associated with
neuroplasticity, promotes synaptic plasticity, and increases gray matter in frontal regions and
the hippocampus 2%,

PA has been shown to enhance a variety of cognitive functions, including those most
impacted by cancer treatment, such as executive function ?® °. This is important to pediatric
brain tumor populations, since attention is one of the most common neurocognitive deficits that
occurs after treatment, with the potential to detrimentally affect academic achievement '. Meta-
analytic evidence indicates that PA in children yields a significantly positive impact on academic
achievement and cognitive outcomes, and that aerobic activities provide the largest impact *°.
Importantly, it was found that elementary-age children were found to have the largest cognitive
benefit from PA, with the effect decreasing as the age group advanced. This is a relevant
finding, as PA can potentially be introduced to school-age children diagnosed with brain tumors
as a therapy, and the regimen modulated as age increases for enhanced benefit. Another
finding in the meta-analysis supports that children who were cognitively impaired or physically
disabled profited more from PA than children without impairments. This coincides with findings
that suggest that young adults lowest in working memory may have the most to gain via PA
manipulations and that PA may be most beneficial for healthy adults in whom cognitive
performance is lowest *'.

In addition to providing neural benefits, PA could counteract chronic conditions that arise
from cancer treatment, such as impaired pulmonary and cardiac function *? (refer to Chapter 5
and 6). PA may also ameliorate depression, anxiety and other emotional sequelae.
Unfortunately, treatment-induced fatigue, cardiorespiratory problems and muscular
deconditioning tend to promote sedentary habits during treatment that linger into adulthood, with
the result that childhood cancer survivors are much less physically active than their healthy
peers 233 Recent studies suggest that physical fitness is an achievable goal for childhood

32,35

cancer survivors , and adds to the wealth of evidence substantiating the potential of PA to

greatly benefit them.
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Physical Activity Research

Animal-model research: Key points

v" Animal models provide a useful means by which to assess the efficacy of intervention
therapies on the cognitive effects of cancer treatment (see *° for review).

v In human populations, deficits in executive functioning and attention are commonly
reported in survivors of pediatric brain cancer.

Thus, our group has been focusing on a rodent model of attention deficits following
cranial radiation ***". The 5-choice serial reaction time task assesses visual attention and other
frontal lobe-mediated processes in the rodent, including processing speed and impulsivity *.
Refer to Figure 10.3.

We have found that young animals that underwent cranial radiation (a fractionated dose
of 20 Gy) require significantly more trials to reach criterion in more difficult stages of training,
compared to non-irradiated controls. This acquisition deficit is seen 3 months post-radiation
(comparable to several years for a human), and thus mimics late-appearing cognitive effect

seen in children treated for pediatric brain cancer **. Refer to Figure 10.4.

Figure 10.3. Diagram of the testing chamber and measures obtained for the 5 Choice Serial

Reaction Time Task.

1 2 3 4 5
[

Incorrect Correct Omission Note. The animal must monitor the 5
_ Nose poke in Nose poke in No response apertures for the presentation of a light
mcorarez‘:ﬂ:ulus C°":C;::L'J:’;“'”5 to ST'T”'”S stimulus and then nose-poke into the hole in

P pert aperture which the stimulus was presented. Correct

Premature Perseverative responses are rewarded by a food pellet
Notse |:_okelprior re;"‘z':islz':to dispensed into the magazine at the rear of the

o sTimulus

initiation sEmqus chamber.

Food Magazine
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Figure 10.4. 5 Choice Serial Reaction Time Task training phase: trials per stage.

Trials per Stage

1200
B radiated
1000
B sham
P 800 +
8
= 600
400

“ Ml ua B i

Stage 1 Stage2 Stage3 Stage4  Stage 5

o

Note. Radiated animals take longer to learn the 5 Choice Serial Reaction Time task (N=21, RT=10,
SHAM=11). In later (more difficult) stages of training, radiated animals require significantly more trials per
stage, compared to controls.

Future Directions

The next step is to determine whether PA can ameliorate the impairments observed in

28, 39’ we

frontal lobe functions. As PA has been shown to enhance plasticity in the frontal lobes
anticipate that the executive function impairments we have observed in the 5 Choice Serial
Reaction Time Task will be ameliorated by PA. It is necessary to determine whether PA has an
adequate neural substrate on which to work. One well-established effect of PA is its ability to

24,25 3 result that depends upon the brain’s capacity

induce the formation of new blood vessels
to produce new endothelial cells. As cancer treatment decreases the brain’s pool of stem cells,
the ability of PA to create new vessels may be limited. It is possible that the effects of PA would
be dampened in brains that have been treated with CRT or chemotherapy, and that PA would
therefore have limited value as a stand-alone treatment. PA may be a particularly useful
combination therapy. For instance, stem cell replacement shows promise in the irradiated
rodent brain *°, and may eventually be possible in humans. PA could help to enhance the

proliferation and survival of implanted stem cells.
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f Take Home Message

The long-term effects of treatment for pediatric brain tumors can be
devastating. At present, there is no effective therapy to alleviate these
long-standing impairments and lowered quality of life. Physical activity

represents a promising, inexpensive, and easily accessible way to

promote brain health, and may prove an effective means, alone or in

/

combination, by which to ameliorate the cognitive late effects of

pediatric brain tumor treatment.
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Chapter 11

Physical Activity and the Palliative Stage of Treatment

Melanie Keats, PhD & Hillary Woodside, MSc

/ Learning Objectives:
After completing this chapter you will know:
e ...various terminologies used in addressing non-curative cancer care.

~

o ...the physical and psychosocial benefits of physical activity for the non-curative cancer

patient.

o ...the specific considerations when designing a physical activity program for pediatric,

\ adolescent, and young adult non-curative cancer patients.

J

Introduction

With advancing research and ever-changing methods of therapy, an array of vague and
often overlapping post-diagnostic terms has emerged. To better understand the current gaps in
non-curative cancer care, we must first clarify what is meant when we talk about non-curative,
palliative, advanced, terminal, and end-of-life cancer. By recognizing the distinct characteristics
of the above phases of cancer care, we will be better able to tailor treatment plans for these
specific and critical times in the patients’ cancer journey.

Patients who have been diagnosed with a non-curative cancer have a form of cancer
where a procedural cure has yet to be identified . Individuals who fit this category are typically
referred to palliative care. Although their cancer cannot be cured, palliative care teams work to
assist in pain and symptom management. Palliative cancer care as defined by the World
Health Organization, involves an approach “that improves the quality of life (QOL) of patients
and their families facing the problem associated with life-threatening illness, through the
prevention and relief of suffering by means of early identification and impeccable assessment
and treatment of pain and other problems, physical, psychosocial and spiritual” *.

The remaining terms are used to characterize the stage of the patients’ cancer, typically
referring to their estimated survival length (e.g., time of diagnosis until death). The use of the

term, “advanced cancer”, identifies those individuals who typically have an incurable cancer *
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Advanced cancer may also be referred to as terminal cancer, which too identifies that the
patient has a cancer that is unlikely to be cured. The last and final stage of the cancer
continuum is end-of-life (EOL). EOL care is a part of palliative care that involves providing
comfort care to individuals who are facing immanent death *“. Throughout the remainder of this
chapter, the all-encompassing term non-curative will be used when presenting the different
physical activity (PA) options for individuals who have been confronted with a non-curative

diagnosis.

Rationale for Physical Activity and Non-Curative Cancer Care

Medical and technological advancements have been able to improve the survival length
of individuals diagnosed with a non-curative cancer °. With an increased survival length,
maintaining the functional fitness of the pediatric, adolescent and young adult (AYA) cancer
patient should be top priority. With this approach in mind, we can assist in helping to optimize
QOL of those with a non-curative diagnosis.

PA is an increasingly popular adjunct therapy that is enabling adult non-curative cancer
patients to continue their activities of daily living. The inclusion of PA into the overall supportive
care plan for non-curative cancer patients maintains or enhances QOL because it lessens the
physical and psychological symptoms related to the disease (e.g., nausea, fatigue, shortness of
breath, muscle wasting) ®’. With these symptoms reduced, non-curative cancer patients are

able to maintain their independence and autonomy for a longer period of time.

f Quick Facts

v' Cancer is the second leading cause of death in pediatrics ® and the number one cause of
disease-related death in AYAs 8.

v"In Canada, 18% of children and 15% of AYAs will not survive 5 years after their cancer
diagnosis  '°.

v" Although medical advancements have improved survival length, QOL of the AYA has not
improved relative to the pediatric and adult populations *. )

Regrettably, no empirical studies to date have explored the role of PA for the pediatric
and AYA non-curative cancer patient. With a lack of data in younger populations, we look
instead to the PA recommendations emerging from the adult non-curative cancer literature. The

following sections of this chapter will highlight the benefits of PA for non-curative cancer
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patients; what types of PAs are useful for non-curative cancer patients; and will conclude with

suggestions as to how the PA programs can be delivered.

Benefits of Physical Activity for Non-Curative Cancers

Understanding the benefits of PA for the adult non-curative cancer patient is challenging

due to uncertain disease trajectory and high rates of attrition. Nonetheless, studies report that

PA for non-curative cancer patients is safe, feasible, and demonstrates QOL benefits

Lowe et a

l. 12

6,7,11-13

examined PA for the adult non-curative cancer patient and found that 92% of

patients would be interested in and felt able to participate in a PA program. Even with a 3-12

month life expectancy, non-curative cancer patients who participated in a PA program reported

positive results on fatigue and emotional well-being ' Table 11.1 highlights the physical and

psychosocial benefits of including a PA into the overall treatment plan for the adult non-curative

cancer patient. These benefits have been reported from time of diagnosis up until EOL.

Table 11.1. Physical and psychosocial benefits of adult non-curative cancer patients’

participation in PA programs.

Physical Benefits

Psychosocial Benefits

D N N N N N N

AN

v

Reduces nausea

Improves sleep

Reduces perception of dyspnea
Reduces cancer-related fatigue
Reduces pain

Maintains muscle strength and
endurance

Maintains range of motion

Maintains capacity to do activities of
daily living

Stimulates appetite

Maintains dignity and autonomy
Provides sense of wellness

Allows for regaining sense of control
over body

Provides distraction from disease
Decreases sense of burden on family

Maintains cognitive and social
functioning

Increases positive mood and higher
levels of perceived self-efficacy

Improves QOL

Note. Compiled from

176

5,7,12,14-16
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Types of Physical Activities for Non-Curative Cancer

Pediatric and AYA patients represent a demographic that have unique developmental
needs. For example, AYA cancer survivors have expressed PA preferences that offer an
opportunity for social interaction, promote peer support, and are technology-based — permitting
the activity to be accessed from a distance '’. Given the dearth of research, it has yet to be

determined if those with a non-curative diagnosis will express these same preferences.
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Liam, 5 years old. Cancer survivor.

However, when examining the types of activities that adult non-curative cancer patients
enjoy participating in, home-based activities such as walking, cycling and yoga have been
successful activities for this population """ ™ ' For example, Lowe et al. ' examined an
individualized, home-based, functional walking program for patients diagnosed with an incurable
cancer (e.g., gastrointestinal, lung, primary unknown, head and neck, malignant melanoma,

anaplastic oligodendroglioma) receiving palliative care. Although only three of the nine
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participants were able to complete pre and post assessments, trends towards improved QOL
were reported ''. The authors also highlighted that over time, participants’ fatigue scores
worsened, but it was difficult to determine whether that was due to the advancing cancer or the
walking program .

A recent study by Henke et al. ” facilitated a supervised, randomized controlled trial to
examine whether an individual strength and endurance training program on 29 palliative lung
cancer patients (18 received intervention, 11 received standard care) receiving chemotherapy,
could improve QOL and help to maintain independence. They found that palliative lung cancer
patients who participated in endurance and breathing exercises 5 days per week, and strength
training every other day, were able to produce statistically significant differences in QOL,
strength, and endurance maintenance when compared with the control group ”. Most notably,
the walking, stair climbing, and elastic band strength exercises used in this study, were able to
minimize muscle atrophy, and allow the palliative lung cancer patient to maintain their functional
capacity.

Similarly, Oldervoll et al. ™* implemented a randomized controlled trial of PA for incurable
cancer patients (30-86 years of age) who were receiving palliative care. They found that upon
examining 231 cancer patients with a life expectancy less than two years (121 assigned to an
PA group and 110 under usual care), the PA group who completed two supervised PA sessions
per week for 8 weeks (50-60 minutes in duration), were able to maintain their functional well-
being, as well as decrease fatigue and sleep problems.

|. '® performed an 8-week, group yoga intervention (i.e., postures,

Lastly, Carson et a
breathing exercises, and meditation), for 13 women (44-75 years of age) with metastatic breast
cancer (on/off treatment or cancer returned). The researchers chose yoga as their intervention
as it has both a mind and body component, thus potentially contributing to longer lasting positive
effects on QOL . Living moment-to-moment was a key focus for this intervention, highlighting
that increased patient acceptance would lead to reduced stress and increased relaxation ™.
With this 120-minute yoga session, participants attended on average, seven of eight sessions in
the group setting and were encouraged to practice yoga for ten minutes/day at home.
Participants reported feelings of invigoration, acceptance, and reduced cancer and treatment-

related symptoms with longer times spent in yoga practice '°.

Chapter 11
178



...............................

Physical Activity Recommendations for Pediatric, Adolescent, and

Young Adult Non-Curative Cancer Patients

In order to address the unique physical and psychosocial needs of the pediatric and AYA
non-curative cancer patient, PA must be age-specific '°. Offering home-based activities allows
the pediatric and AYA non-curative cancer patient a familiar space where the PA can be done
with friends or family. This might allow the pediatric and AYA non-curative cancer patient an
opportunity to engage in more meaningful interactions with their friends and family during this
challenging time. Furthermore, home-based programs decrease PA participation barriers, such
as participation costs or travel time/expenses ''. It also allows the pediatric and AYA non-
curative cancer patient the ability to control when and how they engage in PA. By use of popular
social media and regular off-site supervision of the patient’s weekly PA participation, health
professionals can connect with patients on a level/platform that is socially acceptable and age
appropriate, thus providing the foundation for adherence to a PA program, even with a non-
curative cancer diagnosis.

With regards to PA prescription, the pediatric and AYA, compared to the older non-
curative cancer patients, have fewer co-morbidities '’. This suggests that the younger cohort of
non-curative cancer patients may be able to engage in a wider range of PAs, potentially at
higher intensities. As this area of research remains unexplored, it is recommended that all
patients begin with a light PA program that fosters safe and tolerable levels of activity. Activities
such as walking, yoga, and cycling are accessible and easily adaptable, and can be done
anywhere, with anyone, and at a self-identified duration. The main goal of a PA program for the
pediatric and AYA is not only to maintain functional fitness, but to create an atmosphere of
normalcy %. With this approach in mind, we are able to attend to the holistic physical and
psychosocial of the pediatric and AYA non-curative cancer patient, thus improving or

maintaining QOL, despite chronic deconditioning.

Conclusion

Although there is no literature regarding PA prescription for pediatric and AYAs
diagnosed with a non-curative cancer, PA has been shown to improve both physical and
psychological cancer-related symptoms without any reported adverse events in the adult non-
curative population " '* . It is also important to note that adult non-curative cancer patients
appear both willing and able to participate in PA within a group setting or at home. While a

variety of options are available, activities that have been well adhered to in the adult non-
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curative population include walking, strength training, endurance training, and yoga " % '°.
These activities have been successful because they are low cost; they can performed
anywhere, and with anyone. Although no concrete PA prescription guidelines exist for the non-
curative cancer patient, it is important that the activity be tailored to the individual’s interests and
abilities *.

/ Take Home Message

Based on the success of physical activity in adult non-curative patients, it would

seem fitting to explore the effectiveness of physical activity for pediatric and
adolescent and young adult non-curative cancer patients. It may assist in
maintaining their functional mobility and health-related fitness, resulting in greater
autonomy and improved quality of life. Although no research has been published to
confirm these benefits, related literature from the adult non-curative cancer patient

population provides an encouraging foundation for future physical activity research

in this population. /
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Chapter 12
Assessment tools used in the physical activity and pediatric

cancer literature

Carolina Chamorro-Vifa, PhD; Julia Beulertz, PhD candidate; Amanda Wurz, MSc,

Corinna C. Winter, PhD & Fiona Schulte, PhD

{ Learning Objectives \

After completing this chapter you will know:
e ... which measurement tools have been used in physical activity interventions
with pediatric cancer populations.

e ... the administration time, important considerations, and useful links and/or

\ resources containing additional information for each tool. /

Introduction

This chapter seeks to summarize and present the tools that have been used with
pediatric cancer patients in physical activity (PA) interventions assessing the outcomes of: i)
guality of life (QOL), ii) fatigue, iii) physical activity levels, iv) physical function, v) aerobic
capacity, and vi) muscular strength/endurance.

The limited literature in pediatric cancer and PA, and the wide variability of the tools
used to assess outcomes, makes it increasingly difficult to compare the results from different
interventions. The ability to draw conclusions about the efficacy of PA in some areas is therefore
hindered. The objective of this chapter is to provide health care professionals and allied health
care professionals with a brief overview of the tools that have been previously used in order to
assist them when selecting tools for their research or clinical practice. It is hoped this will result
in more trials using similar outcome measures, so that future systematic and meta-analytic

efforts may draw stronger conclusions regarding the effectiveness of PA in this population.
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Methodology

This review is limited to experimental, quasi-experimental or study protocols of PA in
children diagnosed with a primary pediatric cancer under the age of 18 years. The intervention
studies described in this review had to include the assessment of one or more of the following:
aerobic capacity, strength, motor performance, functional mobility, PA levels, QOL and fatigue
after a PA intervention. Through January 2014, databases were searched by 2 independent
researchers (CCH, AW): PubMed, Medline, Cochrane, SportDiscus and Embase. Search terms
included a combination of population (pediatr* OR paediatr* OR child* OR adolescent OR
youth) AND indication (cancer OR neoplasm OR oncology OR leukemia), intervention (physical
activity OR activity OR exercise OR yoga OR walk* OR sports OR fitness OR flexibility OR
strength) Additional studies identified through Google scholar and/or reference lists of selected

papers were included.

21 22-26

A total of 21 intervention studies "' and 5 protocol studies were included in this
review. The inclusion criteria were: 1) > 50% of the sample between the age range: 0-<18
years, 2) human subjects, 3) participants with a diagnosis of cancer (patient or survivor), 4) full
text, 5) written in English, 6) assessing one or more of the main outcome variables described
above. As part of our exclusion criteria, we did not include any manuscript that did not have a

PA intervention even if it met other inclusion criteria.

Results
A total of 8367 studies were identified. Based on inclusion and exclusion criteria, 26

studies with a total of 466 participants were included for review. Table 12.1 presents a synthesis
of the studies. The remaining tables provide further information on the tools used to assess the
outcomes of interest:

e Table 12.2 QOL

e Table 12.3 Fatigue

e Table 12.4 Physical activity levels

e Table 12.5 Functional mobility

e Table 12.6 Motor performance.

e Table 12.7 Aerobic capacity

e Table 12.8 Strength/endurance
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Conclusion

The effect of PA interventions on the recovery of children affected by cancer is an
emerging field of research. As described in this chapter, a wide variety of assessment tools
have been used to describe the outcomes of PA interventions in pediatric oncology. Because of
the inherent difficulties conducting research in this field (e.g., small population, difficulties with
recruitment), it is recommended that researchers strive to use similar assessment tools in order
to facilitate the comparison and interpretation of data across PA interventions in an effort to
better ascertain the effectiveness of PA in this population. That being said, we recognize that
the use of the same assessment tools is not always feasible, and that the selection is
associated with a myriad of variables (e.g., budget availability, researchers previous
experiences and beliefs, time to conduct the assessment, equipment available, age of
participants, language, etc.). It is hoped that this chapter provides useful information and helps

future researchers when making their tool selection.

/ Take Home Message

The variability of measurement tools used in physical activity interventions with
pediatric cancer populations makes it difficult to compare results across studies.
We have provided a brief overview of the assessment tools used to date. Further

we outline the administration time, important considerations, and useful links
and/or resources containing additional information for each tool. We hope that this

summary will aid researchers and professionals when choosing their assessment

_/

tools for future clinical and research work.
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Chapter 13
Prototype of Sustainable Community-Based Physical Activity

Programs

i) Carolina Chamorro-Vina, PhD; Lauren Capozzi, MD/PhD Candidate & S.
Nicole Culos-Reed, PhD: Pediatric cancer patients and survivors Engaging
in Exercise for Recovery

ii) Travis Gallagher, Athletic Trainer & Anastasia Fischer, MD: Play Strong

iii) Carmel Nottle, Accredited Exercise Physiologist

Learning Objectives:
After completing this chapter you will know:

o ... the required and desired qualifications for fitness professionals to run a community

based-exercise program for childhood cancer patients and survivors.

o ... the importance of knowing the participant’s current medical health status and
history.

o ... the importance of communicating with participant’s physician.

e ... the importance of involving the parents in the rehabilitation process.

e ... that enjoyment and confidence when performing physical activity are important

outcome measures, in addition to fitness gains, for children in relation to long-term
participation in physical activity.

e ... the need for individually designed physical activity programs, even for programs
delivered in a community based group setting, to ensure maximal participant

satisfaction and fithess related outcomes.
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Introduction

The expanding body of evidence supporting physical activity (PA) for pediatric cancer
survivors warrants the development of both clinic and community-based PA programs
specifically designed for this population. As indicated in Chapter 2, PA plays an important role in
patients and long-term survivors, encompassing both physical and psychosocial rehabilitation
goals. It is evident that PA can potentially positively impact the functional, psychosocial, and
disease-related outcomes of the cancer experience . Thus, it is necessary to highlight the
importance of translating this existing PA and cancer knowledge into sustainable and accessible
community-supported patient programs >*.

Unfortunately, there remains a gap between our current level of PA evidence and what is
put into practice. Despite these challenges, clinic and community-based PA programs are
actively running around the globe. By offering PA programming on a consistent basis, it may
addresses this current gap in knowledge translation and has the potential to contribute to
improved PA adoption and adherence rates among pediatric cancer survivors *°.

Three leaders in pediatric oncology PA programming are highlighted in this chapter.
Each section will review the specifics of program development, facilitation and coordination of
program delivery, participant characteristics, and overall sustainability, including ongoing
barriers, program limitation, lessons learned, and future steps. The three programs to be
examined are: 1) Pediatric cancer patients and survivors Engaging in Exercise for Recovery
(PEER), 2) Play Strong and the 3) University of South Australia and Little Heroes Physical
Activity Program.
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Pediatric cancer patients and survivors Engaging in Exercise for

Recovery

Program Development

Utilizing the existing four key pillars of the Thrive Centre model (a free fitness facility
center for adults cancer patients and their support people) (see Figure 15.1), including 1)
evidence-informed, 2) volunteer-run, 3) community-based, and 4) sustainability, the PEER
program for pediatric cancer patients and survivors was developed in May 2012 in the Health
and Wellness Lab, University of Calgary, Canada. This program was developed by a
multidisciplinary team of cancer and exercise specialists, certified exercise physiologists,
oncologists, psychologists and physiotherapists from the Health and Wellness Lab in the
Faculty of Kinesiology and the Alberta Children’s Hospital, based on the best research evidence
available. PEER is an innovative fithess program that aims to empower and improve the
quality of life (QOL) for children affected by cancer. The program provides a safe and
supportive exercise environment for pediatric cancer patients, survivors and their siblings.

The Health and Wellness Lab partnered with the Kids Cancer Care in April 2013. To our
knowledge, this community-based exercise program is the first exercise program developed in

Canada for children with cancer.

Running and Supervision of the PEER Program

The PEER program runs a group exercise session for 60 minutes once a week, that is
tailored to the special needs of each participant. Kinesiology student volunteers are responsible
for facilitating the sessions, based on a predetermined curriculum (see Appendix 13.A for
curriculum and a session example). The design of each program for the cancer
patients/survivors is approved by a pediatric cancer and exercise specialist or a certified
exercise physiologist (CEP) prior to the session. While the volunteers lead the session, a CEP

or a pediatric cancer and exercise specialist is also in attendance to ensure the safety of all
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participants. All participants are required to receive physician clearance before participating (see
Appendix H). Furthermore, parents are required to complete a detailed medical history form for
their child (see Appendix G). The medical history form asks about: cancer type, disease status,
treatment (received/ongoing) and side effects. Communication with the participants’ physicians
and physiotherapists is a key factor in PEER and is fundamental to ensure the safety and

individualization of the program.

Figure 15.1.The Thrive Centre Model: A Free Fitness Centre for Cancer Survivors
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Volunteer training requirements

The PEER volunteers must meet the following criteria:
v'Be a Thrive Centre volunteer for a minimum of one semester (four months) prior
to applying.
v'Have completed the Thrive Center General volunteer training. The Thrive Centre
training is designed to prepare volunteers with the necessary background
knowledge to be comfortable and competent in their responsibilities. Volunteers
are educated on cancer and related treatments, common side effects

experienced by cancer survivors, and the latest cancer and exercise
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researching findings. They are then exposed to a practical learning session
outlining their specific Thrive Centre gym supervision roles, responsibilities,
and their scope of practice. Volunteers are provided with a cancer and exercise
training manual and are required to pass a short exam before volunteering in
the Thrive Centre. Each year, volunteers are required to attend a three-hour

refresher training.

v'Have Thrive Center Pediatric-Oncology specialization training. The pediatric

oncology specialization training is a nine-hour training delivered by a
multidisciplinary team comprised of oncologists, psychologists,
physiotherapists, CEPs and cancer and exercise specialists. This training
provides the volunteers with the tools necessary to tailor exercise sessions
(dependent on age, cancer diagnosis, treatment stage, comorbid conditions,
psycho-social variables). The POEM manual and handout materials have been
developed for this training. A refresher training session is also offered to these

volunteers each year.

v'Have rubella and chickenpox immunization records.

v'Have a criminal record check.

The two last additional criteria are in place at the ACH. We chose to implement these

criteria to ensure our PEER volunteer requirements aligned with current safety protocols of the

hospital.

Program Description

PEER program goals are to:

v
v

v

Improve physical literacy in children affected by cancer and their families.
Promote an active lifestyle in order to decrease the risk of acquiring other
chronic diseases resulting from the perpetuation of a sedentary lifestyle,
promoted by cancer and its treatment.

Restore healthy levels of muscular strength, muscular endurance, aerobic
capacity and flexibility.

Improve QOL, body image and self-confidence and decrease levels of fatigue.

We are in the process of redesigning the PEER program based on what we have

learned over the past 2 years. One of our main limitations in running the program has been the

wide range of ages. Thus, we now split the PEER program into two groups: (a) 5-13 years and

(b) 14-18 years.
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Even though both groups share the same space, they perform different
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activities. Occasionally they participate in some activities together such as warm up, cool down
or games.

Because teenagers are affected mainly by bone tumors and they all have different
expectations, preferences, barriers and motivational factors, we have developed specific PA
programs for each teenager. This tailored approach allows each teenager to reach their goals,
meet their needs and overcome their barriers to being active. At the same time, the PEER
program offers the opportunity to socialize with other adolescents undergoing a similar
experience. The CEP or cancer and exercise specialist conducts an initial interview with each
teenager and their parents where they review, exercise preferences, barriers, motivational
factors, treatment received and related side effects, disease status, and fatigue. After the
interview, the CEP or cancer and exercise specialist designs a unique PA program for each
teenager. The volunteers are then able to deliver a tailored PA program for the teenagers in
each PEER session. The PA program is adjusted when needed in order to maintain high

motivation and health-related fitness improvements.

. . For the age group
Physical Literacy
Individuals who are physically literate move with .between 5-13 years old, \fve are
competence in a wide variety of physical activities that in the process of completing the
benefit the development of the whole person. Physically development of a full curriculum

literate individuals consistently develop the motivation and
ability to understand, communicate, apply, and analyze
different forms of movement. They are able to
demonstrate a variety of movements confidently, module will contain 12-14
competently, creatively and strategically across a wide
range of health-related physical activities. These skills
enable individuals to make healthy, active choices
throughout their life span that are both beneficial to and Ontario PA curriculum °,
respectful of themselves, others, and their environment. Canadian Sport for Life Physical

- 7
Physical and Health Education Canada, Position Paper 2009 / Literacy * and fundamental
movement skills developed by

that will have three modules

(fall, winter and spring). Each

sessions. The development of

the curriculum is based on the

Physical Health and Education Canada 8 Also, the curriculum takes into account PA research
performed in pediatric cancer populations as well as suggested adaptations of PA guidelines to
guarantee safety when side effects related to treatment are present (e.g., cardiotoxicity,
peripheral neuropathy). The ratio of volunteers running the program to participants has been set
at a minimum of one volunteer to four participants. Additionally, we have set the maximum at

12 participants.
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PEER curriculum

The rationale for creating a curriculum for the PEER program is:
v' To give the program continuity and progression.
v To give the volunteers additional guidelines and instruction.
v" To motivate parents to bring their children to the PEER program regularly in
order to achieve the benefits of the program.
v' To better inform parents and physicians about the PEER program.
The curriculum has three main objectives:
1. Movement competence
2. Active living
3. Healthy living
1) Movement competence
This objective focuses on the development and improvement of fundamental skills such
as balance, coordination, running, jumping, and dribbling. As the literature highlights, one of the
barriers children with cancer face is missing the stage where most children start to develop
fundamental skills, preparing them for success in different sports/PAs. As a result of missing
this developmental stage, they feel as though they do not fit in when they want to return to
practice PA/sports with their peers. The PEER program provides children with the opportunity to
increase their self-confidence by developing and improving their mastery of fundamental skills
within three different levels of difficulty (easy, moderate and advanced) for each fundamental
skill. All children engaging in the PEER program are able to work on the same fundamental
skills at a level of difficulty that is specifically adapted to each child’s development and health
status.
2) Active living
The active living objective aids in fostering skills and knowledge that are frequently
required to safely participate in PA, providing a platform where participants enjoy being
physically active and teaching children how to develop and enhance their own health-related
fithess. Encouraging children to engage in daily PA is an important component of this objective.
Participating in moderate to vigorous PA on a daily basis, outside the PEER program, will help
participants restore their healthy levels of fithess and enhance their understanding of the
importance of PA as part of a healthy lifestyle.
3) Healthy living
The healthy living objective helps participants develop an understanding of factors that

contribute to their healthy development such as being sufficiently active, making healthy eating
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and drinking choices, a sense of personal responsibility for lifelong health and a respect for their
own health in relation to others and the world around them. Participants will acquire the
knowledge and skills needed to develop, maintain and enjoy a healthy lifestyle, as well as to
problem solve, make decisions, and set goals that are directly related to their personal health
and well-being. The key part of this objective is learning how to establish, monitor and maintain
healthy habits.

Each objective addressed at the PEER sessions is developed and reinforced by
encouraging PA participation outside of the PEER program and by completing the activities and
worksheets in the logbooks provided during the program.

To ensure that parental support is provided for the child, educational sessions are
offered monthly. These sessions are designed to share tools that will aid in the development of

a healthy lifestyle for their child.

Finally, assessments at the beginning and at the end of each curriculum module will be
provided in upcoming PEER sessions (see text box below for assessment outline). The child’s
parents and physician will receive a report containing assessment results and suggested

guidelines to improve health-related outcomes.

/ Assessment
v

Quality of life- Peds QL/general and cancer module

v'Fatigue- Peds QL/Fatigue module

v'Health-related fitness
o Aerobic capacity- 6 minutes’ walk test
o Flexibility- Sit and reach
o Muscular strength- Grip strength with hand held dynamometer
o Muscular endurance- 30 second sit and stand
o Body composition- Body mass index

v'Physical function
o Time up and go test (3 mt)

v'Program evaluation- this will be administered at the end of the program to

parents and children. /

Participants

Participants are pediatric cancer patients (on and off treatment), 5 to 18 years old. All

participants receive clearance from their physician to participate in the PEER Program. The
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participants between 15 and 18 years complete the PARmed-X clearance form. Participants
between 5 and 15 years complete our own clearance form based on the PARmed-X (refer to
Appendix H). In addition, parents are asked to provide information regarding their child’s
disease, treatment and side effects, allowing the facilitators to effectively adapt the PA program
(refer to Appendix G). Participants are mainly recruited through the ACH and the Kids Cancer
Care Foundation. Parents are also asked to authorize the exchange of information pertinent to

their child’s health between ACH and the PEER program in order to ensure their child’s safety.

Ensuring Sustainability

Student run

Both the Thrive Centre and PEER model operate by utilizing student volunteers. This is
advantageous for 2 reasons: 1) due to the economic burden that cancer survivors and their
families endure, it is important that we offer this program without any cost; 2) the volunteers gain

invaluable clinical and practical experience with this unique population.

Engaging community organizations

The PEER program operates in partnership with Kids Cancer Care. This partnership has
funds a CEP or cancer and exercise specialist
to ensure the safety of the program. In addition,
the program runs out of the Gordon Townsend
School located in the ACH. This strengthens the
program’s credibility, as patients and parents
are able to see firsthand our connection with the
hospital. This partnership has also increased

accessibility for those children that are

hospitalized. Future directions aim to expand

PEER participant doing core training

the program to be available at other locations in
Calgary.

Research indicates that cancer survivors are more likely to engage in PA if
recommended by their physician. As such, it is crucial that primary nurses, child life specialists
and physicians/oncologists are aware of the positive impact of PA on the childhood cancer

patients’ well-being, as their recommendations are directly linked to recruitment and
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participation in PA programming. In our experiences, the relationship created with the hospital
from the beginning has facilitated fluent communication with health care providers and also
helped participant’s parents to feel confident in the program and the potential benefits for their
child.

Main Barriers and Limitations of the Program

Many parents are reluctant to have their children join the program if they report being
tired, therefore children tend to miss many sessions. For this reason, early education
surrounding the importance, benefit and safety of PA throughout the cancer journey is required
for parents and caregivers. Another limitation is managing a group session with a wide variety of
ages, capabilities and limitations. Ideally, we would have a program exclusively for teenagers.
However, due to a low number of potential participants, we have been unable to facilitate such a

program.

Lesson Learned

Education of parents that PA is safe, beneficial, and strongly encouraged throughout the
cancer journey is absolutely essential for the success of PEER. Parents also need to be aware
that PA should be fun and enjoyable for their child. These are two key factors that need to be
promoted in any PA program designed for kids in order for PA to be adopted as a lifelong

practice.

Future Directions
Kids Cancer Care is supporting PEER in its growth as a program. As the class

attendance continues to grow, there is potential for multiple classes a week and/or multiple
locations around Calgary for different age ranges. With hopes of expansion, we are creating a
manual of the PEER program to enhance consistency across sites, and promote PEER within

other organizations that may wish to reproduce this program.
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Play Strong

Program Development

Play Strong was developed by athletic trainers and physicians at Nationwide Children’s
Hospital, Department of Sports Medicine (Columbus, Ohio, USA). The current program was
developed in 2011 and the first patient was seen in early 2012. Play Strong does not require
any outside funding because our services are billable to insurance. The department’s
administration made a commitment to devote staff time for the development and implementation

of the program.

Running and Supervision of Play Strong

Participants in the Play Strong program are led and supervised by licensed athletic
trainers (ATs) under the direction of physicians. ATs must graduate with a bachelor’s or
master’s degree from an accredited athletic training education program that encompasses the
prevention, diagnosis, and intervention of emergency, acute and chronic medical conditions
involving impairment, functional limitations, and disabilities. ATs must become both nationally
certified and licensed by the states in which they practice. ATs are similar to Accredited
Exercise Physiologists (AEPs) and Certified Exercise Physiologists (CEPSs).

In addition to this general skill set, the Play Strong ATs have specific experience in
Functional Rehabilitation: returning athletes back to sport. This return-to-sport progression
framework allows the ATs to break down a movement to its simplest form and assist the patient
in developing the strength, balance, and control necessary to perform that skill. Over time, they
combine skills until the final movement is reached. The development team has also completed
the American College of Sports Medicine’s Cancer Exercise Trainer six-week webinar series

(AACSM/ACS Cancer Exercise Trainer. http://certification.acsm.org/cet-webinar) °.

Program Description

Play Strong aims to guide pediatric, adolescent, and young adult cancer survivors in a
safe transition back to PA, whether the goal is simple play or return-to-sport. Along the way,
improvements in functional movement skills, muscle strength and power, balance and
coordination, and confidence are addressed. Confidence is gained not only by the participants,

but also by the parents as they are witnesses to their child’s progressing ability to execute the
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PA skills listed above. By bearing witness to their child’s improved functional movement, parents
are granted peace-of-mind knowing that their child is on a path of physical literacy. With the new
or re-established confidence in the child and consistent parental support, patients and survivors
have the fundamental tools to be active throughout their lives.

The participants’ progress is monitored using discrete, quantifiable measurements.
Participants are examined on a series of tests that measure functional movement skills,
balance, flexibility, agility, core strength, upper/lower extremity power, and cardiovascular
endurance. We also have the participants complete a survey at the beginning and end of the
program to assess their thoughts and attitudes towards physical activity (see text box for testing

protocol).

An important component in Play Assessment

Strong is the inclusion of game play and Resting Heart Rate / Blood Pressure

Height/Weight

Balance Error Scoring System (BESS)
Sit-up Screen

Squat Screen

Edgren Side Step Test (modified)

Sit & Reach Flexibility Test

Chest Pass (seated)

Vertical Jump
to happen at home? (1) child performs PACER Test /
squat exercises or (2) child, who loves

football pretends to be a quarterback taking a snap from center? Both accomplish the same

fun in each class. This is done both to
create an atmosphere in which the
participants want to be involved, but also
as a way to obtain compliance to their

home PA program. What is more likely

\\\\\\\\\\\

task, but are thought of very differently by the participant. Although many of these participants
are motivated to return to play, the training can be difficult, both physically and mentally. Doing
something because it is fun does not require any extrinsic motivations. The participants are not
doing it because they want to achieve a specific outcome but instead because it is enjoyable.
That is the key to Play Strong. They are simply playing and when they improve their measurable
deficits, everyone wins.

Play Strong meets twice weekly with participants entering on a rolling admission via an 8-
week referral. Many participants continue on for a second or third 8-week referral depending on
participant needs and insurance coverage. Play Strong is conducted in a small group setting
whenever possible; after all, game play is better when you have more kids with whom to play.
However, at times the physical deficits and individual needs of a participant require 1:1

attention.
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Participants

Participants need to be referred into the Play Strong program by their oncologist.
Included in the referral is a clearance for PA and any restrictions they have. Physicians are

asked to include the specific cancer type and any pertinent treatment history that may affect

participation status. In some cases, the oncologist
has also obtained clearance from another physician,
e.g. a cardiologist or orthopedist, depending on the
participant’s treatment history. Finally, Play Strong
asks for any other diagnoses that are a result of the
cancer and/or its treatments, such as abnormal weight

gain or physical deconditioning. A few other criteria

for entry have to be met. Play Strong participants
I must be able to work independently and also socially
in a group setting. Participants also have to be
mentally ready to change and increase their current
physical activities. If the participant is not ready, they

may not be successful. The participants are grouped

9 | based on their skill levels and age. The youngest
' participants that the program had were six years of
Cancer survivor i 'é Play Strong age. They were grouped together with other 6 to 8-
session year-olds and the class format was vastly different
than if the participant who was returning to his varsity
high school soccer team.
The participation in the Play Strong program does not affect their involvement in the
Oncology Survivorship Clinics that occur at various times post-treatment. As part of the
program, summary notes to the oncology clinic team updating the caregivers of the progress the

participants have accomplished.

Sustainability of the Program

As mentioned previously, the program is billable to the participant’s insurance.
Therefore, outside funding is not required. There is simply a commitment from our department
and hospital administration to keep this program ongoing. As with other therapies within the

hospital, as long as the Play Strong program can demonstrate existing deficits and work
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towards the improvement and eventual elimination of these deficits, the cost of the program is

cover by the patient’s insurance.

Main Barriers and Limitations of the Program

The main limitation to the Play Strong program is the referral source. Play Strong is
located in the the only hospital in the country with two sports medicine buildings for kids with
dedicated gym space for programming. The program is geographically limited to the numbers
of cancer survivors who are (1) in the easily traveled distance from our locations, (2) ready to
change their behaviors of physical activity, and (3) willing to attend more hospital visits related
to their cancer after the hundreds they have already completed.

In addition, Play Strong has had to educate the oncology providers that ATs are different
from personal trainers. ATs are healthcare providers and are well-versed in the cancer-care
setting. This is especially important in the pediatric oncology population, when it can be critical
to recognize the warning signs of recurrence, when it is appropriate to progress or halt a

progression, and when a referral back to their oncologist is needed.

Lessons Learned

The biggest lesson learned was how to include the parents of the participants. In every
case thus far, the parent has been extremely enthusiastic about this program. While that is a
great thing, it can sometimes be counter-productive to the progress of the participant. In order
for Play Strong to be successful and in order for the participants to begin changing their activity
habits at home, the participants need autonomy. They need to be the ones making the choices
for change. They need to initiate when their screen time ends and what PA is performed. If the
inclusion of increased PA becomes a battle between parent and child, then PA can be thought
of as a punishment. It has been our stance to instruct the parents to be supportive of every
effort the participant is making in changing their habits, but not in a controlling manner. It can

be difficult for many, if not all, the parents not to push the participants, but it is needed.

Future Directions

While it is important to increase PA after treatment has concluded, having participants as
active as possible during treatments is important too. The next step is to expand to the In-
patient population. The idea of play will again be vital, but the intensity levels and expected

limitations will obviously be much different.
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University of South Australia and Little Heroes Physical Activity

Program

Program Development

In 2009, the Little Heroes Foundation (formerly the McGuiness-McDermott
Foundation) sought expressions of interest for the provision of a PA-based program for
childhood cancer survivors within their Survivorship Services program.

The Little Heroes Foundation is a charity organization that supports children with serious
illness by raising funds for essential equipment and services for the children and their families.
The proposal put forward by the School of Health Sciences from the University of South
Australia was the successful applicant due to the evidence based nature of the program and the
individualized services proposed. An element which also appealed to the Foundation was that
the program would not be hospital based or supervised by doctors in a clinical setting, yet would
still be safe for participants and specific to their needs. Based on a collaborative approach, the
Little Heroes Foundation provided funding for development and delivery of individual PA
programs by an Accredited

Exercise Physiologist (AEP) for / What is an Accredited Exercise Physiologist?

the participants including pre and Exercise physiologists hold a four-year equivalent university
degree and are allied health professionals who specialize in
the delivery of exercise, lifestyle and behavior modification

post testing, ten weeks of

supervised PA sessions, plus programs for the prevention and management of chronic
) _ diseases and injuries. Exercise and Sports Science Australia
program evaluation and reporting. is the regulatory body responsible for accreditation of

Exercise Physiologists (http://www.essa.org.au/). AEP’s are
The School of Health equivalent to Certified Exercise Physiologists (CEPS) in

Sciences from the University of Canada.

South Australia provided in-kind

funding through the use of private consulting rooms, fully equipped gymnasiums, basketball
courts, ovals and other multipurpose rooms plus equipment and the services of their Clinical
exercise physiology staff. A unique element of this program was also the involvement of
students within the Graduate Diploma in Clinical Exercise Science, and the Human Movement
and Health Studies programs, who assisted in the delivery of the AEP-supervised PA sessions.
The initial program proposed by the School of Health Sciences was developed by PhD qualified
academic staff, AEP’s working within the School of Health Sciences Exercise Physiology Clinic,

and students completing practicum placements within the Exercise Physiology Clinic as part of
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their Graduate Diploma studies. The proposed program ran for the first time in 2010 on the City
East Campus of the University of South Australia. In 2011, 2012 and 2013, the program
extended and was offered at a range of different locations across the Adelaide metropolitan

region, with the program concluding in April 2013.

Running and Supervision of University of South Australia and Little

Heroes Physical Activity Program

The PA programs were prescribed for the specific needs of each participant by an AEP,
and delivered with support and assistance provided by students from both the Graduate
Diploma in Clinical Exercise Science and Human Movement and Health Studies programs. In
delivering the service the AEP’s worked closely with other medical and allied health
professionals who were involved with the management of the participant as required. Within the
Australian Health Care System an AEP is a recognized and qualified allied health professional
trained in clinical PA interventions for individuals with, or at risk of developing, chronic and
complex medical conditions and injuries. All AEP’s involved in the delivery of the Little Heroes
project were University trained AEP’s with prior experience in clinical PA delivery, although not

all had extensive experience with cancer clients.

Program Description

The objective of the program was to provide a 12-week individualized evidence based
PA program under the direction of an AEP for children within the Little Heroes Foundation
Survivorship Services Program (children aged 5-18 years). The program also included clinical
outcome measures for all participants taken pre and post participation. In its first year, only a
single 12-week block was delivered and over the subsequent years, delivery was adjusted to
10-weeks (8 weeks PA with 1 week pre and post testing) to coincide with the South Australian
School term. Additionally, in 2011 and 2012, multiple 10-week blocks were offered although
each block was considered to be a stand-alone, with pre and post measures taken for each
block. Providing participants still meet the age criteria, they were able to participate in multiple
blocks throughout the year. The following briefly outlines the methodology used for each of the

10-week blocks.
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v Week 1
o Initial Consultation: Participant attended a 60-minute individual initial consultation
with an AEP following recruitment into the program including the assessment of
the outcome measures.
v Week 2
o PA Prescription: Delivery of an individual PA program supervised by a PA
Physiologist with assistance from students. Each session was 60 minutes in
duration.
o Home-based PA Prescription: Provision of a home-based program to support the
supervised sessions
v' Weeks 3 -9
o PA Delivery: Ongoing monitoring of program by the AEP on a weekly basis (up to
2 sessions per week per participant).
v Week 10
o Review Consultation and Report: Outcome measures were reassessed,
participant satisfaction was evaluated, and reporting performed.

While the PA programs developed were individualized for each of the participants, the
younger children between 5 and 10 years of age typically performed activities with a focus on
motor skill development, movement coordination, endurance and fitness. These were performed
in large open rooms, on basketball courts and on ovals (note: when possible children with
similar physical capabilities attended in small groups (2 to 3 children) which allowed the
sessions to include game play and socialization). The older children in the 10 — 18 year age
group typically performed their sessions in a gym-based setting with more of a focus on
strength, endurance and PA self-efficacy. As with the younger children, individuals were
typically paired with others of similar ability for the session (maximum of 2 individuals) although
they still performed their own programs. For some individuals with complex presentations (e.g.,
blindness), sessions were always conducted as one-on-one supervised sessions. While the
description provided here does separate the participants into two age groupings (5-10 and 10-
18 years), these groupings were only used as a guide for PA assessment and were not strictly
enforced due to the individual nature of the PA prescription.

Individual goals were developed for each participant during the initial consultation and
therefore the specific objectives for each individual varied. However, the overall objective for the
program was to provide a safe structured PA program for pediatric cancer survivors. As many of

the participants had been inactive during their developmental years due to their iliness, the
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program aimed to allow the participants to regain function and restore their fitness to a level that
would allow them to participate in main-stream sporting activities with their peers. For many of
the participants, this included restoring their enjoyment and confidence in performing PA. As
mentioned previously, for younger participants the program aimed at assisting in gross motor
skill development, which was commonly delayed due to the period of inactivity during the child’s
illness. This focus on restoring the participants’ enjoyment of PA and confidence in their own
abilities was a key component of the program and one of the reasons it was so successful.

In the first year of the program, pre and post measures included the anthropometric
measures of height and weight, motor skills assessment (McCarron Assessment of
Neuromuscular Development), self-reported physical activity levels and self-reported enjoyment
of physical activity. In the second and subsequent years this was revised to standardized

testing protocols to ensure reliability (see text box) "%

\

Assessment
Height and weight (all participants)
Broad Jump (5-10 years only)
Vertical Jump (5-10 years only)
Sit-and-reach (all participants)
10m sprint (5-10 years only)
6 minute walk test (all participants)
30 second sit to stand chair test (all participants)
Predicted 1RM chest press strength (10-18 years only)
Predicted 1RM seated row strength (10-18 years only)

AN N N N N NN

In instances where the participants could not complete all testing due to physical
limitations, other testing such as balance testing was included to ensure a clinical outcome for
that individual pre and post PA intervention. As with the above testing, any additional testing
was performed using validated and reliable measure to ensure accuracy in detecting changes in
the measure. In addition, the participants (10-18 years), or their parent/guardian (5 -10 years)
were asked to complete a questionnaire about the child’s physical activity levels which included
questions relating to their willingness to perform PA, how well they typically performed in sports
related activities, and how they felt they performed compared to their peers (refer to Appendix
13.B).
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Participants
The participants, who were all aged 5 to 18 years, were recruited by the Little Heroes
Foundation through their survivorship service, with all interested participants contacted by the
programs senior AEP to book an appointment for an individual initial consultation. Written
consent was obtained from the
parent/guardian of all participants,
and a medical clearance sought
from the participant’s general
practitioner/oncologist as needed.
To be suitable for inclusion into the
@ program, participants were required
to be “off-treatment” as stated by
axow splash povk their Oncologist, and therefore

would not be undergoing any active

treatment. Some individuals
Ja&y B : however, were still receiving on

going treatment for conditions
related to their cancer but were considered to be ‘off treatment’. Some individuals had been off
treatment and considered cancer free (or in remission) for several years while other were still
receiving regular monitoring having only recently completed treatment. Additional information
was sought from other members of the individual’s medical team such as oncologists,
physiotherapists and occupational therapists as needed following the initial assessment to guide
PA prescription. Additionally, the parents/guardians of all participants were asked if they would
like post program reporting to be made to any member of the child’s health care team, with a
number opting for this to occur. While Acute Lymphoblastic Leukemia was the most common
diagnosis of participants, inclusion or exclusion was not based on a specific cancer diagnosis

for participation in the program.

Sustainability of the Program

The sustainability of the program that was developed means that it does require an
ongoing funding commitment, with the funding primarily for the cost of the time of the AEP’s
involved. The amount of funding required is therefore directly related to the number of

participants involved in the program at any given time. For the program described above,

Chapter 13
224



...............................

services were offered at cost, as it was not developed as a program that would be offered as an
income generator but rather a collaborative project. An alternative to this would be for the
program fee to be paid by the participants. Although a number of the parents/guardians were
interested in this option when the program was finished in 2013, it was not pursued. Another
option would therefore be to look at a mixed payment option where some of the program is
funded and then the gap in funding is met by the participants. This would most likely represent
the best option for long-term sustainability of a program if it were to be offered on a large
community scale.

If the funding source for this program however were changed, additional avenues for
recruitment would need to be explored. The program explained here was specifically for
individuals within the Little Heroes Survivorship Program and this was the referral avenue.
More advertising and promotion of the program would also be required if participation was open

to other individuals who had previously had cancer and were now off treatment.

Main Barriers and Limitations of the Program

One of the main barriers to the program was finding a location and time that was suitable
for a majority of the participants and their parents/guardians. While a variety of times were
offered earlier, times were reported as being difficult due to travel immediately after school,
while later times interfered with family dinner preparations or sporting commitments of older
siblings. Many parents/guardians were also reluctant to let children attend if they had been

unwell, meaning that sessions were frequently missed due to illness.

Lessons Learned

Over the duration that the Little Heroes program was offered, one of the biggest lessons
learned by the AEP’s offering the program was the importance of education for the
parents/guardians with regards to PA and their child. Due to their child’s previous illness, a
number of the parents/guardians were unsure of their child’s capacity for PA and often showed
caution when allowing their child to participant in activities due to concerns of illness or injury.
For some participants, this ‘protective’ instinct meant that inactivity was contributing negatively
to their child’s health with high levels of sedentary behaviors, obesity, poor cardiovascular
fitness and a dislike of PA seen in many participants. While the PA program was targeted at the
child participant during the initial consultation, time was needed to be spent outlining to both the

child and the parent/guardian how PA would benefit the participant, the evidence for PA in
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relation to cancer survivors and also how a safe prescription would be implemented. Explaining
how the prescribed PA would meet the specific goals of the participant was also important from

a long-term behavior change perspective.

Future Directions

In 2013, restructuring of the Little Heroes Foundation changed the funding available for
ongoing projects and as such the program described above ceased to be offered. The design
and overall concept of the program however demonstrated strong clinical outcomes for the
participants involved during the time that it was offered. A strength of the program was the
individualized evidence-based nature of the PA prescription. This means that the program as a
concept could easily be offered to other client groups and would not be exclusive to an oncology
group or a pediatric group. Using students from a University setting in assisting in delivery of
programs such as this not only enriches the experience of the participant, but also provides

much needed clinical experiences for students.

Take Home Message

As evidenced by the three programs highlighted in this chapter, community-
based physical activity programs for pediatric cancer survivors are feasible, beneficial
and potentially sustainable through various funding models. These three programs
emphasize the need for well-trained staff to facilitate exercise sessions, as well as
strong communication between the staff members, clinicians and family members.
Also, it was consistently noted that the design of the program should facilitate a fun
environment that supports the growth of confidence among participants and also
includes parent participation and support. Offering programs with an individualized
approach, while still capitalizing on peer social support through fun and interactive
activities, is ideal.

Significant future research is warranted to examine the effective methods of PA

program development in pediatric oncology. Studies examining factors associated with

external validity, using frameworks such as RE-AIM, as well as economic evaluation,

will further bolster the ongoing development and sustainability of these programs.
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WEEK 2- RUN (example session)

Objectives:
e Movement Competence objective (Skills & Concepts):
o Fundamental skill: RUN
o Body awareness: body mechanics, moving legs and arms, keeping head up bending
knees and arms at 90 degrees
o Spatial awareness concept: being aware of who is around you and what is around you,
awareness of pathway to movement.
o Effort awareness concept: understanding difference in effort (sprinting, jogging and
distance)
o Relationship concept: relationship with others playing with you and the surroundings.
Focus on sportsmanship and respect
e Active living: overview of Physical Activity Guidelines
e Healthy living objective: hygiene

Healthy Living Instructions - 15 minutes

At the beginning of class, talk about the importance of washing hands with all the participants.
First ask them what they think, and then explain to them that washing your hands is one of the
best ways to prevent the spread of illness and disease! It helps protect YOU and helps protect
OTHERS from getting sick.

Go over the following guidelines and then practice washing hands in the bathrooms (split girls
and boys). Use the neon gel and see if they can wash it all off!

Use warm, running water

Use soap and rub hands together vigorously for 15-20 seconds
(DON’T forget under your nails and fingertips!)

Rinse thoroughly and dry off hands

1) Dynamic warm up - 5 minutes

Active Living | During the warm up volunteers are to mention what the physical activity
Instructions | guidelines are for children (60mins of moderate to vigorous physical
activity 5 days a week, strength training two days of the week, and
flexibility training most days of the week).

Side Scuttle Participants begin perpendicular to the start line. Lowering themselves
into a squat position, they will take a large step with the leading foot,
making sure to keep toes pointed forward. Maintain a steady pace and
change lead legs once halfway line has been reached.

*Head should maintain a constant level throughout.

Horse Trot In short, quick steps, drive the knee upward as close to chest as possible.
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Important that contralateral forearm drives up with knee.

Butt kicks In short, quick steps,bring the heel as close to the bum as possible. Keep

toes dorsiflexed. Make sure that upper leg stays perpendicular to the
floor during the movement. Important that contralateral forearm drives
up with heel

One foot Participants will hop three times, for distance, on one foot. After the

hops

third hop, switch legs and repeat.

Twisty turkey | Participants will begin parallel to the start line. With a two-footed jump,

participants will spin 180 degrees in the air and land on two feet.
Jumping again, they will return to the original position and jog to the
centerline. They will repeat, the two jumps and jog to the finish. Over
the course of the semester, the number of jumps can increase.

Alternating Begin by standing with your arms straight above you and raise a one leg

Banana while fully extended and bring the opposite arm down into a banana
shape. Switch legs and repeat
2) Circuit strength training- 7 minutes

We will do 30 seconds in each station and then they will go to the other station using if possible
the fundamental skills

NouswNRE

DN NI N N

ANIRN

Throw medicine balls in pairs

Jump rope in pairs

Rowing with elastic bands in pairs

Squat with medicine balls in pairs

30 degrees sit up in pairs while they pass a ball

Jump in the trampoline

Scooter race with belly in the scooter using their arms

Description of Skill/ Movement Concept — 15 minutes
Run: “Move fast by using one’s feet, with one foot off the ground at any given time”
Ask the participants to show you the skill... Should give you base line of there knowledge
Want to break down the movement from head to toe.
Focus on keeping head up with straight spine
Ask participants to try and run without moving their arms. Have them see the difference when
they move their arms.
Reminder to keep arms bent at 90 degrees and move opposite arm to opposite leg.
For legs want to practice track A’s and B’s
v' A’s: have the participants do high knees up to 90 degrees and alternate arms with legs.

Chapter 13
231



...............................

v
B’s: bring legs up to 90 degrees and then extend

from the knee and then bringing foot down.

v" Show difference between running with flat feet, on the balls of your feet and on heels (balls
for your feet should be fastest when sprinting)

v" Have kids try different speeds for running while maintain correct form

v’ If they are ready have them try to run backwards

v Relay race putting all the components of the run together, arms, legs and feet

4) Games — 15- 20 minutes (suggestions only pick two or three)
v Red light, green light (focus on different speeds and form)
- Have participants line up on the back line
- A volunteer will either yell “red, green or yellow light”
- Participants move depending on what light it is
- Red light is stop, green light is sprinting, yellow is walk
- Have kids focus on proper mechanics of running
- Yell Autoban if your want them to sprint.
v’ Variety of tag games: freeze tag, toilet tag, revenge tag, etc...
- Freeze tag: once you get tagged you need to freeze in that position and someone
needs to run around to for you to be “free”
- Toilet tag: once you get tagged you need to get on one knee and someone  sits on your
knee and flushes you.
- Revenge tag: Everyone is it. If you get tagged you sit down until the person who tags
you gets tagged
- Want to keep the participants running and moving in a variety of different directions
v Capture the Flag:
- Split the group into two teams
- Have beanbags behind the back lines use that as flags or treasure
- Split the gym into the two halves each team get a half
- Team can tag other team once they are on there half
- People are safe behind the back lines
- if you get tagged you sit down or go back to your half
- you can only get one treasure or save one person
- Cannot throw the treasure
- remind about sportsmanship and respect
v Relay races (focus on form and speed)

5) Cool down and static stretch — 5 minutes
Routine 1 of the yoga handout.

We can also ask questions for the fundamental skill worked and the active and healthy objectives.

Make sure that parent handout is passed out.
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Appendix 13.B
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Child Physical Activity Attitudes Questionnaire

Date of assessment: ..... [l o, Pre / Post assessment ASSESSOr: .ivviiiiiiiiinn,

Not at all A little Some- Quite a Very

bit what bit Much

| can be physically active on most days of the 0 1 2 3 4
week?
Do you like playing games? 0 1 2 3 4
| can participate in activity when others make 0 1 2 3 4
fun of me?
| could participate in activity even if | was not 0 1 2 3 4
good at it?
Do your friends do physical activities or play 0 1 2 3 4

sports with you?

| am self-conscious about my looks and ability 0 1 2 3 4
when | exercise or play sports?

My health means I’'m not good enough to 0 1 2 3 4
participate in activity with my friends

Note. Adapted from: Ward DS, Saunders RP and Pate RR 2007, Physical activity interventions in children and

adolescents, Human Kinetics, Champaign, lllinois.
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Chapter 14

Yoga in Pediatric Oncology

Amanda Wurz, PhD candidate; Robyn Long, BA/MA; Tyla Arnason, Yoga Instructor;

Carolina Chamorro-Vina, PhD & S. Nicole Culos-Reed, PhD

/ Learning Objectives

After completing this chapter you will know:
e ... the existing literature on yoga for childhood cancer patients and survivors.
o ...the potential benefits of yoga for this population.

e ...key considerations in developing a yoga program for this population.

\ o ...future research directions in yoga and pediatric oncology.

Introduction

Yoga is increasingly recognized as an important addition to cancer care programs for
adult patients and survivors " Yoga employed in clinical contexts is commonly defined as a
gentle physical activity (PA) that combines physical postures (asana), breathing exercises
(pranayama), and meditation (dhyana) * °. Yoga offers the potential for both psychological and
physiological benefits. The evidence gathered from adult cancer populations "2 and reviews by
Galantino et al., ® and Birdee et al., " highlight the psychosocial and physical benefits of yoga for
pediatric populations. Although the evidence is preliminary, research suggests that yoga may be

a promising form of alternative PA for childhood cancer patients and survivors.

Yoga Benefits: Research Findings

Table 14.1 provides an overview of the four research studies that have been performed
exploring yoga and pediatric oncology/hematology. Research by Geyer et al.,? investigated the
feasibility of a therapeutic yoga program on the quality of life (QOL) in children hospitalized

with oncological/hematological diagnoses. The authors designed a yoga protocol, Bendy Kids
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Yoga (BKY), with the help of trained physical and occupational therapists and rehabilitation

aides, that incorporated stretching, strengthening, balance, breathing techniques, relaxation,

and body awareness ®. The authors found statistically significant differences in children’s self-

perceived physical function. Specifically, children reported positive changes in walking, running,

participating in play, sports and exercise, lifting heaving objects, bathing, need for help with

chores, and levels of aches, pains, and energy. There were also trends toward significance on

children’s rating of their emotional and social function.

Table 14.1. Summary of yoga research in pediatric oncology.

Authors Sample Intervention Findings/Conclusions
. N=6 MOD 1 (BKY) Improved child perception of
Geyer et al. session/week for 5 | physical function
weeks; (60
minutes/session)
1 N=20 MHOD 1-3 individualized Improved pain and anxiety scores
Moody et al. yoga sessions :
durati t Patient quotes suggest yoga was
( uration no beneficial (relaxation)
specified)
- . N=16 MHOD 1 group yoga Improved anxiety
ygeson € session (45 :
al.® minutes/(session) Improved general well-being
10 N=8 MOD 12 week program; Feasible (based on recruitment,
Wurz et al. retention, attendance, and

2 group yoga
sessions/week (60
minutes/session)

reporting of adverse events)

Improved patient and parent
reported QOL

Improved hamstring flexibility
Improved functional mobility
Improved PA levels

Note. BKY: Bendy Kids Yoga; MOD: mixed oncology diagnoses; MHOD: mixed hematology and oncology
diagnoses; ROM: range of motion; PA: physical activity; QOL: quality of life.

Another study by Moody et al., ! found reductions in pain and anxiety scores in their 20

pediatric oncology/hematology patients, suggesting that yoga was beneficial especially for

relaxation. Similarly, Thygeson et al., ° concluded that yoga was a feasible intervention for their

16 children and adolescents affected by cancer and blood-disorders. Finally, Wurz et al.,

found their 12-week community-based yoga program was feasible based on recruitment,
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participation, and the lack of adverse effects. Moreover, participants reported improved QOL,
functional mobility, hamstring flexibility, and PA levels over the course of the intervention.

To our knowledge, there are only four studies investigating the benefits of yoga with
pediatric oncology patients and survivors. Although these studies show preliminary benefits, the
field is still limited and it is difficult to generalize results. However, a much larger body of
evidence shows that yoga in adult oncology * " as well as in other clinical pediatric groups, is
associated with a range of psychological, social, neuromuscular, cardiopulmonary, and

musculoskeletal benefits ® 7.

Yoga: Practical Recommendations

There are no existing guidelines for the adaptation of yoga to the needs of pediatric
oncology patients and survivors. However, based on our experience with a 12-week community
based yoga program '°, basic therapeutic modifications and considerations can be made based

on the cancer diagnosis and associated treatment-related side effects.

Therapeutic modifications

Below is a list of modifications that the authors found to be beneficial when teaching
yoga to pediatric oncology patients and survivors through their research projects and evidence-
informed Yoga Thrive for Youth community program (refer to Appendix 14.A for website for
more information). An example of their general class plan can be seen in Appendix 14.B, and
images of the poses described below can be seen in Appendix 14.C. Prior to participating in
yoga, the child should be cleared for PA by their physician, and any concerns that may limit
activity should be clearly communicated to the yoga instructor.

v' Balance: Pediatric oncology patients may experience dizziness, peripheral neuropathy,
or a general decreased sense of balance as a result of cancer and its treatments. The
use of a wall, chair, or floor to modify poses can address this consideration. For
example, if a participant is experiencing balance issues, they may do Tree
Pose/Vrksasana (standing on one leg with the opposite leg lifted, externally rotated and
the foot propped against the inside of the calf or thigh) while holding on to the back of a
chair or placing one hand against a wall (refer to Appendix 14.C for image).

v" Weight-bearing: Children with bone tumors (pre and post-surgery) may not be able to
bear weight on one or both legs for extended periods of time. Similarly, children who

are experiencing dorsiflexion-range of motion issues may have difficulty rooting down
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through both of their feet. In these cases, the use of a wall, chair, or floor to modify
poses is important. For example, if a participant is experiencing weight-bearing issues,
they may do Tree Pose/ Vrksasana while fully reclined on the floor. Or they may
perform a variation of a pose such as Crescent Moon/Alanasana with the thigh of the
affected limb placed on the seat of a chair for support (refer to Appendix 14.C for
images).

v' Fatigue: There are several adaptations to account for fatigue. Some examples include:
starting with shorter yoga sessions (e.g., 10 or 20 minutes) and progressively
increasing the duration; holding yoga poses for shorter amounts of time and
progressively increasing the duration; and offering props to modify poses and account
for differing energy levels among participants. Instructors can also offer chairs to
modify standing poses so participants use less muscular strength, which may enable
them to hold a pose for a longer period. For example, as with the weight bearing
example above, a participant may use a chair for Crescent Moon/Alanasana, or
perform Tree Pose/Vrksasana lying down. It is also important to offer participants rest
throughout the yoga class. For example, invite students to take Relaxation
Pose/Savasana (lying flat on the ground with arms and legs extended) or any other
resting seated/reclined pose when needed (refer to Appendix 14.C for images).
Another possibility is to start and end class with restorative poses and breath work,
which will allow participants to conserve and build their energy appropriately.

v" Range of motion (ROM): In instances when ROM of any joint is affected by peripheral
neuropathy or surgery, the instructor should offer modifications and cue participants to
move within the current ROM without pain.

v' Pain: Do poses slowly with the breath, and/or hold the poses for a shorter period of time.
It is important that any activity not be associated with pain. The participant should stop
yoga if they experience pain, and it may be appropriate to consult with a physician.

v" Props: In addition to chairs and walls, props such as yoga blocks, blankets, and bolsters
may be important in a therapeutic setting. For example,

v In Standing Forward Bend/Uttanasana (refer to Appendix 14.C for image),
participants can rest their hands on blocks, the back of a chair, or a short table
if they are unable to reach the ground comfortably.

v" In Seated Forward Bend/Paschimottanasana, sitting on a blanket or bolster
elevates the hips above the knees, which can help increase comfort in the

pose and a participant’s ability to lengthen their spine.
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v Placing a bolster under the knees in Relaxation Pose/Savasana may help

alleviate discomfort in the lower back.

Areas of emphasis

As noted above, yoga offers participants potential psychosocial as well as physical

benefits, which can be encouraged through a number of group or individual activities. These are

a few examples taken from the authors’ experience in their yoga research '° and the Yoga

Thrive for Youth community program.
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v Breathing: A focus on breathing

during yoga poses can
strengthen children’s attention
and energy during class.
Specific breathing exercises
(pranayama) may also be used
to help participants learn
relaxation techniques. For
example, in the authors’ 12-
week yoga intervention several
breathing exercises were found
to be useful, including Balanced
Breath, Elongated Exhalation,
Bharmari Breath, Chandra
Bhedana, and Peace Breath. As

for all PA, breath work needs to

Sample Breathing Exercises

Balanced Breath: Inhale and exhale equal counts.
Focus on the belly expanding on inhale, and
falling back on exhale. Can be performed sitting,
lying, or standing.

Elongated Exhalation: Inhale focusing on the
belly expanding and exhale longer (than the
inhale) with belly contracting. Can be performed
sitting, lying, or standing.

Bhramari/Bee Breath: Inhale through nostrils, and
exhale making a buzzing sound at the back of the
throat (lips gently touching). Should be performed
seated.

Chandra Bhedana/Moon Piercing: Block the right
nostril with right hand and inhale through the left
nostril, then switch and block the left nostril and
exhale through right nostril. Repeat this same
cycle a few times. Should be performed seated.
Peace Breath: Inhale through both nostrils and
exhale saying peace (or any other word). Should
be performed seated.

be individualized. Each participant should be taught to monitor his or her efforts so as to

maintain a smooth, rhythmical, tension free, and regulated breath.

Mindfulness/focus: Yoga offers participants an opportunity to focus on the present,

which can be beneficial as they may experience distress as a result of the cancer and

related treatments. Ways to cultivate mindfulness among participants include the use of:

1) breathing exercises; 2) guided visualizations; 3) affirmation meditations; and 4)

challenging, yet safe, yoga poses (e.g., standing balances).

Deep relaxation: Providing participants with 10 to 15 minutes of relaxation at the end of

class is important for helping them to slow down their heart rate and breathing, as well

as absorb the benefits of their practice. Participants should lie in a supine posture, such
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as Relaxation Pose/Savasana, and be guided into relaxation, meditation, and/or
visualization by the instructor. Using props to ensure comfort (e.g., bolsters under the
knees) may aid the relaxation process. Providing participants with blankets will help
keep them warm and increase relaxation. The use of gentle music and/or a focus on the
breath during relaxation can also help participants maintain focus.

Fun: As with all PA, children are more likely to participate in yoga if they find it fun. In a
group setting, partner yoga poses or doing poses in a group circle can contribute to a
playful environment. Children also enjoy making up their own names for yoga poses and

incorporating those names promotes a sense of community in the class.

Areas of caution

In addition to the PA precautions specific to patients and survivors experiencing side

effects (refer to Chapter 5), there are a few additional considerations for yoga practice.

v

Inversions: Instructors should use caution with inversions, especially those that may put
excessive pressure on the head. Therapeutic modifications and restorative poses, such
as Legs Up the Wall/Viparita Karani variation (lying with legs up the wall), are more
appropriate for this population because they are less physically demanding than
traditional inversions.

Weight-bearing: Participants at risk of fractures or who have recently completed surgery
for a bone tumor diagnosis should not perform any weight bearing activity that has not
been approved by their treating physician. Therefore, all poses should be modified, such
as by performing poses reclined or by using props such as chairs.

Balancing poses: Participants at increased risk of fractures (e.g., in the case of children
with bone tumors or osteoporosis) should be encouraged to place their hands against a
wall or on a chair for support to increase stability and reduce the likelihood of a fall.
Forward bending: Avoid deep forward bends or moving up and down too quickly (with
the head dropping below the heart) since this may affect balance/dizziness. To lessen
the bend, participants can bring their hands to blocks or a chair instead of the ground.
Pain: Participants who are experiencing acute pain should not be advised to do yoga,
similar to general PA guidelines.

Group size: When working with a group of patients and survivors, classes should be kept
small (e.g., no more than 6 to 8 participants) depending on the physical limitations,

immune system conditions, and needs of the group.
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What to Look for in a Yoga Instructor

As with fitness instructors leading PA programs for pediatric oncology patients and
survivors, a yoga instructor works as part of a team with the participant, their parents, and their
health care providers. It is important to identify a yoga instructor with appropriate teaching
credentials. There are no governing bodies for the certification of yoga instructors broadly, or in
the fields of yoga for children or yoga for cancer survivors specifically. However, there are key
qualifications to look for when interviewing potential yoga instructors. At a minimum, the
instructor should have: 1) a 200-hour yoga teaching certificate; 2) certification and/or experience
teaching children; and 3) certification and/or experience in teaching yoga for cancer patients or

survivors.

Augush: 8™ H9e. 8

While certifying programs in yoga for cancer survivors are limited, a yoga instructor may
have related qualifications working in similar therapeutic environments or with other clinical
populations (e.g., children with disabilities or other chronic illnesses). The Health and Wellness
Lab at the University of Calgary has developed the Yoga Thrive Teacher Training Program, a
32-hour course for yoga instructors to learn therapeutic adaptations for adult cancer patients
and survivors (refer to Appendix 14.A for a website to obtain more information on the program).
Yoga therapy is an emerging field and some instructors may identify themselves as yoga
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therapists if they have completed advanced training (e.g., one or more programs in addition to
their 200-hour teaching certificate). Yoga therapists may have more experience teaching clinical

populations than yoga teachers.

Research Limitations

One of the major issues in yoga research is a lack of methodological and standardized
protocols. Yoga represents a myriad of practices, and studies often lack detailed descriptions of
the specific protocol, the yoga style, and the qualification of instructors. Furthermore, one of the
most pressing limitations in the research is the small, mixed populations reported (refer to Table
14.1). There is limited research regarding the required intensity, duration, and frequency of yoga
needed to facilitate optimal psychosocial and physical changes, as well as the mechanisms by
which these changes are produced. Finally, to date, the interventions undertaken have been
short in duration, ranging from a single session to two sessions per week for 12 weeks ®''. The
short periods of these interventions offers information on the acute effects of yoga, but does not

evaluate the longer-term effects associated with continued yoga practice.

Future Directions

Yoga is a therapeutic form of PA that may be a promising tool for pediatric oncology
patients survivors during and after treatment because of its beneficial effects on several aspects
of one's QOL, including physical strength, psychological and psychosocial wellbeing, and self-
confidence. There is limited scientific evidence outlining the mechanisms that contribute to
these improvements, and thus offers an exciting area for future research in pediatric oncology.
Future studies are needed to explore how yoga protocols can be tailored to the different needs
of patients and survivors. This poses a challenge to researchers to develop a rigorous protocol
while remaining flexible to patients’ and survivors’ needs and treatment priorities. For example,
consideration should be given to participants’ ages, and thus studies separating children from
adolescents may contribute to this knowledge gap. Future research might also explore how
family-centered yoga programs can improve the health of pediatric oncology patients and
survivors. For example, parents could guide children through simple yoga poses and breathing
exercises with the support of a printed manual, take home handouts, video, or application on
their phone or tablet device. Research could also explore how yoga supports children and
adolescents during cancer treatment while also building confidence and behavioral patterns that

help sustain an active lifestyle throughout survivorship.
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/ Take Home Message

Yoga is a safe and beneficial form of physical activity for children with cancer. While
further research is needed, preliminary findings demonstrate that yoga may improve
child perceived physical functioning, reduce pain and anxiety, and promote general
wellbeing. Future research will contribute to the development of effective strategies

for offering yoga to patients and survivors at all points of the cancer continuum.

_/
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Appendix 14.A

Websites

Yoga Thrive for Youth:

http://www.ucalgary.ca/healthandwellnesslab/programs/yoga-thrive-youth

Yoga Thrive Program and Teacher Training:

http://www.ucalgary.ca/healthandwellnesslab/programs/yoga-thrive

Chapter 14
244


http://www.ucalgary.ca/healthandwellnesslab/programs/yoga-thrive-youth
http://www.ucalgary.ca/healthandwellnesslab/programs/yoga-thrive

-------------------------------

Appendix 14.B

Yoga Thrive for Youth General Class Outline

Category of Poses Focus of Pose/Rationale for Use
Journaling® To promote mindfulness.
Warm-Up To warm-up the body with gentle supine movement.

To integrate breath work and continued mindfulness.

Supine/Seated/Kneeling/Prone To start introducing more physical poses to prepare
the body for the standing sequence.
To continue integrating breath work and mindfulness.

Standing To challenge the body with standing and
strengthening poses: Focus on major muscle groups
and joints.

To continue integrating breath work and mindfulness.

Supine/Seated/Kneeling/Prone To start moving back down to the floor.
To continue integrating breath work and mindfulness.

Cool-Down To cool-down the body with gentle supine movement
To continue integrating breath work and mindfulness.

Final Resting Pose To accrue physical and mental benefits from the
class.

Journaling*
To promote mindfulness.

* Optional if time permits.
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Appendix 14.C

Yoga Poses Described in the Chapter

Tree Pose/Vrksasana (variations with the lifted foot on the opposite ankle or thigh)

Modified Tree Pose/Vrksasana (holding a chair)
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Relaxation Pose/Savasana (variations without and with support under the hamstrings)
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To find out more exercises visit the Health & Wellness website:
http://www.ucalgary.ca/healthandwellnesslab/yty-manual to download Yoga Thrive Youth.
Practices to promote wellness during and after childhood cancer treatment. Robyn Long, S.
Nicole Culos-Reed and Gregory Guilcher. The Health & Wellness Lab, Faculty of Kinesiology

University of Calgary. 2014.
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Chapter 15

The Power of Play: Technology Enriched Physical Activity

Melanie Keats, PhD

/ Learning Objectives:

After completing this chapter you will know:
e ...how to describe the role active video games play in fostering increased activity
enjoyment and motivation to participate in physical activity.
o ...the role of active video game play in reducing sedentary screen time and promoting

physical activity and increased energy expenditure.

\ ¢ ...the benefits and limitations associated with active video game play.

~

J

Introduction

The use of physical activity (PA) as a feasible, safe, and supportive adjunct to promote
physical functioning and enhance overall quality of life (QOL) in adult cancer patients and
survivors, both on and off treatment, has been well established 2. Although there remains a
lack of comprehensive, systematic study of PA interventions for children and youth with cancer,
emerging evidence suggests similar benefits may be safely attained *°. Although greater study
is needed, given the potential range of both short and long-term benefits, there is a clear need
to support PA opportunities among patients and survivors of pediatric cancer. What is less well
understood however, is how best to promote physically active lifestyles in a predominantly
sedentary and/or insufficiently active population ©?.

Getting back on track to healthy growth and development in childhood and across the
lifespan requires survivors to make major changes in their routine PA patterns. Yet this is easier
said than done. For example, studies with healthy youth have shown that youth frequently cite
numerous barriers to being physically active, including a lack of time and preferring more
appealing (e.g., fun), often sedentary, alternatives to PA (e.g., watching television, spending

time on the computer, playing sedentary video games) °. Additional barriers to PA include social
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influences, accessibility, cost, weather, safety concerns and quality of play facilities *'". These
barriers can be even greater for children from low socioeconomic households, whose parents
lack the finances to enroll their children in organized sports/activities. Although PA participation
is further complicated by the additional influences of the medical and therapy-related effects
associated with a cancer diagnosis, research with childhood and adolescent survivors has
shown that young survivors who are appropriately supported (e.g., family, friends) can

overcome these medical barriers and successfully engage in PA ',

Power of Play

Although PA is associated with numerous health benefits, it is clear that there remain
significant challenges in attracting those who have a poor attitude (e.g., fear, dislike activity)
towards PA and keeping those who do begin a program motivated to achieve lasting
participation and thus the associated benefits. While several factors have contributed to our

increasingly sedentary lifestyles, screen-based technologies have been the source of much

recent attention. Screen time has

/ AVG Practical Recommendations been linked to an increased risk

v" Prepare a safe space with plenty of room to move of disease and all-cause and
and when playing a multi-player game, ensure that

there is sufficient room between players to avoid cardiovascular mortality , and

contact and potential injury. guidelines have been presented
v' Select a variety of games (e.g., dance, sport, fitness, ] )
fantasy, adventure) based on the interest and ability advocating for a reduction of

(age-appropriate).

v' Select games with multi-player options to facilitate sedentary screen time in youth

both cooperative and competitive game play (create (e.g., a 2 hour daily maximum) ™.
challenges, tournaments and leaderboards to foster ) )
motivation). Rather than competing with these

v' Be a positive role model - PLAY TOGETHER (create
family events/challenges, challenge
physicians/nurses to a game). novel strategy gaining momentum

v AVG are NOT meant to replace traditional PA.

highly attractive technologies, a

is replacing sedentary screen time

with active screen time. Specifically,
active video games (AVG) are well-suited for individual, group, cooperative, and competitive
game play and may be a viable method to reduce sedentary screen time and promote more
active lifestyles """,

An emerging body of research suggests that AVG are the “latest tool in the arsenal to
improve health outcomes” '®. AVG capitalize on the interactive and immersive qualities of

traditional sedentary games, but also incorporate additional “motion capture” technology that
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fosters increased movement. A recent review by Barnett and colleagues '° noted that the
growing interest in AVG as a means of promoting PA is based on at least four key reasons.
First, and perhaps most importantly, recent studies have shown that while not a replacement for
vigorous PA, AVG can increase energy expenditure to light or moderate levels (comparable to
traditional activities such as brisk walking, skipping, and jogging) and can both increase PA time
and decrease sedentary screen time. Second, video games are very popular and studies have
shown that AVG can foster positive attitudes towards activity (e.g., greater enjoyment, “playing”
rather than exercising) leading to enhanced PA adherence, greater PA volume, increased
energy expenditure, and associated changes in health. Third, as many as 47% of Canadian
households have at least one gaming console (e.g., XBox, PS3, etc.) and 30% report playing
every day. Fourth, the presence of home-based exercise equipment can address commonly
reported environmental barriers (e.g., safety, accessibility) to PA.

As today’s children and youth are pervasive users of digital devices, the growing
availability and popularity of AVG has the potential to have a substantial impact on the PA levels
and subsequently the health of children and youth. Harnessing the fascination and wide appeal
of video games, AVG has the ability to attract those children and youth who shy away from less
appealing, traditional fitness activities '®. Importantly, AVGs are not confined by environmental
barriers such as perceived neighbourhood safety, seasonal variations, or inclement weather '
% Moreover, it can give those youth with body-image concerns (e.g., overweight) and perceived

social barriers ?', less experience with PA, sport ability,

or stamina an opportunity to practice the skill in a safe ( AVG Website Resources

and entertaining environment — ultimately creating the Exergames Unlocked
http://exergamesunlocked.org/

confidence and efficacy ?* needed to optimize sustained
Exergame Fitness
www.exergamefitness.com

a unique and interesting avenue of research, whereby )

behavioural change. While yet to be fully explored, this is

AVG may act as a novel means of entry into organized sport and “real-world” PA. For example,
there is some evidence to suggest that AVG play may foster the development of fundamental
movement skills (i.e., agility, balance, coordination) essential to the pursuit and maintenance of
a physically active lifestyle ?°. As children become more familiar and confident in their abilities
through AVG, these qualities may be translated into improved attitudes and engagement in
more structured PA ?*. Refer to Table 15.1 for an overview of the benefits and limitations of AVG

in pediatric oncology.
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Table 15.1. Benefits and limitations of AVG in pediatric oncology.

Benefits of AVG

Limitations of AVG

Provides an engaging and fun PA
environment

May attract those survivors who are
reluctant to participate in traditional sport-
based or fitness activities

Increases energy expenditure

Provides immediate performance
feedback

Potential for motor skill development

Offers a variety of activities, ranging in
activity intensity (e.g., yoga, sport-based
games, fitness programs)

Offers a PA alternative for when inclement
weather prohibits outdoor activities

Provides opportunities for both individual
and group play as well as cooperative and
competitive play

Accessible — potential for hospital, home,
and school-based interventions

Adjunct to existing PA programming

AN

AN

Activity intensity is reduced for novice or
inexperienced users

As with any PA, there is always the risk of
injury
Novelty appears to diminish rapidly

Ability to foster sustained PA participation
is not clear

Currently confined to indoor PA options

Cost of gaming systems and rapidly
evolving technologies may be prohibitive
for some families
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Future Directions

Technology plays a large role in our everyday lives and as new technologies continue to
emerge, so too will our desire to use them. While the use of technology to measure PA
behaviour (e.g., pedometer, accelerometer) is not new, the use of technology in promoting PA is
gaining popularity. Although many options exists AVG continue to play a predominant role in
health promoting technology. In fact, Nintendo™ recently announced their newest gaming
platform will be based around developing entertaining and engaging software designed to
improve health and QOL. This is not to suggest that technology will be the solution to fostering

physically active lifestyles, however it appears that it may play a predominant supporting role.

/ Take Home Message

Given the innumerable benefits associated with PA and an increasingly sedentary
population, innovative approaches to promoting PA are greatly needed. While yet to

be fully explored, AVG may act as a viable means to increase PA participation and

_/

reduce sedentary behaviours
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Chapter 16

Practical Tips for Engaging in Physical Activity

S. Nicole Culos-Reed, PhD

4 )

After completing this chapter you will know:

Learning Objectives

e ... practical steps that can be taken to integrate the childhood cancer survivor back into

physical activity, from both the family and health care professional perspectives.

\_ J

Introduction

The benefits of physical activity (PA) for all children are well-known, including positive
impacts on both physical and psychosocial outcomes . When considering the impact of PA on
children with cancer, the potential benefits are even more important to realize and have been
outlined in Chapter 2 (physical, psychosocial, fatigue and neurocognitive).

Integration of children with cancer back into PA programs within their community settings,
however, requires considerations at both the medical (i.e., physician) and family levels.
Specifically, at the physician level, screening, contraindications and communication should be
considered. At the family level, social support, facilitating communication between the medical
and fitness professional, helping a child find the benefits (including fun!) and developing
strategies to deal with the potential barriers are all considerations to be addressed. This chapter
is designed to provide the roadmap for navigating the transition from in-hospital or cancer-
specific programming in the community back to the usual PA programming (e.g., sports, club

activities or community exercise programs) in the community-setting.

Information for Physicians

Screening, and in particular noting contraindications for PA participation, is a crucial

aspect of the communication to the family considering their child’s involvement in a PA program.
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Weiss-Kelly’s article on PA prescription for childhood cancer survivors focuses on using
exercise to ameliorate the long-term side effects of cancer treatment 2. Guidelines for physicians
suggest evaluating the survivor’s risk for long-term effects and prescribing PA to manage and
potentially prevent some of these problems. Thus, it is crucial that physicians be educated on
the role of PA for some of the most common long-term negative effects, such as obesity,
osteoporosis, cardiovascular disease, and diminished overall quality of life. Refer to Appendix H

and J for an example of a physician clearance form and client intake form.

% oV &

Information for Fitness and Physical Education Professionals

When working with childhood survivors of cancer, communication with families and
potentially the medical team is paramount to success! This will ensure that you have the
necessary and correct information to provide a safe and healthy activity environment for the
child. Using an appropriate intake form to track important information is useful. Reading
background information on the child’s specific cancer and the long-term effects associated with
their treatment can also aid you in the decision-making around what activities might be most
beneficial.

While there may be some activity restrictions based on physician guidance, allowing the
child to participate in all activities, as he/she is able, is important not only for physical well-being,
but also for the self-esteem of the child. This may require modification of activities to include,
instead of excluding the child, from his/her peers. In addition, providing positive reinforcement,
encouraging the child’s strengths and treating the child as normal as possible will promote self-
improvement and result in a healthy sense of self-esteem and self-confidence for being active.

Finally, encouraging the activities with peers will foster social support, enhance the development
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of social skills, and contribute to an environment of FUN for the child. These, in turn, will be

likely to enhance continued activity participation.

Information for Families

Families want to provide a healthy environment for their child. To facilitate physical
activity, there are 3 key tips: Communication, Support, and Engagement.

First, communication with both health and fitness/education professionals is paramount
to enhancing your child’s PA participation. You are the liaison between the medical community
and the fitness/sport setting your child is in. Including regular updates for any change in health
status that might impact PA participation is important. A message to both the health and fitness
or education professionals that you value the role of PA in your child’s life will be instrumental to
ensuring that these parties continue to support and promote PA for your child.

Second, support for your child for engaging in activities in their usual setting — whether it
be back to sport, physical education classes at school, or engaging in another active community
program — shows that you support active healthy choices.

And finally, the third component is engagement. Modeling positive PA behaviors and
engaging in active healthy lifestyle choices will be beneficial not only for your health, but further
supports your child.

Together, we all want to enhance the PA experience for the childhood cancer survivor.
Health care, fitness and education professionals, along with the families, must communicate
and collaborate to support the child in achieving healthy lifestyle behavior changes. Doing so in
a supportive and fun environment will result in positive habits that enhance both the physical

and psychological well-being of the child.

/ Take Home Message

Families, health care professionals, and fithess professionals must work together as
a team to promote an active lifestyle for the childhood cancer survivor.
Education, communication, social support and engaging in active lifestyle choices
themselves are all important for the family members as well as the health and fitness

professionals to consider. These behaviors will aid in making the transition for the

child as smooth and supported as possible /

Chapter 16

258



...............................

References
1. Lipnowski S, Leblanc CM, Canadian Paediatric Society HAL, Sports Medicine C. Healthy active
living: Physical activity guidelines for children and adolescents. Paediatr Child Health.
2012;17(4):209-212.
2. Kelly AK. Physical activity prescription for childhood cancer survivors. Curr Sports Med Rep.
2011;10(6):352-359.

Chapter 16
259



Appendix A

Appendix B

Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H

Appendix |

260

Appendices

Common Medication List

Physical Activity Guidelines

Blood Pressure Measurement in Children
General Physical Activity Guidelines
Pain Scale

Rating Perceived Exertion Scale (RPE)
Client Intake Form

Physician Clearance Form

Infographics



Appendix A

Common Medication List

261



90| Jejnosnwoinau

pue Auoixojoiydau ‘AN01x01010 | yses pue eibeiyue ‘Buniwion ‘easneN suonoaU| uloeyiwy ulwy
eluadolfooquioly) ysel pue ayoepeay ‘uoisnjuod
pue eluadodna| ‘elwasaubewodAy ‘elwaeoesodAy
‘elwaue ‘AnoixololydsN ‘ured 1s8y9 ‘Buniwon ‘easnep suonoajul [ebun- g uualoyduy awosiquy
EXE]
areydsoyd poojq pasealdsp
pue Jnoiaeyaq [ewsoude ‘ured
wiol ‘sisaloydelp ‘ured 1sayo
‘Buiyon ‘spasjgasou ‘anbiey uonednsuod pue eayurelp ‘ybnoo (xajdwoo
‘1anay} ‘eaudsAp ‘Buniwon pue ‘ssauyeam ‘Uond8jUl ‘SIadIN yinow SIS019]9s snoJagn])
rasneu ‘eluadoifoued ‘(ups Aip | ‘auiuneald ‘apuadA|bll pue |0181s9|0yd euwolfoonse (|9
pue sude ‘ysel) sws|gosd us ‘as09n|f pooj|q pasealoul ‘elwauy welb rewApuads gns snwijoJang 1o)UY
uononpolid snanw
slowsal pue 49 pasealoul pue JaAd} ‘s||iyo ‘Buniwon
paseaJoul ‘ured 1sayd ‘swiajqosd | ‘easneu ‘uoneill 1eo.yl ‘uond|ul 1o0el) |0J218WI[eS
Buiyreaiq ‘ysel ‘saAly ‘1anaH Aloresidsal Jaddn ‘suonoeal 21619|v ewyiIsy + BUOSEINN|H lrenpy
SIS0J03U anssi) elWBUR
pue uoledISaA Sa)i|N||9d ‘ain|re} eioadoje pue uoneluawbidiadAy
[eual ‘ainjiej Leay ‘uoneiadin ‘uoisualodAy ‘uonaalul (siIsayiuAs ¥NQ
‘suonoeal AlanisuasiadAH J0 31s 1e Buluing ‘BuniwonA “easneN | uqIyul) siowny SNoLeA ulsignioxoq ulIwellpy
aouaunuooUl
pue sisainua ‘sisaloydelp ‘wsixniq
‘sSsauIZzIp ‘SSaUSNOAIaU ‘sBuims poow
uouswouayd s,pneuiey ‘yinow AIp
‘sso| Jybram ‘eluwosul ‘ured jeuiwopge
sabueyd ybisaka pue sainzias ‘ayoepeay ‘uoisualodAy/iadAH aHavy aulwelaydwy |reJappy
INIIAIHONI
S103443-3dIS J4dvd S103443-3dIS AYVINIAd 1394UVL ALV JANVN ONdd

262



unjs 1o saka mojeA

pue Buipaalg fensnun ‘Bulquian BIWOIS0IaX BuniwopeasneN
‘ysel ‘wseds ajasnw ‘swajqoid pue uoiednsuod ‘ayoepeay ‘yosads paonpu|
Alowsw ‘abueyd [einoineyaq | palinis ‘SSauIsSmolp ‘ssaupapeay ybi| -Adelsayloway)d
‘Aaixue ‘Bupjuiy) rewsouqy ‘ssauizzIp ‘ssaulpealsun ‘ssauiswn|) ‘siaplosip A1BIxuy wedazelo ueAny
yseu
pue smunid ‘aaipunel ‘aousinieyy uonedisuod pue eaylelp
‘eisdadsAp ‘eibeydsAp ‘Buniwon “easneu ‘uoisuanadAy aseasIp
‘eIxaloue ‘selwylAylie ‘ewapa ‘eiwaoA|hiadAy ‘elwsexiadAy 1soy snsian yelb
‘Ayredolinau ‘sainzias ‘ssaulzzip ‘elwiduUe ‘BlUWOSUI ‘SeISBYISaSAp ‘lesianal uonoalal
‘A1o1x0101ydau ‘uoisnya [einald ‘slowal) ‘aydepeay ‘eaudsAig —we|dsuen uebio snwijoioe | 1eibeisy
sso| Bulreay pue Buniwoa
‘ssaulzzip ‘spuey/sade} Buljjams Buipas|q (eresspow ploe
‘ured 1say9 ‘uonoeal albIv||vY |9 pue Basneu ‘aWOoIpUAS s,0hay 0] pjiw) Jalai ured J1jka11es-|A190Y uldsy
anbiye)
pue ssaulzzip ‘a|paau punoJe ured rewoydwA|
9INZI8S pue UOISIA pue ssaupal ‘uoirediisuodyeaylielp anse|qoydwA|
palin|g ‘SaniwaJlXa ul ssauquinu ‘Buniwon ‘easneu ‘ayosepeay ‘ybnod [[99-1 pue elwaNa|
‘Ssauyeam ‘UoeUIpIo0D ‘eluadoyna| pue ‘eluadoifooquiolyl onse|qoydwA|
JO SSO] ‘SSBUISWNO 10 UoISNJU0D ‘eluado.inau ‘elwsuy aInoe [|99-1 auligeJe|aN uouelly
wisedsoyouolq pue uonuslal eibjeiyue pue eibjeAw ‘reeanin/ysel
Areuun ‘ured 1sayo ‘elwuylAylie ‘Buneams ‘J1aAa) ‘ssauIZzIp ‘S|Iyo
snuis ‘uoisuajodAy ‘eipredlpelq ‘eisdadsAp ‘uonednsuooyesylrelp (onawe-nuy)
‘ssaupapeay b “eipsedkyoe | ‘anbiye} ‘ayoepesH BuniwopeasneN uoliase|oq Pwazuy
aolpune(
pue uoreuun yum swajqoid |  srea ul Buibull pue BIWOISOIaX ‘UOISIA
‘salnzias ‘elouesed ‘Bunure; palin|q ‘sabueys poow ‘ayoepeay uaydoulwolady
“dH Mmojs pue Bulyreaiq mojeys ‘Buniwon “easneu ‘ssauizzip ‘Al1aixuy Jo119Y ured 4+ BUIBPOD eIsxauy
INIIAIHONI
S103443-3dIS J4dvd S103443-3dIS AYVINIAd 1394UVL ALV JANVN ONdd

263



aseasIp
SAISN[D00-0UdA puUR ‘Sainzias
‘uoneiuswbidiadAy ‘sisoiqly

Buiysnj) pue easneu

(uoneiueldsuel |
MOJIeIN

(sereuoyns

Areuownd ‘uonednsuod ‘eaydrelp ‘ayosepesH auog) eiwaynaT [AV) uejnssng Xaj|hsng
eluadoifooquioiyl
pue eluadoxna| ‘elwaue
‘sso| yBram ‘eixaloue ‘BuniloA ‘s|Iyo
SIISOONW pue SIewWoIs ‘yreap ‘Jans} ‘snewols ‘eloadoje ‘sabueyd
‘sisouqly Areuownd ‘sniuownaud [leu ‘sisolelaxladAy ‘suonoeal | (spuedis ¥YNQA Syealq)
‘suolnoeal aslanpe Aleuowind AunnisuasiadAy ‘uoneiuswbidiadAH Jnjoiginue Jownuy uioAwoalg uexoua|d
eise|dsApojaAw
pue 1WoA punoib aayod
‘yrealq Jo ssaunoys ‘iojed ssauxeam pue Buniwoa ‘easneu
‘Bunurey ‘sjoo1s Apoo|q ‘ured ‘ured ajasnw ‘aydepesay ‘SsauISMoIp
1S9Y9 ‘suonoeal 216.19|[e a1anas ‘ssaulzzip ‘eaylrelp ‘uonednsuod ewoydwAT
‘uoisnya eina|d ‘eluownaud ‘ured xoeq ‘suonoajul ‘seiuadoif) s,ujbpoH-uoN gewnwniso | lexxag
|ojouedo.d
‘lojoAigau
‘lojopeu
‘lojoadolaw
‘lojoadosiq
anbne) pue sdwelid ‘lojouare
yoene Ueay pue ainjey 3J2SNW ‘UOISIA paJin|g ‘ysel ‘Buniwion sjuabe Bumoolq ‘lojoingaoy
eay ‘uoisualodAy ‘eipredfpelg ‘easneu ‘sdweld yorwols ‘eaylrelq oiblaualpe-elag :S19)20|q-e19g
elinuiaoid uoisuauadAy pue
pue suoneiopad |9 ‘Sjusna uonoajul ‘anbie} ‘ssauquinu ‘Buljjoms
Jljoqwiaoquioly) ‘sixelsida ‘ured mel ‘sabueyd aise) ‘upys 1o saka
‘aunn Aweoy ‘ayoepesay 219AaS Alp ‘swoidwAs pjoo ‘emadde Jo ssO| (TAV “11V) elwaxng|
‘ssauqwinu ‘Buisinig Aseg ‘eaylrelp ‘ured xoeq ‘ayoepeay plIN ‘ewolse|qolo gewnzixenag UullseAy
INIIAIHONI
S103443-3dIS J4dvd S103443-3dIS AYVINIAd 1394UVL ALV JANVN ONdd

264


http://en.wikipedia.org/wiki/Pulmonary_fibrosis
http://en.wikipedia.org/wiki/Pulmonary_fibrosis
http://en.wikipedia.org/wiki/Hyperpigmentation
http://en.wikipedia.org/wiki/Seizures
http://en.wikipedia.org/wiki/Veno-occlusive_disease
http://en.wikipedia.org/wiki/Veno-occlusive_disease

Bueams pue Ayredoinau
‘uawiyoelap [eunal ‘sniunid
‘suonoeal AunnisuasiadAy
‘Aouanbaly Areunn ‘snirewols

uoisuauadAy
‘eIxaloue ‘eaylrelp ‘eiwaue

‘ured [euiwopge ‘easnepN ‘eluadoifooquiolyl ‘eluadonnaN sixejAydoid AND JInojoAoues 9UBA01ID
Jans) pue sdweld yorwols yinow apisul salos
3I9A3S ‘sNIj0d ‘suonoeal aIbiaje pue anbuo] a1os ‘eayrelp ‘Buniwon
‘uoneulIN YNoIp Jo [nyured ‘Jansy ‘easneu ‘1asdn Jo sdwelo yorewols
‘ured 1s9Y9 ‘sjo0ls Alrel Yoelg pliw ‘suonaoeal AlAnisuasiadAH (onoignuy) suonasjuj ullodsoeydad
AyredoAw
pue ysels ups ‘elwaexodAy
‘elwaoA|BiadAy “elwalreuodAy
‘elwareydsoydiadAy
‘ewapa ‘eluadoifooquioiyl siown] pue suoloaul ‘eluadoang) sixejAydoid uonoslal
‘ured [euiwopqy ‘elwaue ‘BuniwoA ‘easneu ‘eayllelq —we|dsuen uebio alejouaydooA 1dad|19D
yooaads paun|s ‘saka o upjs
MOJ|2A ‘Xoene ewyise ‘saysel ssauizzip
uiys ‘poojq HWoA ‘Buljjoms ‘Buniwon “easneu ‘uingueay ‘seb
‘dg ybiy ‘axons “yoene LesH | ‘eaydrelp ‘uonednsuod ‘ured [euiwopqy | ured pue uonewweu| gIX093|0D Xal1qa|aD
[[wedelan
‘auidipjosiu
‘auidipayiu
‘auidipseoiu
‘auidipeusi
‘auidipolay
‘wazen|ip
ssauizzip ‘auidipojwy
ain|rey pue SSauISMoJp ‘dg MO| ‘ewaud dg ybiH oureipad :s19)20|q

eay pue uonaunjsAp el

‘ysel ‘syoepeay ‘easneu ‘uonednsuo)

pue uinguesH

[auueyd wnioed

sauols Aaupiy
JO Sl 8SEaIdUI ABW ‘B)ElUl UZ pUe 94

BWOIPUAS I/xe NI | yum salapaiul ‘uolrednsuod ‘eisdadsAQ elWwaeo[ed0dAH wnioe)
INIIAIHONI
S103443-3dIS J4dvd S103443-3dIS AYVINIAd 1394UVL ALV JANVN ONdd

265



wisljoqwiaoquiolyl pue eibjelyle
‘obiuan “ewapa|ided yum
ainssaid [eiueloeul pasealoul
‘SUOIS|NAUOYD ‘siijealoued
‘ainidni uopual ‘sasuoq Buo)

Jo ainjoely oibojoyred ‘speay
[eJoWNY pue [BJOWS} JO SIS0II8U
ondase ‘sainoel) uoissaldwod
[eiganaA ‘sisolodoalso ‘ssew
ajosnuw Jo sso| ‘AyredoAw ploials
‘siInaseA pue snigajydoquwioly)
‘wisljogquIsoqWioly)

‘eipredAyoe) ‘adoouAs ‘ewapa
Areuowind “ewapa ‘uonaejul
[elpresoAw Juadal Buimoj|oy
almdnu eipJesoAw ‘uoisualiadAy
‘wisijoqua e} ‘ainre}

ueay annsabuod ‘asde|j0d
Alorenono quawabiejua

Jelpsed ‘selwylAylie seipied
‘1salre oeipJed ‘elpredhpelq
‘Teaqureay Jejnbaua ‘ured

easneu

pue uonualsip [eulwopge ‘abeylioway
pue uoneiopad renuajod yyum

J99|n andad ‘Buifeay punom paireduwi
‘Buijjams ‘ssauxeam ajosnw ‘uingueay

mel 10 1Say9 ‘sayse|] 10y 219A3S ‘wsnnsay ‘ureb 1ybiom ‘amadde (A1orewwreyui
‘yrealq Jo ssauloys ‘JanaH ul asealoul ‘AlljIgelLll ‘eluwosu| -jue)uonewweu] | duoseylawexaq uoJpedad
ssauizzip
pue uoisualodAy ‘enioydsAp
‘9oUsjouWOoS ‘wnuIBp
‘10dnis ‘uoissaidap Aiojesidsal uonualal Areuln
pue reusw ‘swoidwAs o10ydAsd | pue yoewois 19sdn ‘easneu ‘uinguesH Ja118l ured aulvpo)
Anoixojoiydau pue
Ao1xojoreday ‘aseasip oneday unys Ajbun/yiwrem
BAISN[D0-0UdA ‘SH|S ‘DWO0IPUAS pue ysel pjiw ‘A1aixue ‘anbie}
SISA| Jown) ‘uoissaldnsojaAN | ‘aydepeay ‘eaydlelp ‘BuniWoA ‘easneN (771v) elwaynan auigeJejo|d ejo|p
INIIAIHONI
S103443-3dIS J4dvd S103443-3dIS AYVINIAd 1394UVL ALV JANVN ONdd

266



Aaixue pue swoldwAs
91| Uosupjied ‘ayoepesaH

SIUSWIBAOW Pa)|0AU0dUN pue ‘sayse|)
104 ‘BILIOISOISX ‘suonoeal 2161a|y

(onawa
-nue) Juawabeuew
Buniwon pue easnen

auopuadwog

auopliadwog

aualaweln
‘auoioejouolids
‘auouals|d3
‘apliojiwy :Bulreds
wnisselod
"apIWaslio]
‘apiwasoiny

‘p1oe aluAioeyia
‘apluelawing
:sanaliniq

dooT ‘suozeelaw
apiwedepul ‘a

Ssauyeam p1ze1ylo.1ojy20ipAy
Buniwon pue easneu pue ayoepeay ‘1asdn yoewols ‘apizelyiolojyo
‘ured ‘sdweld ajasnw ‘Buiyrealq ‘Buiyoyl ‘enadde Jo SSO| ‘UOISIA :sapizeiyl)
a|gno. ‘Buljiams ‘Buiydll ‘ysey paln|q ‘ssaupapeay-1ybi| ‘ssauizziq | ewapa ‘uoisuaadAiH sonalnig
saysel upjs pue Aouelisay
1o uonuajal Areuln ‘eayielp
‘eIxaloue ‘ainssaid poojq
pue arel Leay Ul suonelale
‘wsedsobuAilie| 10 wisedsoyauoiq
‘eaude ‘uoissaidap Aloresdsal Buiyou pue Buneams
‘suolreulan|rey ‘Bunurey ‘BILI0ISOJBX ‘Bydepeay ‘ssaulzzip
‘ssaudeam ‘UoISNJUOD ‘SBINZISS ‘uonednsuod ‘BuniwoA ‘easneN wawabeuew ured auoydiowoipAH pipne|ig
yrealiq Jo uoys buiaa}
pue wyAyl Leay Jenbai
‘ured 1s8yd ‘aa1punel ‘auln rep
‘emadde Jo sso| ‘ured yoewols ureb
Jaddn ‘ured ajosnw ‘ssauxeam Jo 1ybiam pidel pue Buljjams ‘Buniwion
anbie} Janas ‘Buisinig rensnun ‘easneu ‘uoisnjuod ‘uonednsuod
‘salos |njured ‘1ana) ‘saAly ‘easneu ‘sayoepesy ‘lowall
‘ysel upjs ‘Buimolems ajgno.y ‘BIUWOSUI ‘SSBUSNOAIBU ‘SSaulzzip
‘Buljjams ‘sjybnoyl [ep1oing ‘yoaads pauin|s ‘swajqoid Buje S9INZI9S SludAald uio)Auayd unue|ig
INIIAIHONI
S103443-3dIS J4dvd S103443-3dIS AYVINIAd 1394UVL ALV JANVN ONdd

267



sinuydau pue snieday ‘suonoeal
AunisuasiadAy ‘Anoixoloreday
‘selwyifyie ‘sniealoued
‘anbBie} ‘sjoo1s afed ‘aulin yJep
‘saka 10 unpys ay1 Jo Buimojeh
‘Buizeaym ‘Buiyrealq Aynaiyip

uonednsuod pue amadde
10 SSO] ‘yinow AIp ‘ured yoewols

‘sanly ‘Buiyol ‘ysel upjs alanas ‘easneu ‘eayllelp ‘yoewols 1asdn | (onoignuy) suonoasju| upAwoIyAIg u1ooJ4yifig
sinealoued pue
eIWa2A|61adAy ‘ured ‘ayoepeay
2I9/3S ‘ssaudeam ‘ainzias
‘Jansy * ‘abeylloway ‘sisoquuio.y) ured yoewols pjiw
‘yoewols Jaddn ul ured aianss pue eaylelp BuniwoA ‘easneu pjiN (771v) elwayna aseulbredsy 9zeuimi3
'salnyea) [eloe} Jo Buljjlams pue
Buizaaym ‘yrealq Jo ssauloys
‘eluwosul ‘saJos yinow
‘ured eulwopge ‘ayoepeay
‘emadde Jood ‘uonednsuod S|ans| winisaubew moj Jaoued
‘eayuelp ‘Buniwon ‘easnep pue JaAs) ‘ssauxeam [elauab ‘ysey 398U pue pesH gewixnia) XnqJ3
BIUWOSUI pue SsJea
‘ayoe | ul Buibuu ‘ysel piiw ‘enbiey ‘ssauizzip
auog pue s|[Iyd ‘1ana} ‘Bunesms ‘ayoepeay ‘sso| Jrey ‘sdnoaoiy
Aneay ‘areulin 01 ajgeun ‘amadde Jo sso| ‘uonednsuod io Jjuswabeuew
qoy/A1saiy1 A1an ‘1o Buissed | eaydrelp ‘uinguesy ‘Buniwon ‘easneN BuniwopeasneN juendaidy pusw3
eluadosnau pue ured 1sayd
‘Isalle oeIpJed ‘ain|ie) Leay
‘eluyiAylre ‘eluownaud pue
‘uoisuauadAy Areuownd ‘ewapa
Areuowind ‘ssansip Alojelidsal
‘elwaeoeasodAy ‘aaipunel ‘yinow
Ul salos ‘eipsedAyoe) ‘ainzias 199} pue spuey ui Buljjams Adesaylowayd
‘eipJedApelq ‘ssaupapeay pue JaAa} ‘ysel pjiw ‘A1aixue ‘anbie} 01 Arepuodas
jure} ‘yrealq Jo ssauloys | ‘syoepeay ‘eaylrelp ‘BunWOA ‘easneN elwasunIadAH aseolngsey MEMIE|
INIIAIHONI
S103443-3dIS J4dvd S103443-3dIS AYVINIAd 1394UVL ALV JANVN ONdd

268



SISAD pue ysel

ups ‘eauyelp ‘ured feulwopge
‘eIxaloue ‘ssauxeam ‘ayoepeay
YUM 1SJ1Y] dwaixa ‘Buizeaym
‘sniuownaud [elonsiajul ‘ured

eluadoifooquiolyl
pue eiwaue ‘eluadodna|

ewolse|qounal
“ewolse|qoinau

1say9 ‘Iojjed ‘sjo0ls pue auln ‘JN0J02 UpS pue sjreu ul sabueys ‘sewioydwA|
ul poojq ‘suonoeal onejiydeuy | ‘suonoaul ‘ernadofe ‘Buniwon ‘easneN ‘selwayna | apiweydsoydooAD [exouso
Buniwona pue
Basneu ‘ealyelp ‘ewsalexiadAy smunud
‘elwaue ‘eluadoifooquuoyl pue IsoyouadAy ‘ayoepeay ‘siowan | sAxejiydoud uonoalal
‘eluadoyna| ‘Aousioiynsul reusy ‘sainzias ‘elwaduniadAy ‘suonodajul —wejdsuen uebio aulodsojoAD Jelbuao
ured »oeq pue sisaloydelp
‘eaudsAp ‘ybnoo ‘Buipss|q
[eunsalonsebd ‘ured feuiwopge
‘saoueqJnisip aisel ‘uonednsuod
‘snisoonw ‘siibeydosa uonejue|dsuel
‘sniewoss ‘seisayisaled Buniwon pue easneu anbne} molreuwl
‘ayoepeay ‘eixalouy ‘uonosjul ‘1anay ‘uoissaldnsolAN auog ‘elwana aulqetepn|d eJlepn|4
eluadoifooquioiy}
pue uonoeal a)I-SSauXdIS
wnias ‘Ayredoinau esayduad | siseljiuow pue swoldwAs axi-ezuanjjul
pue ondo ‘smbBuiusw ondase ‘uonosjul [eud1oeq ‘uoisianiad aise |
‘Ayredojeydssus ‘sabueyo ‘uonednsuod ‘emadde Jo ssO] ‘yinow
poouw ‘ured 1say9 ‘yrealq Jo AJp ‘ured yoewols ‘easneu ‘eaylirelp
SS9UIOYS ‘SSauquinu ‘sainziss ssaulzzIp ‘ayoepeay ‘ssaulzziq | (onoignuy) suonosyu| [0ZepIucBN |ABe|4
sIsAjoway pue ewapa Areuow|nd
‘uonuaial Areuun ‘selwylAyle
‘elpredApelq ‘uoisuaiodAy
‘AupiBu sjosnw ‘sainzias
‘elioydsAp ‘@ousjouwos
‘wnuiap ‘dodns ‘ssaupapeay suonoeal AlanisuasiadAy pue
by ‘reay swanxa ‘uoisnjuod snunud ‘yinow apisul salos ‘anbie)
‘ssauIsmolp alanas ‘Buiyrealq ‘ssauismolp ‘ayoepeay ‘uonednsuod (ured ybnouypeaiq)
MO|[eys 10 eam ‘YH MO|S ‘Buniwon “easneu ‘yinow Aiq wawsabeuey ured [AueiuaH
INIIAIHONI
S103443-3dIS J4dvd S103443-3dIS AYVINIAd 1394UVL ALV JANVN ONdd

269



smunud
pue uonolippe ‘Ssauyeam a1aNaS
‘uoIsnNyuoa ‘uIys p|oo ‘swseds

BIUWOSUI pue SSo| Alowsaw
‘ayoepesy ‘Buiysnj} ‘Buniwon ‘easneu

J1UOD0AW ‘saInzIas ‘elpiedApelg ‘eaysrelp ‘uonrednsuod ‘eixalouy Ja118l ured auydion ueipey
elwaue
pue eluadoifooquiolyy ‘ad1punel eluadoJnau
pue ured yorWOIS JIaNaS pue swoldwAs  a1-ezuanyul, ‘aNs
‘uoneuun fensnun ‘swajgoad | uonoalul e Buiuing ‘ysel pjiw ‘ernadofe
Burreay 1o uolsIA ‘1ans) ‘YH | ‘ybnod ‘eaudsAp ‘elIlIS0IaX ‘eIXxaloue
usaAaun 1o MOJS ‘1Se} ‘Inoineyaq ‘eaydrelp ‘Buniwon ‘easneu ‘anbie)
anissalbbe ‘uoissaidap alanas ‘ured ajosnw ‘ssaulzzip ‘ayoepesH ewoise|qolbuy BJ[e uoJapalu| Vv uoJiu|
Aupicged pue uoissaldap ‘ssoj yoewois 1asdn pue
Alowaw ‘uoneulpioodul ‘yosads ayoepeay ‘BILIOISOIaX ‘Ssaupapeay
paun|s ‘ysel ‘yeaquesy Jenbau Wbl ‘ssaulzzip ‘ssauismolq BlUWOoSU| auojoidoz aueAowl|
aln|rej Leay pue AI2IX0) eluadoxna| pue ysel (sisayiuAs
[elpsesoAw ‘Buipas)q Jo uondaul | ‘eloadoje ‘eixaloue ‘sdweld [euiwopge vNQ lqiyur) siowny
‘uoissaiddns molrew auog | ‘eaydrelp ‘sisoonw ‘BuniwoA ‘easneN pIOS “elwaxnaT uisignJep| uoAwep|
ewapa
selbelyne pue seibjeAw pue sdweid ajpsnw
‘ayoepeay ‘ybnoo ‘eaudsAp ‘anbiye) ‘ayoepeay
‘ysel ‘snirewols ‘eixaloue ‘ured uiol ‘yseus upys
‘ured euiwopge ‘uonednsuod elwaue pue eluadoifooquiolyl ‘eayielp ‘Buniwon
‘uoireuun njured ‘reryosrad ‘eluadoona| ‘elnadole ‘ured yoewols v
‘Jojred ‘1anay ‘Buizaaymn ‘anbiye} ‘eayulelp ‘BuniwoA ‘easneN ‘easneu p|IN “TND) elwaxnNaT gluirew|
elWaUR pue
eluadoifooquiolyl ‘eluadoinau
‘elwgexodAy ‘elpresdyoe)
1o Apelq ‘uonednsuod
‘exaloue ‘eisdadsAp
‘yINow INOA punoJe ssaugquinu
‘ured »oeQg MOJ| ‘|001S ApO0|q eWopa
‘easneu ‘yrealq Jo ssauloys | pue sdwreld sjpsnw ‘anbire) ‘ayoepeay
‘ureb 1ybram pideu ‘Buljjams ‘ured ulol ‘ysel upjs ‘eaylielp v
‘Buipaalg fensnun ‘Jana- ‘Buniwon ‘ured yoewols ‘easneu pjiN “TND) elwaxNaT gunew|
INIIAIHONI
S103443-3dIS J4dvd S103443-3dIS AYVINIAd 1394UVL ALV JANVN ONdd

270



uonoeal AlAnsuasiadAH BWaZ9 pue sninid ‘ysel uns siselpipue) ueIsAN u1eIS02AN
elwaexsadAy pue
elwaleuladAy ‘elwadsk|BodAy Janay
‘leuresnun ‘elwylAyre pue ysel upjs ‘eipsedfyoe; ‘ayosepeay
‘elUWOSUI ‘SSauIZzIp ‘salnzIas ‘eluadolfooquioly) “eluadonnau ‘ured siselpipue?
‘eisdadsAp ‘uonednsuo) | reurwopge ‘Buniwon ‘easneu ‘eayleiq Jo sixejAydoid uibunjeaiy auIWeRIAN
ured
qui aAulol pue uoisualodAy ‘Buniwon sixejAydoud
elwaexodAy pue ysel pliN ‘easneu ‘eayurelp ‘eisnaubsig | snmisAd aibeyliowsH BUSON X9USaN
SISOpIoe 2110€| pue UIS
ajed ‘sabueyd poow ‘syjeams Bunenuasuod Anoauip
p|oo ‘yoaads pauns ‘ssaueys | pue ayoe yoewols ‘aous|niel) ‘easneu
‘Teaqureay Jejnbau ‘Buiyrealq ‘yinow Ul 9)se) JljeIdW ‘emadde | (rebns poojq [0.3U02)
mojreys ‘Buniwon ‘ssoj 1ybiapn 10 SSO| ‘eayllelp ‘eixaloue ‘easneN sajaqelp ¢ adAL ulwIofia N abeydoon|o
salbia|e pue syybnoyy
[epoins ‘ysel ‘sanly ‘Buiyrealq UoISIA
a|gnoa ‘ ‘elwadA|bodAy Aunjq pue yinow Aip ‘ureb ybiom
‘Bupjuiy) lewsouqy | ‘ewapa ‘elxele ‘9ausjouWos ‘ssaulzziq ured aiyredoinan uireqebald 1RINN
Alowaw (suaned elwayna
10 @oueleq ‘yoaads ‘UOISIA YlIM 1o} DgM as
swajqoid pue uoneurnn njured ealJou|)Adesaylowayod
‘poojq dn Buiybnoa ‘Bunurey swordwAs axI-ny,, ylIM pajeloosse
1o ssauyeam ‘eipleddyoe) ‘ured pue ured ajosnuwi Jo juiol ‘ured auoq eluadoiinau
1sayd ‘ureb 1ybBiam pides ‘Buljoms | ‘ysel pjiw ‘aydepeay ‘sso| 1yblam ‘ssoj ‘uonejue|dsuen
‘Buisinig Asea ‘elwaue pue | Jrey ‘anbie] ‘emadde jo sso| ‘eaylrelp MOLIew auoq
eluadolfooquioly) ‘eljiydouisog ‘Bumuwon ‘ured yorwols ‘easneN ‘elwaue anse|dy winsowebires aunaT
eisdadsAp pue A1aixue ‘Buipas|q BlUWOSUI pue
1o Buisinig Asea ‘eluayise | ssauizzip ‘eaylelp ‘eixaloue ‘Buiiwon Jusawabeuew
‘Jana} ‘sreaqueay Buipunod 1se4 ‘easneu ‘ured yorwols ‘ayoepesH BuniwopeasneN uolasiuel (1134
ured anbire) pue ayoepeay ‘eluayise
pue easneu ‘eixaloue ‘ybnod ‘AJIgeIl “eluwosul ‘uoijoayul (ondajida
‘apioins ‘A1aixue ‘uoissaldag ‘ssaulzzip ‘ssauxeam ‘ssauldasls -jue) sainzias weladalnana eidda
INIIAIHONI
S103443-3dIS J4dvd S103443-3dIS AYVINIAd 1394UVL ALV JANVN ONdd

271



selbeAw

pue seifjelyue ‘swseds ajasnw
‘ybnod ‘eaudsAp ‘snAnNfuod
‘oBnJan ‘lowal ‘aousjouwos
‘1apJosip dag|s ‘eisayisaled
‘uoneaeibbe aurelbiw ‘eluwosul
‘eisayisaodAy ‘ssauizzip
‘uoisnjuoa ‘sainzias ‘swiseds
a[osnw ‘reaqueay Jejnball

yinow
AIp pue uonednsuod ‘ured yoewols

xn[jal

‘Burjjams Buiyol ‘sanly ‘ysel us ‘seb ‘easneu ‘eaylielp ‘syoepesH reabeydosa osseo |[ozeidawO wnixsN
elwaouniadAy
pue eise|dsApojaAw ‘elwaue uonaalul
‘eluadolAooquioly) ‘uonoajul Jo 1O 31IS 1e Bulyou pue yses ups pjiw
subis ‘ybnoo ‘eaudsAp ‘1epnoys ‘anbire] ‘1ana) ‘ayoepeay ‘ssoj drey Adesaylowayo
0] dn Buipeaids yoewols | ‘sayoe 9josnw ‘ured auog ‘uoiednsuod YlIM pajeloosse
Jaddn ya| ul ured aianas uappns ‘eaylielp ‘Buniwon ‘easneN eluadoJinaN winseb|iq uabodnaN
SSsO|
UOISIA USPPNS pue BIW0lS04ax
‘uoreulIn [ensnun ‘1ana)
‘Bunurey ‘sssuquinu ‘adodouAs eaudsAp pue
‘suoijeldied ‘eipreddyoey | ybnoo ‘asou Auuni ‘siiIsoonw ‘eaylielp
‘ured 1s8yd ‘ureb ybiam | ‘Buniwion ‘easneu ‘elUWOSUI ‘SSaUIZZIp pasnpul-bnig
‘Buijiems ‘yrealiq Jo ssaunoys ‘ayoepeay ‘saka Ul ssaupal ‘ewspy eluadolfooquioy | ujaARIdo ebawnapN
SIISOONW pue Snifewols
‘ewapa [eiayduad ‘ssauxeam
pazijesauab ‘eibfelyue ‘ured feuiwopge
‘eluwosul ‘eibjeAw ‘eisdadsAp
‘uoisianiad ajse) ‘ayoepeay ‘ured
[e19]9S ‘eIxaloue ‘19Ad) ‘uonednsuod
suonoajul Jo subis ‘Buniwon ‘eayuelp ‘elnadole ‘anbie)
pue yg pides ‘Buiysnyj Jo ysel ‘easneu ‘als uonosslul Ag dwin| prey Adeisaylowayo
upys ‘ssaulzzip JaAas ‘Yoewols Jo ‘ssaupal ‘ured ‘Buljams ‘Buisiniq yum pareloosse
Jaddn o] ul ured usppns alanas ‘sBa| 1o swue ul ured ‘ured suog eluadoJinaN winseb|ybad else|naN
INIIAIHONI
S103443-3dIS J4dvd S103443-3dIS AYVINIAd 1394UVL ALV JANVYN ONdd

272



uonejuswbidiadAy pue ‘einadoje
‘sayse. upys ‘Anoixoljoreday

uoIeIa|N [RUNSAIUI

(uoisinip

‘A1191X0) MmoJlew auog pue elwasniadAy ‘uoissaldnsolpA | (199 ugiyul) eiwayna auundoideaiay joyLulind
Buneams pue
139|n ‘s1s010d0also ‘ssauxeam ajasnw
‘ainjie) Leay annsabuod ‘saka Buibing
‘Buisiniq ‘sainjoel) auoq ‘sealoued
1o snbeydosao pawejjul ‘|INXs
uoissaidap 10 saka apisul ainssaid pasealoul
91oA3S pue Jnoineyaq anoyoAsd ‘suonoeal adA) a1big)e Jaylo pue
‘euoydna ‘sabueyd Alpeuosiad SaAly ‘ayoepeay ‘ewoone|b ‘ssaupal | uoissaiddnsounwiwi
‘safueyd poow ‘elUWOSU| | 8de} ‘uUsWOopge PapuaBISIP ‘SUOIS|NAUOCD ‘uonewiweju| auosiupald soAey
saiyredoinau
[esoyduad pue Jowan ‘snuojd ‘sdweld
‘Aujigeln ajpsnw “elwaduniadAy
‘elwaireuodAy ‘ewsiexodAy
‘elwaeoesodAy elwaesaubewodAy
Alo1X01 Je|noo ‘elwaeue ‘A1191X0] Molrew (sisayiuhs
pue Aloixojoreday ‘suonoeal auog pjiw ‘A191xo01010 ‘Aloixoloiydau VNQ lqiyuj) siownj
onoejAydeue ‘sailoIxo) JejndseA ‘BunIWOA pue easneu a1anas pijos Alo1oelay unedsio [oulre|d
JaAs) pue sdweld yorwols yinow apisul salos
219A3S ‘sNIj09 ‘suonoeal d1biaje pue anbuo}] alos ‘eaydrelp ‘Buniwon
‘uoneulIn Ynoup Jo [nyured ‘Jansy ‘easneu “19sdn Jo sdweld yoewols
‘ured 1s8Y9 ‘sjo0is Alre] yoe|g pliw ‘suonaoeal AlAnisuasiadAH | (donoignue) suonoasyul uljiouad
eIbeAw
pue seibjelyue ‘swseds ajasnw
‘ybnod ‘eaudsAp ‘siAnNfuod
‘obnJaA ‘lowal) ‘aausjouwos
‘1aplosip dag|s ‘eisayisated
‘uoneaeibbe aurelbiw ‘eluwosul
‘eisay1saodAy ‘ssauizzip
‘uoisnjuoa ‘sainzias ‘swiseds yinow
a[osnw ‘reaqueay Jejnball Aip pue uonednsuod ‘ured yoewols QITEY]
‘Burjjams Buiydl ‘sanly ‘ysed ups ‘sef ‘easneu ‘eaylielp ‘sydepesH reabeydosa osnseo |[ozeidojued J0|0lued
INIIAIHONI
S103443-3dIS FdVvY S103443-3dIS AJVINIAd 139UVL JAILOV JANVYN ONdd

273



elwaeuodAy pue yiealq

JO Ssaulloys ‘ssaupapeay 1Yo
‘Jojred ‘sayoe Apog S|jIyod I1ana)
‘eayulelp 1o Buiwon alonas

'wapa pue
suonoeal AlAnisuasiadAy ‘eluadoyng)
‘sabueyd reuso Jo reusabuly

‘sso| Jrey Arelodwa) ‘a1se] Jo asuas
paJaye ‘ured ajosnw ‘uonednsuod

‘uoissaiddns moulew suog ‘eayutelp ‘Buniwon ‘easneu ‘anbie4 slown) pIjos [oxe1900Q alajoxe ]
ssauquinu suonoeal AlanisuasiadAy
pue ured 1sayd ‘ainzias pue ssoj Jrey Aresodwal
ssaupapeay 1ybi| ‘eipredApelq ‘sjreu Jo upjs Jo Buluaxtep ‘ured
‘Buipas|q [ensnun ‘Buisiniq Asea | 1julol ‘ssauxeam ‘uonediisuod ‘eaylelp
‘sayoe Apog pue s||iyd ‘1ansH ‘Buiiwion “easneu pliw eluadosnaN Jowiny s |IAn [axenred |oxe]
elwaue pue ‘eiuadoifooquioiyl
‘eluadoxng| ‘eibjeiyue ‘eibeAw eisdadsAp
‘eipsedApelq feipeasiyoe] ured yoewols pue BuniwoA ‘easneu ‘xnpyal reabeydosa
‘uonoeal AuasuasiadAH ‘eayulelp ‘uoirednsuod ‘ssyoepesH onseb ‘siao|n auipnuey aulpejel
SSOUSNOAJBU pue ssauldas)s ‘1ans)
‘ANsuap auoq pasealdap ‘@ouels|olul
Buneams anIssaIxa Teay ‘sso| Jybram ‘siowaly ‘Aujgen
pue Buniwona ‘ured 1sayD | ‘ssaudeam ajosnw ‘Jeaqueay Jejnball] wisiploJAy10dAH UAXoInona ploJYluAs
ybnoo pue ssauizzip ‘Aisixue SIyouoIq
‘uoisuauadAy ‘ured 1sayo yinow YlIM pajeloosse
‘eipJesAyoe; ‘Jowsal) ‘ayoepeaH AIp pue ysel upjs ‘Buniwon ‘easnep SyoeNe 'UWYISE [oweingres
ybnos pue elUWOSUI
‘uoIsnjuod ‘suoiyeulon|rey
‘ewapa [e1oe) ‘Iana}
‘anbije] ‘eun|re1sAio ‘sniiydau
lennsiaul ‘'ssaupeayiyb
‘ssaulzzip ‘siowan
‘sainzias “eluadolfooquoiyy
‘eluadoyna| ‘elwsue sixe|Aydoud
‘suonoeal AlAnisuasiadAy ‘ured elwsexiadAy pue [eleanun eluownaud
[eulwiopge ‘STewWols ‘eixalouy ‘ysel ‘eixaloue ‘BUNIWOA ‘easneN snsAoownaud |0ZeXoWILI10D uindas
eisdadsAp pue faixue ‘Buipas|q BlUWOSUI pue
Jo Buisinig Ases ‘eluayise | ssaulzzip ‘eaylrelp ‘eixaloue ‘BUWIOA juswabeuew
‘1an8] ‘s1eaquesy Buipunod 1se4 ‘easneu ‘ured yoewols ‘ayoepesH BuniwopeasneN uoJsiasiuels) osnaues
INIIAIHONI
S103443-3dIS VY S103443-3dIS AdVINIdd 1394V1L AAILOV JNVYN ONdd

274



uoisualodAy pue
elpJeaAyoe] ‘ewapa ‘ododuAis
‘eluwosul ‘ssaulzzip ‘uoneliadin

ayoepeay pue eibeiyue

‘eaudsAp ‘ybnoa ‘smunid ‘feiyoalad
‘sIsowAyo99 ‘ewayliie ‘ured ‘anbiey
‘18A8} ‘eluadoifooquiolyl ‘eluadodns|

anbuo) ‘eiBeydsAp ‘spioylioway elWaUR ‘eIXalouy ‘uonedinsuod BWOIpUAs
‘eisdadsAp ‘snmrewols ‘eaylielp ‘Buniwon ‘easneN onse|dsipolaAN eulpnioezy BZePIA
eaudsAp pue yses uns
shorewayiAla ‘eluadoifooquioyy
‘spuydau fennsiajul ‘sisoldau suonoeal AunnisuasiadAy pue
Je|ngni aInoe ‘ainie) [eual alNdy | BlUWOSUI ‘aydepeay ‘BuniwoA ‘easneN Janaljal ured uaydouiwolady [oua|AL
SIS01A20XNY|
pue sninid ‘snirewuap ‘eaudsAp
elWBUR pue eluadoifooquioiyl ‘ybnoa ‘uonebuojoid 1O ‘eipsediyoel
‘eluadoyns| ‘A1aixue ‘eisayisaled ‘ysel pjlw ‘ewaspa ‘enbiey ‘ured
‘ured 1s8y9 uoisus10dAy ajosnw 1o ol ¢ ‘A1sixue ‘ssauizzip
‘elwadA|biadAy ‘ssaupapeay ‘ayoepeay ‘eaylrelp ‘uonednsuod elwaynNg|
Wb ¢ ‘ureb ybiom ‘JanaH ‘Bumuwion “easneu ‘ured yorwols | onAoojeAwolid anoy 9pIXOLI JIU3SIY Xouasli|
(uorsinip 192 nqiyu)
BWO02JeS09]S0 pue
‘elwaxNa| [eabuluaw
S2INnzIas pue ysel ‘ewoydwA|
u{S ‘UonoUNYSAp [eual ‘spisoonw ayoepeay pue ssauyns s,uybpoH
‘Anoixoloreday ‘eiwaue onselde Jansy ‘uonrewweyul ‘eluadodna) -uou ‘elwayna|
‘suoissalddns mourew auog ‘eayutelp ‘Buniwon ‘easneN | onsejgoydwA| aInoy 91eX3.10U19 N [[exaJl
salnzias pue elwaieuodAy
‘uonuaial Areunn ‘sniunid ‘SSaUISMOIp pue ayoepeay
‘eisdadsAp ‘eayurelp ‘Bumwon ‘ssaulzzip ‘uonedisuod ‘easnenN Janaljal ured [opewel |
S|0031s Alle] oe|q pue yinow ul
sayored ayym ‘uoneunn jnjured ybnod pue eIUWOSUI ‘UCISIA paLIN|q
‘ybnoo AIp ‘uonaasjul Jo subis ‘ssaulzzip ‘ysel pjiw ‘uonednsuod
‘Bunbun 1o sssuqwinu ‘ainziss ‘eayJtrelp ‘eanbie} ‘sso| Jrey slown) ureig apIWojozowa | lepowsa]
INIIAIHONI
S103443-3dIS FdVvY S103443-3dIS AYVINIAd 139UVL JAILOV JANVYN ONdd

275



sIsoJoau
[ewJlapida 21X01 SWOIPUAS
UOSUYO[ SUBA3IS pue ‘wioynnw
ewaYfia

‘siowal ‘A1aIxue ‘sainzias
‘suolreulon|iey ‘uoisnjuod

Auanisuasoloyd pue ssaupaii
‘smunid ‘saysel
unjs ‘ured jeuiwopae ‘eaoyurelp

(renanuy)
snlIA sadisH pue

‘SSaUISMOIp ‘UuonounysAp reusy ‘anbije} ‘ayoepeay ‘ssauizziq B||901e A — UONJ3jU| JInO[2AdY XellnozZ
eisdadsAp pue Aaixue ‘Buipas|q BlIUWOSUI pue
1o Buisinig Asea ‘eluayise | ssauizzip ‘eaylelp ‘eixaloue ‘Buiiwon uswabeuew
‘Jana} ‘sreaqueay Buipunod 1se4 ‘easneu ‘ured yorwols ‘ayoepesy | Bumwoa pue easneN uoJjasuepuQ ueljoz
elWBUR pue eluadoiLooquioiyl
‘eluadoxna) ‘ainzias ssauyeam pue anbie} ‘eaylielp
‘uonesuas buluuids ‘yoewols ‘uonednnsuod ‘BuniwonA ‘easneu
ul ssaulapual pue ured ‘Buiuing | ‘ured auoq ‘ured mel qybBiom pasealdsp siown] snolep
‘ssauquinu ‘Buisinig Asea ‘iojed ‘e1oadofe Aresodwsal ‘Ayredoinapn BUNSLIDUIA UINO2UQ
INIIAIHONI
S103443-3dIS FdVvY S103443-3dIS AYVINIAd 139UVL JAILOV JANVYN ONdd

276



Appendix B

Physical Activity Guidelines

277



In this appendix

a summary of the physical activity guidelines promoted by three

recognize organizations are presented.

Physical Activity Guidelines for Children

5-17 years old

“Children and adolescents should do 60 minutes (1 hour) or more of physical activity each day”
this 60 minutes will have to be split in three different types of activities explain below.

Aerobic Activity

Aerobic activity should make up most of your child's 60 or more
minutes of physical activity each day. This can be moderate or

vigorous intensity. Be sure to include vigorous intensity aerobic
activity on at least 3 days per week.

Muscle Strengthening

Include muscle strengthening activities at least 3 days per
week as part of your child's 60 or more minutes. Examples,
gymnastic, push up, climbing.

Bone Strengthening

Include bone strengthening activities at least 3 days per week
as part of your child's 60 or more minutes. Example: jump a
rope, in the trampoline, run.

For children and young

people, physical activity includes play, games, sports, transportation,

chores, recreation, physical education, or planned exercise, in the context of family, school, and
community activities. This table was created based on the World Health Organization (WHO) ,
Center for Disease Control and Prevention (CDC) and Canadian Society for Exercise
Physiology(CSEP). See links to the website of each institution below.

Institution Link

WHO http://www.who.int/dietphysicalactivity/factsheet_young_people/en/
CDC http://www.cdc.gov/physicalactivity/everyone/guidelines/children.html
CSEP http://www.csep.ca/english/view.asp?x=804
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A Pocket Guide to
Blood Pressure

Measurement
in Children

From the National High Blood Pressure
Education Program Working Group on
High Blood Pressure in Children and
Adolescents.

/) US. Department of Health and Human Services
( National Institutes of Health

National Heart, Lung, and Blood Institute




Girls SBP by Age and Height Boys SBP by Age and Height
(Normal SBP is less than the prehypertensive result.) (Normal SBP is less than the prehypertensive result.)

Systolic BP (mmHg) Age BP Systolic BP (mmHg)
i | Classification

3

U.S. Department of Health and Human Services Natioral Heart NIH Publication 07-5268
National Institutes of Health \Lung and Blood Institute
peaie Scarc ath May 2007
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Measurement

B Begin routine blood pressure (BP) measurement at 3 years
of age.

m  Correct cuff size depends on arm size. Practically speaking,
correct cuff size equals largest cuff that will fit on the upper
arm with room below for the stethoscope head.

®  BP should be measured in the right arm of a relaxed,
seated child.

®  BP measurement by auscultation is the Gold Standard.

®m  BP by automated device correlates reasonably well
with auscultation, with practical advantages of rapid
measurement remote from child and elimination of
reader error.

m  If BP is high by automated device, repeat by auscultation.

BP Classification/Interpretation

BP is classified by systolic BP (SBP) and diastolic BP (DBP)
percentiles for age/sex/height. If SBP or DBP >90th percentile,
repeat twice at same office visit before interpreting result.

Normal BP: SBP and DBP <90th percentile
== Recheck in 1 year.
Prehypertension: SBP or DBP > 90th percentile to <95th
percentile or BP >120/80 mmHg to <95th percentile
= Recheck in 6 months.
= Begin weight management (as appropriate).
Stage 1 Hypertension (HTN): SBP and/or DBP 295th
percentile to < 99th percentile plus 5 mmHg
== Recheck in 1 to 2 weeks.
== If BP remains at this level on recheck, begin evaluation
and treatment including weight management if appropriate.
Stage 2 HTN: SBP and/or DBP >99th percentile plus 5 mmHg
== Begin evaluation and treatment within 1 week,
immediately if symptomatic.

Systolic BP Percentile Tables

Since diastolic HTN rarely occurs without systolic HTN in
children, the SBP percentile tables on the next page can

be used for HTN screening. If a child’s SBP on screening is
classified as prehypertension or HTN, then both SBP and DBP
percentiles should be determined using the tables in the complete
report: The Fourth Report on the Diagnosis, Evaluation, and
Treatment of High Blood Pressure in Children and Adolescents.
Pediatrics 2004 Aug;114(Suppl 2:)555-76; or http://www.nhlbi.
nih.gov/health/prof/heart/hbp/hbp_ped.htm.

Directions for Use of Tables

1. Heights in the table are given for age at midyear. Use closest
height to interpret BP.

2. Prehypertension SBP =value from table (90th percentile)
to < Stage 1 HTN value; or SBP >120 mmHg to < Stage 1 HTN
value.

_ SBP > value from the table (95th

percentile) to < Stage 2 HTN.

_ SBP >value from table (99th percentile

plus 5 mmHg).

For more information go to: www.nhlbi.nih.gov.
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General Guidelines for Strength Training in Children

Frequency Intensity Time (Duration) Type
2-3 times/week | Start with no resistance, 20-30 minutes long Full body exercises
until proper technique is targeting all muscle

10-15 minute warm-

perfected. up and cool-down

groups (including the

Then progress to 1-2 set of core)

8-15 repetitions of 60% of 1
RM.

At least 8 weeks are
needed to obtained
You can increase the improvement.
volume of training adding
until 4 set of 8-15
repetitions.

Should be performed
through the full range
of motion at each joint

8-12 exercise are
Resistance should be recommended.
added slow, increments of
10% are recommended.

Note. Compiled from . 1 RM: One-rep max

Additional Recommendations

v" Obtain medical evaluation prior to beginning a formal strength-training program. This
medical evaluation will identify risk factors for injury and provide an opportunity to discuss
previous injury, low back pain, medical conditions, training goals etc.

o Children with cardiac disease (cardiomyopathy, pulmonary artery hypertension)

should consult with a cardiologist prior to beginning

Strength training should only be a small part of an overall fithess or sports program
Proper techniques and safety precautions should be followed
Should be coupled with aerobic conditioning
Proper technique and strict supervision by a qualified instructor is critical
Explosive and rapid lifting is not recommended
Strength training in a frequency higher than 4 times/week does not have additional benefit
and seems to increase risk of overuse injury.
8-12 exercises. These exercises can include more advanced movements such as
Olympicstyle lifting, plyometrics, and balance training, which can enhance strength, power,
co-ordination, and balance. Proper progression must be necessary.

AN NN NN

<\

Note. Compiled from 1-3
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General Guidelines for Aerobic Training

Frequency

Intensity

Time (Duration)

Type

3-7 times/week

Moderate-vigorous
activity; with vigorous
intensity activity at
least 3 days/week

Approximately 60
minutes or more

Any tolerated physical
activity (walking,
biking, running, sports
such as soccer,

hockey, active
transportation,
swimming, basketball
and chores)

Note. Compiled from **

Assessment of Aerobic Training Intensity

RPE Scale (1- Talk Test Heart Rate
10)
Low Intensity 3-4 The talk test is a A person's target heart rate should
or mild simple way to be below 50 of his or her maximum
measure relative heart rate. This maximum rate is
intensity. As a rule | based on the person's age. See
of thumb, if you're | formula in text box below
doing low intensity
activity you will be
able to sing
without pausing
for a breath.
Moderate 5-6 You can talk, but Heart rate should be 50 to 70% of
Intensity not sing, during his or her maximum heart rate.
the activity.
Vigorous or 7-10 You will not be Heart rate should be 70 to 85% of
High Intensity able to say more | his or her maximum heatrt rate.
than a few words
without pausing
for a breath.

Note. Compiled from °°
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Recommended equation to calculate maximal predicted heart rate in
children®

Predicted maximal heart rate = [208 — (0.7x age)]

Example for a 10 years old child
[208 — (0.7 x 10)]= 201

Definitions

Strength training: the use of resistance methods to increase one’s ability to exert or resist
force. The training may include use of free weights, the individuals own body weight, machines,
and/or other resistance devices to attain this goal.

Set: A group of repetitions separated by scheduled rest periods.
Concentric contraction: The muscle shortens during contraction.
Eccentric contraction: The muscle lengthens during contraction.
Isometric contraction: The muscle length is unchanged during contraction.

Plyometric exercise: Repeated eccentric and concentric muscle contractions, such as jumping
onto and down from a platform

Progressive resistive exercise: exercise regimen in which the individual progressively
increases the amount of weight lifted and/or the number of repetitions. The more repetitions, the
greater the work performed and the greater the endurance development. The more weight lifted,
the greater the strength development.

Interval training: is a type of discontinuous physical training that involves a series of low- to
high-intensity exercise workouts interspersed with rest or relief periods.The high-intensity
periods are typically at or close to anaerobic exercise, while the recovery periods involve activity
of lower intensity.
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Pain Scale

Level 1-2: Pain is present but does not impede activity.
Level 3-4: Can do most activities with periods of rest.
Level 5-6: Unable to do some activities because of pain.
Level 7-8: Unable to do most activities because of pain.

Level 9-10: Unable to do any activities because of pain.

Worst

10 possible
pain

Muoderate
pain

Please be sure that your child’s pain never increases during physical activity. If pain
increases during physical activity, STOP exercising and consult your physician.
If your child’s pain is above 4, you might want to consult his or her oncologist or primary
physician to determine if he or she is able to perform physical activity. Also, check to see if
there are precautions or contraindications to consider when participating in physical activity.
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Rating of Perceived Exertion Scale (RPE)

The Rating of Perceived Exertion Scale (RPE) is used to determine how difficult the
exercise feels to you. This is a subjective rating and is designed to help you feel the sensations
involved with exercising. This rating should consider both strain and how tired your muscles
feel, how hard you feel you are breathing and how fast you think your heart is beating. It is
important that you take all these factors into account and you do not base your rating on one
factor.

The scale displayed has verbal descriptions that correspond to numbers. Read these

verbal descriptions and match how you are feeling to the corresponding number.

Rating of Perceived Exertion Chart
(Cardiovascular Endurance)

#10
#9
#8
Color Intensity
. | till talk but I lightl, Vigorous
can s ut I am slightly M rat
breathless and definitely -Cl)de ate
#6 sweating. Mi d_
I’m just above comfortable, T am Resting
sweating more and can talk
#5 easily.
#4
#3
I’m comfortable and I can
- maintain this pace all day long.
I’'m watching TV and eating bon
bons.
#1
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Please note that the document provided in this appendix is an example of the useful

information that might be required by the physical activity program for children affected by

Client Intake Form

cancer. This information will be helpful to program, so they can better tailor the physical activity

plan for your child.

Parents to Complete
Participant Information

Name of Participant:

Program: Name of Program

Date of Birth:

Gender (select one): Male [

Home Telephone:

Female [

Address:

Mother name:

Cell phone:

Work phone:

Father name:

Cell phone:

Work phone:

Medical Information
Name of Family Doctor:

Phone Number:

Name of Oncologist:

Phone Number:
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Name of Surgeon:
Phone Number:

Name of Primary Nurse:
Phone Number:

Diagnosis:

Date of Diagnosis (dd/mm/yy):

Treatment status: On Treatment [ Off Treatment [
If OFF treatment, please indicate date treatment completed (dd/mm/yy):

If ON treatment, please indicate anticipated date treatment will end (dd/mm/yy):

Treatment protocol (current and/or completed):
Please specify total medication doses received.

Current side/effects/symptomatology (please tell us if your child has any pulmonary, cardiac,
metabolic, neurologic or other side effects caused or not caused by cancer and/or cancer
treatment):

Please list any additional medical concerns:
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Please list any medications your child is on:

Please list any allergies your child has:

Emergency contacts - please list 3 emergency contacts (hame, relationship, contact number):

Name Relationship Phone Number
1)

2)

3)
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Physician Clearance Form

Please note that the document provide in this Appendix is just an example of the
information that a physician clearance form should contain.
Specific information about treatment and its side effects would be useful to better tailor

the physical activity plan of each child impacted by cancer.

Medical Clearance Form (example)

Describe the exercise program. Describe the intensity of the exercise (i.e., sessions will be
mild/moderate). If you consider that your patient is able to participate please indicate by
checking: progressive physical activity OR unrestricted physical activity.

PHYSICAL ACTIVITY READINESS

Based upon a current review of the health status of _ Name of Patient/Survivor |
recommend:

[J No physical activity
[J Only a medically-supervised exercise program until further medical clearance

[1 Physical activity under the supervision of a CSEP-professional Fitness & Lifestyle
Consultant or CSEP exercise therapist:

[I Progressive physical activity:

1 With avoidance of:

1 With the inclusion of:

[1 Unrestricted physical activity- start slowly and build up gradually

M.D. (printed)  Date:

Physician Signature:

NOTE: This physical activity clearance is valid for a maximum of six
months from the date it is completed and becomes invalid if the medical
condition of the patient becomes worse.
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Fatigue Shortness of

You may feel tired JIU TUU RNUYWY
a lot. This might Breﬂth : physical activity
make it difficult to Sometimes, it " can help
do basic activities might be hard to ﬁese
like climbing take a breath. e
stairs.

Muscle Wasting | Sadness

You might feel
alone, unhappy or
even angry. You
also might not feel

good about
yourself.

Your muscles
might seem to be
getting smaller
and weaker.

"l don't
feel like |

m too tired."

"My parents and i cont feel

doctors don't supported.* DID YOU KNOW

think it's a good aerobic and
idea." strength training

o : are safe both
Why IS It Important fo exercise? during and after
Physical activity can help decrease the severity of the side effects treatment.

of freatment and help you feel better. It can also reduce the

chance of developing other conditions later on in life. ¥y

Certain treatments, such as chest radiation, drugs called anthracyclines (doxorubicin, daunomycin) and

bone surgeries, require discussion with your doctor to make sure your Iguhrsiml activity choices are &

EALTH G AR 2
safe. Get more fips from our Pediatric Oncology Exercise Manual (PO! FYELRESSLA
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The Benefits of Physical Activity for Tedlatric
mer ]Paﬁw’c% M %u,rvivor%

Do you ever feel TWMP? Did you know PL\%Q*M? W/'UV.‘W can help?

What abou’rﬁ?wm%? @ —p
?L\L&sfio?ogimf %W‘Flt%

T Improved body composition Decreased risk of

developing a chronic
health condition

% Improved heart health

/ Stronger bones

J Stronger muscles

Stronger immune
system

Improved flexibility

Decreased fatigue and
increased energy

® L

DID YOU KNOW

physical activity can help
you play without getting
tired

?%Lvsooiaf Benefits
Increased motivation e Better relationships with
friends

Increased confidence " Improved well-being

DID YOU KNOW

most cancer patients and
survivors report feeling
happier after exercising
3 eabletothrive

www thriveforcancersurvivors.com
Certain treatments, such as chest radiation, drugs called anthracyclines (doxorubicin, 5
duunomﬁcin] and bone surgeries, require discussion with your doctor to make sure your physical

activity choices are safe. Get more tips from our Pediatric Oncology Exercise Manual (POEM). CALGARY
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T%F% of Exgm'% for ?eo?ia,‘crio Cancer ?afcieh’t% and Survivires

Exercises Kovibic Evorcise Benefits
Playing a light Improved body
composition
Decreased fatigue

game of soccer,

basketball or @

Going on awalk (\ 4 Start with a daily small amount
h Tip

another sport
_ &
with the dog or . of light activity and work your Healthy heart and
*way up by adding time or harder Il

friends activities. lungs!

Exercises %ﬂ@/\gtl\)ﬂrm ““‘3 Benefits

Lift some light Strong bones and
weights H muscles!
Do a some sit ups,

squats or push

I n Start with 10-12 reps with none or low wei hi,

. 2-3 times per week. Work your way up fo
using more weight.

Exercises vo g& Benefits

Try to touch  Inhale, reach Helps with

your toes your arms relaxalion
over to one

Breath side, exhale,

through your bring them
back down

Better balance!

nose. Try to C I-Lelpsﬂ:y ith
make your  and switch _ reathing
id : If your mind starts to
exhale siaes T|p: wander, focus on
our breath!
longer than Y
your inhale
WAlTl Only do exercises that you feel comfortable ,@abletothrive

with/your doctor says are okay.

Certain treatments, such as chest radiation, drugs called anthracyclines (doxorubicin, daunomycin)
and bone surgeries, require discussion with your doctor to make sure your R‘hvsicul activity choices S0 sy o
are safe. Get more fips from our Pediatric Oncology Exercise Manual (POEM).

m.fhrivgforcuncersur@ors.mm
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Abbreviation List

ACH: Alberta Children’s Hospital

ACL: anterior crucial ligament

ACSM: American College of Sports Medicine
ADLSs: activities of daily living

AEP: accredited exercise physiologist
AHA: American Heart Association

ALL: acute lymphoblastic leukemia

AML: acute myeloid leukemia

ANC: absolute neutrophil count

AT: athletic trainer

AVG: active video games

AYA: adolescent and young adult

BKY: Bendy yoga kids

BMD: bone mineral density

BMI: body mass index

BMT: bone marrow transplant

BP: Blood pressure

CDC: Center for Disease Control

CEP: certified exercise physiologist
cGVHD: chronic graft-versus-host disease
CHF: congestive heart failure

CIPN: chemotherapy induced peripheral neuropathy
CNS: central nervous system

CRF: cancer-related fatigue

CRT: cranial radiation therapy/cranial radiotherapy
CTs: clinical trials

DF: dorsiflexion

EF: ejection fraction

EOL: end-of-life

ESC: European Society of Cardiology
FITT: Frequency, intensity, time and type
GVHD: graft vs host disease

GvL: graft versus leukemia

GvVT: graft versus tumor

Gy: gray

HLA: Human Leukocyte Antigen

HSC: hematopoietic stem cell

HSCT: hematopoietic stem cell transplant
HR: heart rate

HRF: health-related fitness

IQ: intellectual quotient

IT: intrathecal therapy

KCC: Kid's Cancer Care

LV: left ventricular
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MHC: major histocompatibility complex

NK: Natural Killer cells

ON: osteonecrosis

PA: physical activity

PEER: Pediatric cancer patients and survivors Engaging in Exercise for Recovery
PedsQL: pediatric quality of life inventory

PNF: Proprioceptive Neuromuscular Facilitation
PRT: progressive resistance training

PT: physiotherapist / physical therapist

QOL: quality of life

RCTs: randomized controlled trials

RM: repetition maximum

ROM: range of motion

RPE: rated perceived exertion scale

SF: shortening fraction

SD: standard deviation

VOD: veno-occlusive disease

VOypeak: peak oxygen consumption

VOz