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A Survivor’s Narrative: Not Just a Survivor, but Always
Surviving

Living in Spain from the ages of 11 to 15 as an Asian Indian girl was the best
part of my life. Through the company Bechtel, my father was offered a won-
derful foreign assignment opportunity to Spain for 4 years. This allowed us to
travel all over, taste, and experience the Spanish culture. In August of 1984,
after a 15-day trip to Italy, my left knee began hurting and persisted until
December. At school, I kept falling and found it strange, as I was not particu-
larly clumsy as a child. After a fall down a flight of stairs, I ended up in the
hospital. An X-ray was done and a doctor from my father’s work was con-
cerned that it may be bone cancer. He immediately wanted us to go to the
Mayo Clinic in the United States for a second opinion. It was there at the age
of 15 where I got the diagnosis of osteogenic sarcoma. What had started as
simple pain just 4 months prior resulted in amputation of my left leg. At that
time, the medical team informed us that I would not need chemotherapy
before and after my amputation because the results of the CT scan had shown
no metastasis.

Before my amputation, my orthopedic surgeon helped me decide to either
amputate or have a stiff knee. He presented the pros and the cons of both
options, and after directing me to a peer amputee mentor, I felt confident that
amputation was the right choice. Following the amputation, the one thing
I struggled with the most was phantom pain. At times I could feel as though
my leg was still there and my toes curled up and dead. Other times, the phan-
tom pain felt as if I was being shocked, causing the sensation of pins and
needles. I remember the orthopedic surgeon, nurses, physical therapist, and
the prosthetist constantly reassuring me that it would eventually go away.
They all reminded me to be patient. I trusted my healthcare team. True enough,
within six months, the intensity of the phantom pains subsided dramatically,
even though to this day, I still experience phantom pains rarely.

Three weeks after surgery I was fitted with prosthesis and began intense
physical therapy to learn how to walk again. In order to be a healthy amputee,
the physical therapist and prosthetist educated me on some important aspects
I needed to incorporate into my life. First was to maintain my weight, as a
loss or gain of five pounds would make a difference in the fitting of my
prosthesis. This would also prevent long-term wear and tear of the knee and
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hip in the future. Second was to stretch the muscles and hip joint of my stump
to prevent the formation of contractures. Contractures will limit the ability to
fully extend my leg when walking with the prosthesis. I was also reminded
that excessive hopping on the existing leg—a habit many amputees develop
out of convenience—might result in a hip and/or knee replacement by the age
of 40. Despite the medical team’s advice, I did succumb to the habit of
hopping around the house because it was just easier. With time, I was able to
adapt to the prosthesis.

After two months of being in and out of the Mayo Clinic in Rochester,
I was finally able to return to Spain. As an amputee, the challenge at that time
was how my friends and school staff would receive me. I was excited to see
everyone but was also very scared and worried about being accepted; it was
not something I was prepared for despite all the advanced medical care I had
received. I was not taught how to acclimate as a young teenage amputee.
I learned quickly to use humor to deal with people’s discomfort. Statements
such as “having one leg up on them” or “tripod” would make them laugh.
At this point I learned that humor and openness were the best medicine for
the awkward moments. This attitude not only helped me cope with my ampu-
tation, but I was also able to see how others received me—with supportive
hands and an open heart.

For the first few months after my amputation, I was able to adjust back into
a routine. I still had monthly CT scans to monitor for recurrences and at that
time do not recall suffering from overwhelming anxiety.

Five months after my amputation, I fell down while playing and suffered
from bilateral pneumothoraces. Follow-up imaging confirmed that it was a
relapse of osteogenic sarcoma, which caused my lungs to collapse. We returned
to the Mayo Clinic where chemotherapy and surgical resection of the lung
nodules were planned.

When I heard the word “chemotherapy” initially, I remember being fright-
ened by the visual of another patient I had seen at the Ronald McDonald house
who had no hair and was vomiting profusely. Even at that time, I remember
hoping that I would never have to go through that, so the relapse and its treat-
ment plan had actually turned into my worst nightmare. I did not want to look
like a cancer patient. One month after my relapse and following initial chemo-
therapy, my family moved back to California and resumed my medical care at
Jonathan Jaques Children’s Cancer Center in Long Beach. I remember the
oncologist educating me about the different types of chemotherapies and their
long-term side effects such as infertility, neurocognitive difficulties, kidney
dysfunction, and cardiac issues. At that time, however, I was more focused on
getting through treatment. After 5 months of chemotherapy, the nodules shrunk
enough to be surgically removed from both lungs.

I celebrated my Sweet 16th birthday before my first lung surgery and a month
later I had the second lung surgery. Six months later, I had completed the full
treatment protocol and was told that I was in remission. I was a survivor! Being
asurvivor meant that I would still need to be monitored closely for the next
five years, and that I would always be reminded of the potential for recurrence.

Returning to reality was challenging. As a patient living with cancer, I had so
much emotional support, but as a “cancer survivor,” I felt abandoned and alone.

Foreword
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My life had gone from living in Spain as a teenager, with many friends, to
being home schooled in the United States for what should have been my junior
year. So at 17, returning to high school as a senior was even more challenging.
I was entering a new school, not knowing anyone, with one leg, prosthesis, and
the beginning stages of hair growth. Physically, this played on my insecurities
making assimilation to a new school a continuous struggle. I always worried
about how others would perceive me. Although it was hard at first, I resorted
back to the humor and openness I used while I was in Spain. It worked!!
Slowly, people came around and I was able to make friends. I decided to use
my cancer experience as an opportunity to educate. By allowing people to ask
questions, I noticed that they became more comfortable with my disability and
me. I still carry this attitude with me today and I believe that it has contributed
to the successes I’ve been able to maintain socially.

My senior year culminated with high school graduation and an acceptance
to the California State University, Fullerton. In my “cancer world”, I had also
graduated by being cancer free for a year! It was at this time, I recall feeling
anxiety with each approaching CT scan, fearing relapse with each blood work,
oncology appointment, and CT scan results. For 5 years, I would need a
monthly CT scan the first year, quarterly CT scans in year 2, semi-annual
scans in year 3, and then yearly for the remaining two years.

At the age of 18, I had a year and a half of remission from cancer, a high
school diploma, and one semester of college in my hands when the big “R”
crushed my world—I had relapsed again. This time, there was a small nodule
found in my heart. I would need open-heart surgery, another year of experi-
mental chemotherapy, and stop attending college.

I felt as though my “survivor” medal was stripped from me as my remission
dissipated, shattering my world in the process. I began chemotherapy in
February of 1988, and by the summer, I was depressed, unable to see the light
at the end of the tunnel. I had been battling cancer for three years on and off
and never seemed to get a break. My oncologist realized the emotional diffi-
culties I was suffering from and encouraged me to go back to college in the Fall
to take two general education classes without hindering my chemotherapy
regimen. This was the best remedy as it kept my mind going and helped me
have some control in life. My oncologist taught me that although cancer can
put life on hold, I must not succumb to cancer, but I should learn to move on.
I was determined and it lifted my spirits as I found a new way to cope. It
changed my focus and I was able to concentrate on school instead of “relapse”
and “chemotherapy.” Physically, however, I struggled once again as I lost my
hair for the second time, this time during college. College is the height of
socialization and experimentation, where many meet friends for life, boy-
friends and girlfriends, college parties, dance clubs, experimentation with
drugs, alcohol, and sex. For me, I did not personally engage in these natural
college experimentations, partly because of my Asian culture and my 3-month
oncology check-ups. I remember struggling with the feeling of being ugly.
I had no hair, no eyebrows, no eyelashes, and was wearing a wig, while my
peers came dressed up with make-up, high heels, and beautiful hairstyles.
Adjusting to the college norm was challenging, especially as a cancer patient.
I was embarrassed to wear short skirts because of the difference in color of my
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limbs, and could not wear high-heeled shoes because of my prosthesis. Most
of the time I felt that everyone was looking at my leg and not me. I struggled
with body image and wondered whether men would find me attractive and
desirable despite being legless. Unfortunately, psychotherapy was not neces-
sarily an option for me at that time because being Asian-Indian, emotional
distresses and psychological pathology both carried an associated stigma.
Despite my initial struggles, I was able to create a social support system of
friends who I met in college and knew as a child who were key in helping me
through some of my insecurities.

Fast forward to 20 years later, at age 38, I was a cancer survivor, who
received a master’s degree in social work and my dream job as a pediatric
oncology social worker at CHOC Children’s Hospital in Orange, California.
I was equipped with the hypervigilance that my cancer survivor mode
granted me—any minute physical changes in my body (such as bumps,
marks, blemishes, or any other ailments) triggered the initial thought of “is
it cancer?”

Meanwhile, my gynecologist saw me annually to follow the potential
infertility issues resulting from the chemotherapy I received as a teenager.
I had known fibroids for many years and the gynecologist suggested to have
the fibroids surgically resected from my uterus. A routine myomectomy had
turned into a second cancer diagnosis—ovarian cancer—incidentally found
during the fibroid resection.

The treatment for ovarian cancer involved surgical removal of my uterus
and ovaries, followed by another six months of chemotherapy. This time the
losses were much greater than they were at the age of 15. I went straight into
surgically induced menopause with the inability to ever have children. In
24 h, I went from being a whole woman to feeling like an empty woman with
an empty womb.

While still in the hospital recovering from my two surgeries, I started to
notice that my back was hurting more than usual. Likely a side effect of being
a survivor, but my hypervigilance led me to insist that my doctors order an
MRI of my back. Unfortunately, the results of the MRI showed yet another
tumor—a Schwannoma—beginning to wrap around my spine and needing
immediate surgery to remove the tumor before I could begin chemotherapy.

Psychologically, I struggled with the thought of battling through central
lines, chemotherapy, and hair loss again. Although I had some days where |
coped poorly, somehow, I persevered and my fighting attitude to do this ONE
more time kicked in. Emotionally, however, the thought of not having my own
children was a long-term side effect, which was difficult to overcome. I felt
angered when friends of mine would bring their children to the hospital for me
to play with hoping it would make me feel better or being told “you can be an
auntie to my baby.” It took me about two years after diagnosis and treatment
to finally hold a baby without becoming an emotional wreck.

When I began this cancer journey at 15, I remember my parents constantly
telling me to take ownership of my medical care. As years went by, this sage
advice not only helped me keep up on my medical needs but also take a proac-
tive stance when medical problems arise. Today, I continue to attend long-term
survivorship clinic every year.

Foreword
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Unfortunately, I have begun to experience many long-term side effects, but
take the appropriate steps to avoid future problems. I am followed by four
specialty doctors in addition to my Primary Care Doctor and my gynecolo-
gist: a cardiologist for possible cardiomyopathy, a gynecology oncologist for
possible ovarian cancer relapse, a breast surgeon due to possible breast cancer
following ovarian cancer, and an endocrinologist.

Being a Cancer Survivor is a hard balance. We have learned to protect the
“ones we love as well as ourselves.” Although we won the battle, the enemy,
at times, is not too far behind us and one must learn to cope with those fears.
The emotional spectrum of a cancer survivor can range from amazement and
accomplishment to that of pure loneliness. We learn that cancer never really
leaves us, but we also learn to become a light of hope for the oncology com-
munity and to others fighting the big “C.”

The moral of this survivorship story is for cancer survivors to know them-
selves, continue to follow up with their physicians and specialists, attend
yearly long-term clinic if available, and most importantly, be active partici-
pants in their medical care to allow for early intervention if needed. At times
I feel it is harder to be a survivor than a patient. One must continuously adapt,
cope, and find the courage within to move forward in life. My definition of a
true “Survivor” is someone who shows a great will to live, with an enormous
determination to overcome difficulties to carry on. Surviving is a constant
battle and survivorship is a lifelong process.

This manuscript covers many of the myriad challenges facing survivors,
but also the medical treatment team, families, and the community. It is impor-
tant for all who work with individuals who have endured through cancer and
its treatment to be ever mindful of the complex interplay of the unique physi-
cal, psychosocial, emotional, cultural, vocational, and financial challenges
that affect one’s journey.

I wanted to thank my cousin Regina Jacob, M.D., for giving me the guid-
ance and support as I embarked on writing my personal story. Thanks for
always reminding me the awesomeness of being a Survivor.

To my parents, Abraham and Leela Areeckal, words can’t express how
lucky and blessed I am to have you as my heroes, you both are amazing. YOU
have taught me how to persevere, continue to love, laugh, fight, and most of
all how to be a SURVIVOR. I love you both with all my heart and soul.

Orange, CA, USA Jenee Areeckal






We now live in the era of targeted therapies, pharmacogenomics, and molecular
profiling. As science continues to evolve, the biology of cancer is being
unraveled, albeit, slowly. Thanks to modern medicine, today, 80 % of chil-
dren diagnosed with cancer will survive 10 or more years after therapy.
However, the past three decades have also revealed the significant late effects
of therapy that survivors live with. The lessons from past treatments help
guide future treatment as we witnessed the effects of chemotherapy, radia-
tion, and other intensive treatments given to children. Some of these survivors
are now in their 30s and 40s; 60 % of whom experience chronic late effects,
while 30 % have life-threatening conditions.

In our day-to-day experience in caring for survivors, we have been con-
fronted with our own lack of knowledge and understanding as healthcare pro-
viders, the limitations of funding, as well as the lack of an organized system
to transition adult survivors of childhood cancer. We have also seen firsthand
the challenges of educating survivors, for various complex reasons some of
whom seem to struggle with taking the necessary steps to understand their
need for surveillance. Not only are the effects physical, the neurocognitive
and psychosocial ramifications are just as significant.

It is for these reasons that this book is written. We decided to include com-
prehensive and in-depth discussions as well as integrate simple screening
measures and road maps for the busy clinician. The road maps and screening
tools are guidelines to help the clinician navigate a survivor’s complex medi-
cal needs. The recommendations given in this book are the result of many
hours of research and literature review done by brilliant contributing authors.
However, as more research is done, these recommendations will also evolve.
It is our hope that physicians, physicians-in-training, medical students,
psychologists, therapists, and other providers caring for childhood cancer
survivors may benefit from this book.

Finally, to the countless of childhood cancer survivors, we have shared
times of sacred sorrow as you battled cancer, but now, we are privileged to
share so many more sacred moments of joy as you journey through meaningful
cancer survivorship.

Orange, CA, USA Grace A. Mucci
Orange, CA, USA Lilibeth R. Torno
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When we embarked on this project, we knew that it would require not only
personal sacrifices, but sacrifices of those near and dear to us. It is for this
reason that we would like to acknowledge everyone who has helped us along
this journey.

First, we want to thank our spouses, Levi and Jim, for their unwavering
support throughout this process, from the initial conception to the final prod-
uct. Our children, Joseph, Timothy, and Adam, have all been a source of
blessing and encouragement, and Felicia, Payton, and Sydney have brought
us so much joy. This acknowledgment would not be complete without thank-
ing our parents for their guidance and support throughout our lives, and
though some are not with us here on earth, they live on in our hearts through
precious memories.

Second, our sincere gratitude is extended to our colleagues and friends
who provided moral support and direction during the many phases of this
project. Many professionals, including all contributing authors, have given
much time, effort, and expertise in the creation of this book. We owe special
thanks to Christine Marie Angeles, Edna Klinger, and Irma Padilla for their
invaluable technical knowledge in layout, formatting, and graphics. Finally,
words cannot express the sincere gratitude we feel for Janice Stern and her
staff throughout this process. It is through all of them that we garnered pro-
fessional and personal wisdom that helped to mold this manuscript.

Finally, we owe our deepest gratitude to our patients, who never cease to
inspire us to be the best care providers we can. We are honored to be invited
into their lives and help them through one, if not the, most difficult transition
they face. It is amazing how much we have learned from their resiliency and
tenacity to rise above their illness and become true survivors. While we are
encouraged daily by advances in the medical and behavioral sciences as we
seek a cure for cancer, we garner hope from our faith and our patients and feel
truly blessed.

Grace A. Mucci
Lilibeth R. Torno
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Surveillance of the Survivor



Rajkumar Venkatramani and David R. Freyer

1.1  Introduction

For young people and their families, undergoing
cancer treatment is an experience characterized
by transition--“transition” being defined as pas-
sage from one state, stage, subject, or place to
another [1]. The major transitions associated with
cancer treatment are readily identifiable and
familiar to clinicians. For most patients, these
include the transition from development of symp-
toms to diagnosis of cancer, from diagnosis to the
initiation of treatment, from completion of treat-
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ment to initial follow-up, and from initial follow-
up to long-term cancer survivorship (Fig. 1.1).

For some patients, transition may also include
development of relapse, and, for too many, end-
of-life care. Effective management of these
cancer-related transitions requires strong com-
munication skills and anticipatory guidance born
of familiarity with the underlying cancer and
treatment regimen, as well as the typical clinical
course.

In pediatric and adolescent oncology, how-
ever, these transitions do not occur in isolation,
but rather against a backdrop of the patient’s nor-
mal physical, emotional and social development.
The successive transitions of developmental mat-
uration that begin during infancy and continue
through older adolescence not only influence
each patient’s response to cancer-related transi-
tions, but also cause patients to require support
during the cancer experience in order for healthy
adulthood to be achieved.

One additional transition of survivorship,
which arguably represents a unique convergence
of both cancer-related and normal developmental
components, is the one which occurs between
older adolescence and young adulthood. In no
other transition do we encounter the simultane-
ous complexities of established treatment-related
health problems, emerging risks, need for ongo-
ing medical surveillance, change from pediatric
to adult-focused health care services, threats to
maintaining health insurance, completion of

G.A. Mucci and L.R. Torno (eds.), Handbook of Long Term Care of The Childhood 3
Cancer Survivor, Specialty Topics in Pediatric Neuropsychology,
DOI 10.1007/978-1-4899-7584-3_1, © Springer Science+Business Media New York 2015
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formal education, entrance to the work force, the
achievement of personal independence, and
redefinition of familial and societal roles, to name
a few. With more and more young people surviv-
ing childhood cancer than ever before, the need
for workable approaches to health care transition
in young adulthood has never been greater.

The purpose of this chapter is to provide an
overview of the major transitions experienced by
children and adolescents undergoing manage-
ment of their cancer, especially during the long-
term follow-up phase. Key issues and potential
interventions for each are discussed. The princi-
ples and practice of health care transition for
young adult survivors of childhood and adoles-
cent cancer are emphasized.

1.2 Developmental Aspects

of Transition

Cancer commonly affects growth and development,
either directly in physical changes or through par-
enting and peer experiences. Physicians and other

health care professionals taking care of childhood
cancer survivors should have an understanding of
major developmental tasks of childhood in order
to normalize the cancer experience in an age-
appropriate way [2, 3]. Providing appropriate
support for those tasks differs somewhat accord-
ing to the type of transition. As summarized in
Table 1.1, during transitions associated with diag-
nosis and treatment, the focus for all age groups
is to support patients and families through crises
characterized by sudden and dramatic change,
unfamiliar situations, uncertain outcomes and
frightening possibilities.

In contrast, during transitions associated with
survivorship, especially during late long-term fol-
low-up, the focus switches to assisting patients and
families with understanding and coming to terms
with the persisting health problems and/or future
risks resulting from cancer treatment. In both tran-
sitions, explanations should become more detailed,
commensurate with the patient’s and the family’s
cognitive capacity and degree of involvement in
medical decision-making. In pediatric oncology,
clinicians are faced with the interesting challenge
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Table 1.1 Developmental stages of childhood and their correlates for transitional care

Developmental stage

Preschool
(2-5 years)

Middle childhood
(6-12 years)

Early adolescence
(10-13 years)

Selected developmental
features [3]

Acquisition of language and
motor skills

Formation of simple
concepts of reality

Emotional connection with
other people

Cognitive features of
magical thinking,
egocentrism and dominance
of perception

Expansion of child’s world
outside the home

Ability to get along with
other children

Development of concrete
operational thinking

Acquisition of adult
concepts and communication
(writing, reading,
calculating)

Development of formal
logical operations

Awareness of changing body
and interest in opposite sex

Reduced interest in
family-centric activities
Increasing
peer-identification

Correlates for transitional care

Diagnosis and treatment
phase

Arrange child life
interventions to minimize
procedure-related anxiety
Facilitate child’s
understanding that illness is
not a punishment

Advise parents that being
calm may be more
comforting than
explanations like “this will
make you better”

Provide simple explanations
to child regarding diagnosis
and necessary treatments

Maintain educational
progress through hospital-
based school activities and
school reentry programs
Encourage child’s
involvement in simple
treatment choices (e.g.,
flavor of medications)
Advise parents against over
protectiveness and
encourage normal
disciplining

Provide straightforward but
more detailed explanations
of diagnosis and treatment
Provide support to reduce
social isolation and
depression through
interventions such as child
life therapy

Supplement parental
support with organized
peer-support activities

Survivorship phase

Child too young to
understand the need for
long-term follow-up

Direct anticipatory guidance
about late effects towards
the parents

Mention eventual transition
to adult-focused providers

Provide simple explanation
to child relating prior illness
to the need for continued
follow-up

Continue to educate parents
on late effects, health and
wellness

Mention eventual transition
to adult-focused providers

Advise parents against over
protectiveness and
encourage normal
disciplining

Encourage parents to allow
children to have increasing
responsibilities at home and
an increasing role in
decisions

Provide straightforward but
more detailed explanations
about follow-up care
Encourage increased
participation in medical
decision making and
personal health choices

Initiate discussions about
eventual transition to adult
providers

(continued)



Table 1.1 (continued)

Developmental stage

Middle adolescence
(14-16 years)

Late adolescence (17-20
years and beyond)

Selected developmental
features [3]

Importance of physical
attractiveness, popularity
and self-esteem

New understanding of
abstract concepts and
consequences
Reorientation of primary
relationships from family to
peer groups

Start of dating

Development of personal
independence, core values,
ethical principles and
philosophy of life

Attainment of emotional
independence

Development of intimate
relationships

Emerging importance of
career decisions as related to
self-concept and emerging
societal role

Preparation for occupation
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Correlates for transitional care

Diagnosis and treatment
phase

Direct conversations
towards the adolescent with
active involvement in
decision-making

Provide support for body
image issues, self esteem

Provide support to reduce
social isolation and
depression through
adolescent support groups
and teen-friendly facilities
Stress importance of
adherence to therapy

When feasible, offer
flexibility in treatment
schedule to accommodate
important social events,
e.g., graduation

Offer internet access in
hospital rooms for social
networking

If desired by patient,
include significant other
during clinic visits

Help parents realize the
need for adolescent’s
privacy and developing
autonomy

Stress importance of
adherence to therapy

Survivorship phase

Direct the conversation
towards the adolescent with
active involvement in
decision-making

Reserve 1-on-1 time with
teen for a portion of each
clinic visit

Discuss prevention of high
risk behaviors (smoking,
alcohol, drug use,
unprotected sex)

Discuss targets for
transition readiness and
provide rationale for
transition to adult focused
providers

Encourage a primary role
for older adolescent during
clinic visits

Provide information related
to reproductive health and
sexuality

Continue education about
importance and rationale for
life long follow-up
Encourage pursuit of higher
education and provide
information on survivor
focused scholarships and
resources

Emphasize importance of
preparing for employment
with insurance benefits to
cover continued follow-up
care

Help them understand
insurance options available
for cancer survivors

Assess transition readiness
(see Fig. 1.2) and
coordinate transition to
adult setting

of caring for older long-term survivors who were
treated as young children, yet never developed
insight into and understanding of their cancer and
its treatment. They return year after year with
little knowledge as to why they are in the cancer

clinic. As these survivors mature into adoles-
cence, it is essential they receive sufficient infor-
mation about their cancer, its treatment, and the
resulting health implications, in order to prepare
them properly for health care transition.
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1.3 The Transition from
Completion of Cancer
Treatment to Initial

Follow-Up

This period encompasses the end of treatment
until approximately 24 months after completion
of treatment, during which most survivors are at
the highest risk for relapse. The primary focus
during this transition is to assist the patient in
returning to baseline function. Ironically, toward
the latter phases of treatment, many older patients
develop a certain comfort level in receiving che-
motherapy, especially if it is tolerated reasonably
well and no relapse has occurred. The transition
to end of therapy may elicit anxiety and fears
related to relapse, for which many families feel
unprepared [4].

One way to aid families in navigating this
transition is to have a formal conference with
them at the end of treatment [5]. This conference
should involve at least the patient, parents and/ or
significant others, the primary oncologist, and
ideally the primary nurse and social worker.
During this end of treatment conference, the team
should briefly summarize the cancer diagnosis,
the treatment received, immediate plan for fol-
low-up, surveillance and other health recommen-
dations. Many families are relieved to discover
that they are not now “on their own,” but that can-
cer treatment is followed by a formal phase of
surveillance with systematic monitoring initially
for relapse, and then later for long-term health
and well-being. Straightforward conversation
about the risk and typical patterns, the timing and
symptoms of relapse, when to call the oncology
clinic and the specific plan for surveillance will
help reduce anxiety. Parents and patients should
be briefly re-educated about the relevant, major
long-term effects of treatment and need for con-
tinued follow-up. This presents an excellent
opportunity to introduce the concept of lifelong
survivorship care and the long-term follow-up
program, if such a program exists in the institu-
tion. Parents should be encouraged to re-establish
their child’s care with the child’s primary care
provider, whom they should now contact for any

health issues except those clearly related to the
cancer. Specifying when to resume childhood
immunizations and normal activity should be dis-
cussed. A copy of the treatment summary and
follow-up plans should be provided to the older
patient, parents and the primary care provider as
a roadmap or guideline for future healthcare.
Names and updated contact information for orga-
nizations providing further information and sup-
port to survivors may be provided.

The Transition from Initial
to Long-Term Follow-Up Care

14

The transition period begins approximately
2 years post-cessation of cancer treatment and
continues onwards. This transition is, for most
patients, open-ended in the sense that life-long
surveillance is recommended for most childhood
cancer survivors. The separation between initial
and subsequent periods of follow-up care is not
uniformly distinct, as the risk for late relapse
differs by cancer diagnosis. Indeed, for institu-
tions where referral to cancer survivorship
programs occurs relatively early, long-term fol-
low-up services can overlap and should continue
parallel with disease-directed surveillance for
some period of time. The primary focus of this
transition is to establish the practices for risk-
based monitoring and to provide related health
education to the survivor and family. Whereas the
major risk during the initial period of follow-up
is relapse, the major risk during this later period
is disengagement from medical care and failure
to remain in structured follow-up.

Late Effects and the Need
for Survivorship Care

1.4.1

While the incidence of childhood cancer has
increased gradually over the past three decades,
mortality due to childhood cancer has steadily
decreased [6]. In 2005, an estimated 328, 652
childhood cancer survivors were alive in the
United States [7]. The prevalence of childhood
cancer survivors has been estimated to be



approximately 1 in 640 among Americans aged
20-39 years [8]. These figures will undoubtedly
increase in the future as survival continues to
improve.

Many survivors remain at increased, life-long
risk for clinically significant complications of
their cancer therapy. These are commonly
referred to as “late effects,” defined as any
chronic or late-occurring outcome, physical or
psychosocial, that persists or develops 5 years
after the cancer diagnosis [8]. In an analysis of
self-reported data from 10,397 survivors and
3,034 siblings, investigators from the Childhood
Cancer Survivor Study (CCSS) found that the
risk for a chronic or life-threatening health prob-
lem was 3.3 and 8.2 times higher, respectively,
in survivors compared with their siblings. The
cumulative incidence of one or more chronic
health conditions reached 73.4 % 30 years after
the cancer diagnosis, with a cumulative inci-
dence of 42.4 % for conditions graded as severe,
disabling, or life-threatening [9]. A study involv-
ing 1,315 survivors from the Netherlands
reported similar findings [10]. The excess risk
does not appear to reach a plateau with time [9,
10]. Data from the CCSS indicate that all-cause
mortality is 8.4 times higher among survivors
compared with the United States (US) popula-
tion 25 years following cancer diagnosis [11].
Although recurrent/progressive disease
accounted for most deaths, second or subsequent
cancers and cardio-pulmonary late effects were
noted to become important contributors over
time [11]. Selected late effects by organ system,
their risk factors and recommended surveillance
tests are outlined in Table 1.2.

There is expert consensus that most childhood
cancer survivors should remain in structured,
lifelong follow-up due to increased risk for late
effects, impaired health status, and premature
death. To assist in this task, the Children’s
Oncology Group (COG) has developed risk-
based, exposure-indexed clinical practice guide-
lines for late effects surveillance [12]. The
guidelines are intended to increase awareness
about the potential late effects and to standardize
the follow-up care of survivors provided by pedi-
atric oncology, subspecialty, and primary care
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clinicians. Individual guidelines are updated reg-
ularly and, along with corresponding patient/
family educational materials, may be down-
loaded from the COG website [13]. Research is
underway to validate these guidelines and deter-
mine their clinical utility. Similar guidelines have
been developed by other international coopera-
tive pediatric oncology groups [14-16].

1.4.2 Role of the Cancer
Survivorship (Long-Term
Follow-Up) Clinic

The American Academy of Pediatrics (AAP) has
recommended that pediatric cancer treatment cen-
ters offer a mechanism for the long-term follow-
up (LTFU) care of successfully treated patients,
either at the original treatment center or with a
specialist familiar with the potential adverse
effects of cancer treatment [17]. The main goals
of LTFU clinic are to provide surveillance for late
effects, identify and address medical and psycho-
social issues, provide health education and health
promotion interventions to modify risk, and con-
duct longitudinal research (Table 1.3).

Various effective models exist for delivering
LTFU care [18]. Most LTFU clinics are staffed
by nurse practitioners, a social worker, and a phy-
sician with expertise in childhood cancer survi-
vorship. LTFU clinic staff should also have
referral access to other specialists such as psy-
chologists, nutritionists, genetic counselors, car-
diologists, endocrinologists, fertility specialists,
and orthopedic surgeons. However, given that a
recent survey of COG centers found that only
59 % have a dedicated LTFU clinic, many institu-
tions provide survivorship care by the same treat-
ing oncologist [19]. In programs offering an
LTFU clinic, comprehensive survivorship evalua-
tion is resource-intensive, beginning with gener-
ating a detailed cancer treatment history,
performing a complete physical assessment, pre-
paring a treatment summary and survivorship
care plan, and educating the survivor and family
about health risks, behavior and promotion.

Referral to LTFU clinic generally represents the
“official” transition to long-term follow-up care.
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Table 1.2 Overview of selected late effects in childhood cancer survivors

Organ system

Late effect

Risk factors

Neurologic Neurocognitive delay Methotrexate, cytarabine,
RT
Leukoencephalopathy Methotrexate, cytarabine,
RT
Peripheral neuropathy Vincristine, vinblastine
Endocrine Hypothyroidism RT
Growth hormone deficiency RT
Gonadal failure RT, alkylators
Cardiovascular Cardiomyopathy Anthracyclines, RT
Coronary artery disease RT
Carotid artery narrowing RT
Pulmonary Pulmonary fibrosis, restrictive or ~ Bleomycin, busulphan,
obstructive lung disease lomustine, carmustine, RT
Genitourinary Reduced GFR Cisplatin, RT
Tubular dysfunction Cisplatin, ifosfamide
Hemorrhagic cystitis, bladder Cyclophosphamide,
fibrosis ifosfamide, RT
Reproductive Infertility Alkylators, RT
Gastrointestinal Cirrhosis RT
Chronic enterocolitis RT
Strictures Surgery
Musculoskeletal Osteopenia/osteoporosis Corticosteroids,
methotrexate
Osteonecrosis (AVN) Corticosteroids
Altered bone growth RT
Eyes Cataract Corticosteroids, RT
Auditory Hearing loss, tinnitus Cisplatin, RT
Oral Dental caries, dry mouth, dental RT
maldevelopment
Psychosocial Post-traumatic stress syndrome, The cancer experience;

interpersonal difficulties, special ~ functional disabilities

educational needs, career and

arising from specific late

Surveillance

Neuropsychological
testing

Neurologic examination,
MRI

Neurologic examination
TSH, free T4
Growth chart

Testosterone, estradiol,
FSH, LH

Serial echocardiography
Clinical history
Carotid artery ultrasound

Chest X-ray, pulmonary
function testing

Serum creatinine

Serum electrolytes, Mg,
Phos

Urinalysis

Clinical history, specialty
assessment

Liver function test

Clinical history

Clinical history

Bone density measurement

Clinical examination, MRI
Clinical examination
Regular eye examination
Audiological evaluation
Regular dental
examination

Clinical history,
psychological evaluation,
social work assessment

vocational challenges, insurance
deficits

Secondary neoplasms Melanoma, breast carcinoma,
thyroid carcinoma, sarcoma, bowel
cancer, brain tumor
Acute myeloid leukemia/
myelodysplastic syndrome

Adapted from Freyer DR. J Clin Oncol 2010;28:4810-4818

effects

RT Site specific surveillance

Etoposide, anthracyclines, CBC
RT

RT radiation therapy, MRI magnetic resonance imaging, 7SH thyroid stimulating hormone, FSH follicle-stimulating
hormone, LH luteinizing hormone, GFR glomerular filtration rate, AVN avascular necrosis, CBC complete blood count

When this should be initiated is a matter of
varying practice and some debate. A survey of 24
comprehensive pediatric survivorship programs
found that most patients were referred to LTFU

clinics when they reached 5 years post-diagnosis
and 2 years off therapy, whichever was later [20].
The rationale for this relatively late time point
is that the risk for relapse is minimal for most
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Table 1.3 Components and tasks of survivorship care [8]

Components of ideal system of survivorship care

1. Provide a range of direct services to survivors to
identify, prevent, treat and manage late effects

2. Bridge the realms of primary and specialty health
care with education and outreach

3. Coordinate medical care with educational and
occupational services

4. Conduct research to better understand late effects and
their prevention

Specific tasks of survivorship program

1. Educating and counseling survivors regarding the
specific conditions to which they are susceptible and
guidance of self-monitoring of late effects

2. Applying preventive approaches known to be
effective for the general population, including
encouragement of abstinence from tobacco, limited
exposure to alcohol, sun protection, physical activity,
maintenance of a healthy weight, consumption of
fruits and vegetables

3. Providing psychosocial support services to survivors
and their families

4. Providing reproductive and sexuality counseling

5. Providing genetic counseling for individuals with a
hereditary cancer and their family members

6. Assistance with identifying and meeting financial
challenges

pediatric cancers. One concern about such a late
time point is that for cancers treated with rela-
tively brief therapy (e.g., Wilms’ tumor and
Burkitt lymphoma), the period of elapsed time
between end of therapy and referral for LTFU is
relatively long, during which patients/families
lose motivation to remain in surveillance.
Consequently, this traditional time point is being
reconsidered by some programs in favor of some-
thing earlier while patients are still engaged in
disease-directed follow-up.

The transition to LTFU care is neither as pre-
dictable nor as automatic as might be assumed.
Even well-established pediatric survivorship
clinics within large cancer treatment programs at
prominent hospitals do not necessarily capture all
eligible survivors. The reasons for this have not
been studied extensively, but one survey of survi-
vorship programs suggests many factors.
Institutional factors include inadequate resources
and finances to sustain programs, low institu-
tional commitment toward the provision of
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survivorship care, and a lack of capacity to care
for the growing population of survivors. Factors
arising from the survivor include lack of both
interest and awareness of cancer-related risks
[20]. Patients/families may also be reluctant to
relinquish their relationship with their treating
oncologist in order to see a new physician in
LTFU clinic. In preparing them, physicians may
well need to confront their own reluctance to “let
go” of patients with whom they have bonded dur-
ing treatment. Some patients may find it difficult
to come to the same clinic where they experi-
enced the trauma of cancer treatment. Because of
this, it is ideal to hold LTFU clinic in a setting
separate from the acute oncology clinic. Survivors
and their families may lack financial resources or
have to travel long distances to the LTFU clinics,
as these are often located far from their local
communities. Lack of health insurance coverage
for surveillance tests may be an issue, although
most states provide catastrophic health insurance
programs that cover follow-up services up to
21 years of age.

The Transition from Child-
Oriented to Adult-Focused
Care

1.5

As promulgated by the Society for Adolescent
Medicine, the now-classic definition of health
care transition is the planned movement of ado-
lescents and young adults with chronic physical
and medical conditions from child- centered to
adult-oriented health care systems [21]. Its over-
arching purpose is to provide continuous, well-
coordinated care that is both medically and
developmentally appropriate. As mentioned pre-
viously, the medical rationale for health care
transition of childhood cancer survivors is the
need for late effects surveillance. While health
care transition is a concept now being applied
broadly across most chronic diseases or condi-
tions originating in childhood [22-24], cancer
survivorship is different in that patients are con-
sidered cured, and may not have developed
symptoms of late effects yet. This can cause
many survivors to wonder why continued medical
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care is necessary. From a developmental perspec-
tive, while pediatric care tends to be nurturing
and prescriptive, adult care is typically collabora-
tive and empowering, perhaps more supportive of
the emerging autonomy of an older adolescent/
young adult. Communication should be directed
toward the adolescent/young adult rather than the
parent in order to address important issues such
as sexuality, reproductive health, substance abuse
and other risk-taking behaviors [21]. Most ado-
lescent cancer survivors undergo the same devel-
opmentally appropriate shifts as their peers,
including educational advancement, change in
residence, re-orientation of primary relation-
ships, need for employment and health insurance,
and switch to an adult-focused health care pro-
vider [25]. It is important for health care transi-
tion to address these needs in a way that is
relevant for childhood cancer survivors. Of par-
ticular importance is their understanding of the
non-intuitive relationship linking education,
employment and health insurance—the “‘survi-
vorship triad.” Adolescent survivors should be
counseled to stay in school to reach the highest
educational degree they can, which will assist
them in securing employment that hopefully
offers the health insurance necessary for them to
obtain the life-long survivorship care they need.
Health care transition generally occurs in the
age range of 18-21 years. This is also the age
when most pediatric hospitals begin to have dif-
ficulty serving the needs of adult patients, due to
child-oriented facilities and lack of convenient
access to adult-focused specialists. Recent sur-
veys reveal considerable variation in timing of
transition among pediatric centers [19]. Some
have drawn support for delaying transition until
the mid- to late-twenties, derived from recent evi-
dence that neurobiological maturation in brain
regions responsible for risk-assessment, motiva-
tion and choice is not complete until that time
[26]. Relatively little is known about what factors
contribute to successful health care transition,
particularly for childhood cancer survivors.
Through focus group interviews of adolescents
with special health care needs, their parents and
providers, Reiss and Gibson identified the fol-
lowing factors as being important: (1) having a

n

future-focused orientation throughout care; (2)
viewing transition positively as a normal mile-
stone of late adolescence; (3) starting the transi-
tion process early; (4) fostering personal and
medical independence by promoting early
involvement of the child in medical decision
making; and (5) maintaining continuous, uninter-
rupted health care insurance if possible [27].
Inasmuch as most children with cancer become
long-term survivors, it is appropriate to make first
mention of health care transition even as early as
the initial family conference at diagnosis, and to
revisit the topic at end of therapy and upon refer-
ral to LTFU clinic.

Although health care transition is best con-
ceived as a gradual process, eventually care must
be transferred to the new provider and setting. At
this “transition visit,” at least four broad goals
must be accomplished: (1) assessment of readi-
ness for transition; (2) education of the survivor/
family on essential skills needed in the adult
health care system; (3) preparation of an updated
health care summary, including past cancer treat-
ment, current and potential health problems, and
recommended late  effects surveillance
(Survivorship Care Plan); and (4) communica-
tion with the new adult-focused provider(s)
including a clear transfer of responsibility for
follow-up.

Transitional Care Models
for Young Adult Survivors

1.5.1

A variety of models are in use for care of young
adult survivors. No single care model is “best”
for all settings. In designing a transitional care
program, institutions should consider models that
make the most of their strengths and resources
while adapting best to limitations. More research
is needed to define “best practices” in this area. In
general, existing programs fall into three broad
categories: (1) Cancer Center-based; (2)
Community-based; or (3) Hybrid [18].

Cancer Center-Based Model. In this model,
adult-focused care continues to be provided
within the same cancer center or health system
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where treatment was given. This model is more
prevalent in institutions where both children and
adults are treated. In a recent survey of COG
institutions, this was the most common model
used for care of adult survivors [19]. In this
model, the post-transition team includes an adult-
focused primary care provider (internist, family
medicine, medicine/pediatrics), and/or medical
oncologist, plus pediatric survivorship special-
ists. Thus, this model involves transition to adult
services but not transfer of care. An advantage of
this model is continuity of providers and medical
records. A disadvantage is that survivors may be
required to travel long distances. Further, survi-
vors at low risk of developing late effects may
not need this degree of resource intensity.

Community-Based Model. In this model, survi-
vorship care is provided by a community-based
primary care provider [18]. Here, there is both
transition and transfer of care. When properly
executed, this model involves the treatment cen-
ter providing an identified primary care provider
with a formal Survivorship Care Plan (as
described above). Advantages of this model
include geographic convenience, an emphasis on
wellness/prevention that characterizes primary
care, and integration of cancer survivorship into
routine health care. The chief disadvantage is that
the primary care provider may have a relative
lack of medical expertise in late effects.

Hybrid Model. In this model, a combined
approach is used that involves both the
community-based primary care provider and the
cancer treatment center. Survivors undergo tran-
sition and transfer of care, but in this case a robust
linkage is maintained between the pediatric sur-
vivorship center and the primary care provider.
A formal Survivorship Care Plan is provided to
the primary care provider who assumes responsi-
bility over late effects monitoring. Ideally in this
model, the primary care provider maintains regu-
lar interactions with the survivorship center to
report on the survivor’s status and receive updates
on changing follow-up guidelines. In theory, the
Hybrid Model offers the advantages of both the
Cancer Center-based and Community-based
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Models but offsets the disadvantages of each.
Delivery of survivorship care by the primary care
provider is appealing because CCSS data have
shown better utilization of general medical care
than cancer center care among young adult survi-
vors [28]. Additionally, a recent study from the
Netherlands showed that a coordinated program
involving the childhood cancer treatment center
and family physicians resulted in good outcomes
and provider satisfaction [29].

A variant of the Hybrid Model, called the
Risk-Stratified Model, is utilized in the LIFE
Cancer Survivorship and Transition Program at
Children’s Hospital Los Angeles (CHLA). In
this model, the site of post-transitional survivor-
ship care is determined by the classification of
survivors according to risk for developing clini-
cally significant late effects. As shown in
Fig. 1.2, transition-ready survivors are classified
as either Lower or Higher Risk using adapted
criteria [30, 31].

At 21 years of age, Lower Risk survivors
undergo transition to their primary care providers
to continue life-long follow-up as specified in
their Survivorship Care Plan. Lower Risk survi-
vors are contacted annually by the LIFE Program
to ascertain current health status and adherence
to recommended surveillance (“virtual follow-
up”). Those deemed to be Higher Risk return
annually to the LIFE Clinic for Adult Survivors
of Childhood Cancer, a collaborative pilot initia-
tive involving adult-focused providers held at a
community-based adult cancer center. In this
model, all survivors undergo transition, but full
transfer of care occurs only for those classified as
Lower Risk. Transition-related outcomes data are
now being collected to evaluate the efficacy and
satisfaction with this model. One anticipated ben-
efit is rational, risk-based utilization of valuable
survivorship resources.

1.5.2 Barriers to Transition of Young
Adult Survivors

No discussion of health care transition for young
adult survivors of childhood cancer is complete
without mention of the sometimes formidable
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Criteria for Undergoing Health Care Transition

1. Current age 2 21 years

2. Stable medical and emotional status

3. Demonstrated “transition-readiness”
Receipt of defined transition skills
education

Sufficient knowledge

Lower Risk
Lower probability of developing clinically significant
late effects

Typical therapeutic exposures
o Surgery only
o Low-risk chemotherapy (vincristine,
antimetabolites, minimal anthracyclines and
alkylators)

Primary care provider
Annual surveillance by
PCP with virtual follow
up by LIFE Clinic

o No radiation therapy
Examples: Low-stage Wilms tumor, standard-risk
acute lymphoblastic leukemia

v Understands need for ongoing
survivorship care
v Understands when to seek care

v Understands how to access care
Primary Care Provider identified
Insurance status defined
Contact information updated
Transition document signed by survivor

No oA

Higher Risk
Higher probability of developing clinically significant

late effects
Typical therapeutic exposures
o Higher-risk chemotherapy (Anthracyclines,
Alkylators)
o Radiation therapy
o Stem cell transplant
Examples: High-risk acute lymphoblastic leukemia,

LIFE clinic
Annual follow-up in
LIFE Clinic for Adult
Survivors of Childhood
Cancer

acute myeloid leukemia, brain tumor, advanced
stage sarcoma

*See text for additional details

Fig. 1.2 Risk-stratified model for transition of young adult survivors used by the LIFE Cancer Survivorship and

Transition Program at Children’s Hospital Los Angeles

barriers encountered at the level of the survivor,
health care provider and medical systems
(Table 1.4). While some have been the subject of
research, others remain clinical observations and
impressions.

Barriers Related to the Survivor. Certain nega-
tive perceptions and lack of relevant health-
related knowledge may interfere with follow-up.
These factors include a lack of awareness about
long term risks and need for continued monitor-
ing [32, 33], reluctance to terminate long-
standing relationships with their pediatric
oncology providers, and the challenge of build-
ing relationships in new health care settings [27].
Additionally, the perceived stigma of a cancer
history and the emotional difficulty of continuing
to discuss the cancer experience may contribute
[34]. There is some evidence to suggest that tar-
geted interventions aimed at improving survivor
knowledge might result in improved adherence
to recommended late effects screening. Seventy-
two survivors of Hodgkin lymphoma who were
at increased risk of breast cancer or cardiomyop-
athy but had not undergone recommended screen-
ing during the previous 2 years were mailed a
one-page survivorship care plan containing
applicable surveillance recommendations [35].

Table 1.4 Barriers to transition of survivorship care

Survivor-related = Complex cancer treatment history
Multiple long-term health risks

Failure or inability to assume
personal responsibility for health

Lack of personal support systems
Lack of trust in new health care

provider
Survivor/family ~ Over-protectiveness
related Fear of loss of control

Emotional dependency on child
survivor

Lack of trust in new health care
provider

Lack of knowledge or experience in
post-transitional care and survivor’s
underlying medical condition and
health risks

No preexisting emotional bond with
survivor/family

Burden of assuming care for unfamiliar,
occasionally complex survivors

Lack of seamless referral networks
linking pediatric and adult-oriented
providers

Adult-focused
provider related

Health
system-related

Lack of systemic training of health
care professionals in post-
translational health care

Loss of health insurance needed for
continuation of survivorship care in
young adulthood and beyond

Adapted from Freyer DR. J Clin Oncol 2010;28:4810-4818
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Their primary physicians were given patient-
specific information. Within 6 months, 41 % of
survivors completed the recommended mammo-
gram and 20 % completed the echocardiogram.
However, providing written directives may not
be enough, as they can be easily misplaced or lost
[36]. Electronic health records accessible by sur-
vivors or their care providers through secure
internet portals, such as the innovative Passport
For Care initiative [37], may address some of
these issues.

Barriers Related to the Health Care Provider.
Barriers related to the health care provider
involve both the pediatric cancer specialist and
the adult-focused physician. Among both pediat-
ric oncology providers and survivors, there are
concerns that adult-focused providers lack survi-
vorship expertise [19, 32, 33]. A factor likely
contributing to this is the current paucity of
survivorship-related content in medical school
curricula and primary care residency training,
whereas pediatric oncology fellowship training
in survivorship is improving [38]. At the same
time, it is unclear how diligent pediatric cancer
specialists have been in reaching out to develop
collaborative relationships with those primary
care providers due to their own reluctance to “let
g0” of survivors. The extent to which these fac-
tors actually are operative is not well understood,
but the perceptions are pervasive [19].

This lack of survivorship expertise might be
addressed in several ways. Fundamentally, clini-
cal survivorship and health care transition must
be addressed at multiple levels of education for
health care professionals, particularly during
residency training in the primary care specialties
of family medicine, internal medicine and
medicine-pediatrics. It also needs to be included
as a topic in continuing medical education con-
ferences and on-line courses, such as the “Focus
Under Forty” series recently launched by the
American Society of Clinical Oncology [39]. At
the same time, it may be unrealistic to expect
primary care providers to have sufficient exper-
tise in caring for higher-risk survivors. As dis-
cussed earlier, one response might be for
pediatric survivorship programs to stratify young
adult survivors at the time of transition such that
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only those deemed to be at lowest risk for devel-
oping late effects are transitioned to primary
care providers. Another is to make patient-spe-
cific surveillance recommendations available to
both survivors and their primary care providers
through a secure, interactive on-line resource
that can be accessed in real time at the point-of-
care, the prototype for this being Passport For
Care [37]. Passport For Care could prove helpful
even for some pediatric oncologists [40].

Barriers Related to Systems of Care. At least two
important system-based issues serve as barriers
to effective survivorship care. The first is a lack
of survivorship care networks linking pediatric
and adult-focused providers. A key element for
facilitating this is a shared electronic medical
record (EMR) containing relevant clinical detail
for each patient. Since the type of EMR that
bridges treatment centers and outpatient practices
is usually provided by hospitals or health sys-
tems, its availability is dependent upon their stra-
tegic commitment in this area. As a partial or
interim alternative, the Passport For Care initia-
tive may be utilized [37].

The second issue, particularly pertinent in the
US, is the lack of continuous health insurance
coverage over the transitional age period. Data
from the CCSS have documented that, compared
with siblings, young adult survivors have less
health insurance coverage and are more likely to
report difficulties obtaining it [41]. This is, by no
means a survivorship-specific issue, as young
adults in general are the most under-insured seg-
ment of the US population [42]. For childhood
cancer survivors, this may result in not receiving
appropriate monitoring or management for late
effects despite increasing risk. Typically, children
with cancer are covered by Medicaid-funded
state programs for catastrophic illness, but this
coverage usually ends at 21 years of age, result-
ing in the “aging out” phenomenon commonly
mentioned in transitional care literature from the
US. For young adult survivors fortunate enough
to qualify for coverage on their parents’ private
health insurance policy, a provision of the Patient
Protection and Affordable Care Act passed in
2010 by the US Congress permits them to remain
covered until 26 years of age [43].
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1.6  Conclusion

The transitions during childhood cancer treat-
ment take place against a backdrop of each
patient’s normal physical, emotional and social
development. Understanding the major develop-
mental tasks of childhood is essential in order to
normalize the cancer experience in an age-
appropriate way. Families often feel unprepared
for end of cancer treatment and are relieved to
discover that they will be systematically followed
for relapse initially and long-term health and
well-being later. Many survivors remain at
increased life-long risk for clinically significant
complications of their cancer therapy. The pri-
mary focus of long term follow up care is risk-
based monitoring for late effects and provision of
health information to the survivor and family.
Transition of young adult survivors from the
pediatric to adult-focused setting is a major chal-
lenge. Multiple transitional care models exist but
formidable barriers may be encountered at the
level of survivor, health care provider and medi-
cal systems. Understanding these barriers and
developing strategies to overcome them are
essential for successful health care transition of
the young adult survivor of childhood cancer.
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2.1 Introduction

As a growing number of childhood cancer survi-
vors mature into adults, they have given us a
better understanding of the evolving and lasting
impact of cancer on the developing child. Because
the needs of survivors are ongoing and complex,
interdisciplinary care can be optimized when
considered within a lifespan developmental
approach. A developmental perspective requires
sensitivity to the dynamic context of the child and
family’s illness experience over time [1, 2]. More
broadly, development is seen as a function of
interactions between an individual and the envi-
ronment, such that the individual, environment,
and interactions shift over a temporal course [3].
Transitions between developmental periods are
also important, as major changes in social roles
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and contexts can significantly alter the course of
physical and psychosocial well-being.

Applied to childhood cancer, a lifespan devel-
opmental perspective is integral to planning long-
term care. As noted in subsequent chapters of this
book, the child’s age or the timing of diagnosis
and treatment, as well as his or her current devel-
opmental status during survivorship, are impor-
tant with respect to evaluating risk for late effects
and providing appropriate medical and support-
ive care. The developmental context of cancer
has particular relevance for the child’s concept of
illness and death, medical knowledge, and
involvement in self-care and decision making
into survivorship. Furthermore, the timing of any
stressor, such as a cancer diagnosis and treat-
ment, may have implications for the emergence
of psychopathology and successful coping strate-
gies in children. Finally, there is evidence that
childhood cancer can affect the transition
between developmental periods after diagnosis,
including the attainment of socially-valued mile-
stones (e.g., graduation, employment) and the
survivor’s future orientation or goals (e.g., desire
to marry or have children).

Thus, we begin this chapter by defining child-
hood, adolescence, and emerging adulthood and
by highlighting the primary tasks of each devel-
opmental period [1]. Because limited work has
examined the cancer experience of infants and
toddlers, we focus on later years, particularly the
transition from adolescence into emerging
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adulthood when survivors begin taking greater
responsibility for their healthcare and often trans-
fer from pediatric to adult providers. Attention is
paid to the consequences of a child’s diagnosis
and treatment for cancer with respect to medical,
psychosocial, and socially-valued outcomes.
Clinical implications for the assessment and care
of the childhood cancer survivor are discussed
within a developmental context. Finally, direc-
tions for future research are summarized at the
conclusion of this chapter.

2.2 Childhood, Adolescence,

and Emerging Adulthood

Early childhood (e.g., infancy and preschool
years) is a peak period for diagnosis of the two
most common childhood cancers, leukemia and
brain tumors, but it is the least studied develop-
mental period in psycho-oncology [4]. The
intersection of rapid biological development
and treatment toxicities can set the stage for
later morbidity and late effects, such as neuro-
cognitive, sensorimotor, or psychosocial prob-
lems. Foundational skills are established such as
forming a secure attachment, eating, and toilet-
ing. Greater communication skills, physical
mobility, and socialization occur through paral-
lel play and exploration of the world outside of
the primary attachment. Although toddlers are
relatively egocentric, they develop the ability to
conceive of unobserved objects, events, or feel-
ings that allow for fantasy or imaginative play.
During middle and later childhood (i.e., ages
5-10 or 12 years old), entry into formal educa-
tion coincides with the acquisition of academic
skills and concrete operational thought, such as
elemental logic and conservation. Children
become more self-sufficient and engage in new
relationships outside of the family. As they
begin to learn and conform to social rules, peer
relationships are established, and there is a
growing importance of group acceptance and
same sex friendship. The development of self-
esteem is also notable as youth engage in social
comparison with peers.
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Adolescence is defined in many ways based
on chronological age, biological indicators (e.g.,
pubertal timing or maturation), or simply as the
second decade of life. It primarily encompasses
the teenage years and is characterized by numer-
ous biological, psychological, and social changes
[5]. Neurobiological changes occur, such as syn-
aptic pruning of the prefrontal cortex and ongo-
ing myelination of intracortical regions [6]. The
development of formal operational thinking
marks a greater capacity for abstract thought and
higher order reasoning. Executive functions, such
as perspective taking and emotion regulation,
evolve. Socially, adolescents develop greater
autonomy from parents and gravitate more
toward the peer group. With puberty and hor-
monal changes, psychosexual development
begins to include dating, sexual exploration, and
more intimate emotional connections with vari-
ous romantic partners. At the same time, adoles-
cents are also at higher risk for psychopathology,
risky health behaviors, and non-adherence to
medical regimens [3, 7, 8]. Despite expectations
to increase self-management and responsibility
for their healthcare, many health behaviors (e.g.,
adequate nutrition, exercise) are known to decline
markedly in adolescence [9, 10]. In addition,
experimentation in risk-taking behaviors (e.g.,
alcohol use, unprotected sex) is common, further
blurring the distinction between normative and
abnormal functioning during this time [3].

During emerging adulthood (i.e., ages 18-25)
one gains increasing independence, acquires
more responsibility, and forms an identity that
will likely endure throughout adulthood [11].
The decisions and actions that occur during this
time can affect education levels, occupational
attainment, and social status across the lifespan
[12]. Neurobiological changes continue [6].
Primary developmental tasks include formulating
one’s own identity or self-concept, establishing
independence from parents, and exploring educa-
tional, career, and romantic options [11].
Typically, parent-child relationships improve in
early adulthood as children become more inde-
pendent, more geographically distant (e.g., away
at college), and more similar to their parents with
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regard to roles and responsibilities (e.g., adult
work or spousal roles) [13]. Additionally,
friendships and peer acceptance remain impor-
tant in emerging adulthood, and romantic rela-
tionships become more serious and intimate [11,
14]. However, there is significant variability
among youth in these domains. A hallmark char-
acteristic of the late teens and early 20s is the
experience of multiple life changes, such as dat-
ing different partners, moving frequently, seek-
ing temporary or part-time employment, and
pursuing various educational alternatives.
Because of the inherent instability during this
time, it is often challenging to assess develop-
mental outcomes and then extrapolate or predict
future adult well-being. For example, occupa-
tional status as an unemployed student or a part-
time, hourly employee during emerging
adulthood is often temporary and may not be
indicative of later economic success.

2.3 Medical Knowledge

and Health Behaviors

When a child or adolescent is diagnosed with
cancer, there is potential to disrupt development
in many areas, which can lead to subsequent dif-
ficulties in adulthood. The transition to emerging
adulthood is particularly important as they begin
taking primary responsibility for their healthcare,
experience changes in health insurance, and often
“outgrow” their pediatric providers [11, 15].
Unfortunately, the inherent instability in resi-
dence and employment during this developmen-
tal period may increase the risk that survivors are
lost to follow-up and fail to engage in appropriate
surveillance for relapse and late effects.
Furthermore, Kadan-Lottick et al. (2002) found
that nearly 30% of 635 survivors over the age of
18 could not accurately report their diagnosis,
and many were unaware of specific treatments
they received [16]. Thus, attention to these issues
is crucial for adequate care.

With respect to early cancer communication,
parents often act as gatekeepers, managing what
and how their child is told about the illness and
treatment [17]. Unfortunately, health literacy and
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lay understanding of cancer is often poor [18],
and several studies suggest that parents may not
fully understand important aspects of their child’s
diagnosis, which can complicate communication
with the child [19, 20]. Although older children
often receive more information about their illness
relative to younger children [21, 22], it is typi-
cally focused on treatment and procedural details,
rather than severity and long-term outcomes. In
one study, only 30% of parents talked to their
children about all or almost all aspects of their
child’s cancer [21]. Claflin and Barbarin (1991)
found that of 43 children with cancer, only 50%
of children under the age of 9 knew the name of
their illness, compared with 87% of 9 to 14-year-
olds, and 70% of those over 14 years [23]. Even
among adolescents with a long history of disease-
free survival, confusion about their disease and
treatment is common [24, 25].

Despite ongoing improvements in survivor
education and greater availability of comprehen-
sive long-term follow-up care, lack of knowl-
edge has significant implications in multiple
domains, including decision making, healthcare
utilization, and monitoring of late effects.
Although knowledge is critical, it is often not
sufficient in producing adherence to medical
regimens. Health behavior models suggest other
factors are also important, such as adolescent’s
risk perceptions, self-efficacy, and perceived
barriers (e.g., lack of health insurance, transpor-
tation) or benefits (e.g., improved quality of life,
prevention of late effects) of action [7].
Furthermore, it is important to consider these
within a socio-ecological framework. As the
desire for autonomy grows throughout child-
hood and adolescence, independence may be
disrupted by the diagnosis and treatment
demands [8]. During survivorship, adolescents
and emerging adults may wish to be independent
not only of parents but also from other authority
figures (e.g., physicians or others offering
advice), resulting in poorer adherence to health-
care recommendations.

Many lifelong health behaviors are estab-
lished in childhood, yet significant declines in
health promoting behaviors, such as nutrition and
exercise, occur in adolescence [9, 10]. Adequate



20

nutrition, exercise, sun protection, and self-
examination/screening are important for all
youth, but especially for optimizing the well-
being of survivors. The extent to which the diag-
nosis or treatment caused physical limitations or
disrupted the development of healthy habits will
affect health in survivorship. Nutritional prob-
lems are common during treatment, and parents
may be unaware of specific needs, such as the
importance of calcium to prevent osteopenia in
survivorship [26]. Children with cancer also
demonstrate reduced physical activity and a
lower capacity for exercise both during treatment
and long-term [27, 28]. Adherence to sun protec-
tion has been noted as the least frequent health
behavior practiced by survivors [29]. Furthermore,
screening behaviors, such as breast or testicular
self-examination, have been suboptimal among
survivors [30].

Testing limits and experimenting in high risk
or health compromising behaviors, for example
sexual activity and substance use, is normative
in adolescence [31]. Unfortunately, involvement
in these behaviors, even at an experimental
level, can have significant long-term conse-
quences for physical and psychosocial health
(e.g., sexually transmitted diseases, drunk driv-
ing accidents). This is especially problematic
for survivors of childhood cancer and may
increase vulnerability to further health problems
or secondary malignancies. Although children
and adolescents with cancer may be protected
from some high risk or health compromising
behaviors, participation in these behaviors is
generally similar to peers [32-34].

2.4  Psychosocial Functioning

Early psychopathology and social difficulties in
children are concerning as they can increase risk
for comorbid or future problems [35]. Generally,
survivors are not at risk for severe psychopathology
over the long-term, but there is some risk for inter-
nalizing (e.g., depressed mood, post-traumatic
stress symptoms) and social (e.g., peer rejection)
problems, particularly among children with brain
tumors or those who received central nervous
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system (CNS) directed therapies [36]. While many
individual and family factors can contribute to the
development of psychopathology in childhood,
often proximal factors, such as parental depression,
and family conflict are the most common contribu-
tors to a child’s risk in the context of cancer [37,
38]. This mirrors the developmental literature indi-
cating that the two primary factors that buffer the
impact of stress on children are intelligence and
having a warm and consistent caregiver [39].
Stress and coping research also suggests that
cumulative stressors and disengagement coping
strategies, such as denial and wishful thinking
increase risk for difficulties, while active engage-
ment coping strategies tend to be associated with
resilience in youth [40, 41]. It is important to note
that parents and children may cope similarly, as
parents often provide direct instruction or model
coping strategies for their children. While young
children may not be capable of more complex
coping strategies (e.g., cognitive restructuring) to
manage stress, they acquire a more sophisticated
repertoire as they mature, and intervention stud-
ies suggest many of these effective strategies can
be introduced to children as young as 9 [42, 43].

2.5 Developmental Milestones

Because survivors appear to have limited psy-
chopathology, research has focused on more
subtle indicators of functioning, such as the
attainment of socially-valued outcomes or devel-
opmental milestones (e.g., graduation rates,
employment, parenthood). Given the significant
risk for cognitive and functional deficits follow-
ing treatment, it is not surprising that research
has found survivors of childhood cancer may not
reach certain developmental milestones, or they
may have delays in achieving life goals, such as
completing their education and finding employ-
ment [44-46]. A growing area of interest has
been the social development (e.g., family and
peer relationships) of cancer survivors. For
example, there is some evidence that survivors
of childhood cancer may experience early social
difficulties, as well as delays in marriage and
parenthood relative to peers [44—46]. Difficulty
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achieving developmental milestones may be
evident particularly for survivors who are
female, had a brain tumor, or received CNS-
directed therapies [44, 45].

It is important to note that early difficulties or
delays in developmental milestones may have a
cascading effect on other outcomes, whether
developmental, social, emotional, or behavioral
[35]. This may include continuity of early diffi-
culties, a higher risk for concurrent problems, as
well as a risk for future problems in multiple
domains. For example, early academic difficul-
ties during or after treatment may indicate the
extent to which survivors will continue strug-
gling with educational demands in the future.
Furthermore, a child who falls behind academi-
cally or has cognitive deficits due to treatment
may later experience peer victimization at school
or internalizing problems, which in turn may
decrease the chances of graduating from school,
securing gainful employment, finding a mate,
and supporting a family in adulthood [35, 45].

2.6  Clinical Recommendations
Providing care that is sensitive to the context of
child development is important throughout cancer
treatment and survivorship. Pediatric providers
should be aware of psychosocial issues, assess the
unmet needs and concerns of their child and ado-
lescent patients, determine the ongoing role of
parents or significant others in care, and facilitate
transitions to adult providers in advance of emerg-
ing adulthood. This is also an important time for
preparing a diagnosis and treatment summary and
providing education to survivors regarding the
need for follow-up. Furthermore, adult healthcare
providers should be aware of these concerns and
the role cancer played in the child’s early develop-
ment. The dynamic and often unstable nature of
emerging adulthood means that natural transitions
in life roles and contexts (e.g., moving away from
home, starting school) will likely affect financial
stability, health insurance coverage, and access to
care in survivorship. Attention to these factors
will provide a foundation for determining the best
approach to long-term follow-up.

21

As noted, healthcare providers should regularly
assess medical knowledge and communication
within the family, as well as screen for cognitive
difficulties in the survivor, to tailor education
accordingly. The Children’s Oncology Group
(COG) has created long-term follow-up guide-
lines, an educational web site, standardized patient
treatment summaries, and psycho-educational
materials individualized to specific late effects that
may result from cancer treatments [47]. This web-
site can be easily accessed by providers or families
and offers teaching and educational materials that
can be modified if needed to be developmentally
appropriate. It is also important for healthcare pro-
viders to assess the survivor’s social resources and
network. Inclusion of primary caregivers or others
who are aware in general of possible survivor
challenges and offer significant social support to
the survivor is crucial for effective teaching. These
support providers can also be instrumental in help-
ing the survivor adhere to recommendations for
follow-up and screening.

Regular screening for psychosocial challenges
and the assessment of strengths and available
resources is also recommended to inform the
allocation of services [48]. Referrals should be
made for evidence-based treatments when war-
ranted to reduce psychological problems [49,
50]. Although interventions to remediate social
deficits or promote social skill development for
survivors have shown modest results [51, 52],
early intervention may help allay later social dif-
ficulties and increase independence in adulthood.
As will be discussed in later chapters, the ability
to provide ongoing support, such as educational
accommodations, physical accessibility, or voca-
tional rehabilitation, during treatment and later
survivorship may help optimize the survivor’s
success at achieving developmental milestones in
emerging adulthood.

Directions for Future
Research

2.7

Arnett (2007) has argued success in emerging
adulthood is not measured simply by the attain-
ment of developmental milestones, but also by a
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subjective sense of having reached adulthood
[53]. Interestingly, most healthy emerging adults
eventually get a job, marry, and have children,
but expectations for happiness are high [53].
Contemporary views indicate that it is no longer
simply about attaining these milestones, rather
satisfaction in life should be high as well. In
western countries, emerging adults now desire
not just a mate, but a soul mate, and not just a job,
but a career or “dream job”. These are lofty goals
for many as evidenced by current divorce and
unemployment rates, but it remains unknown
whether these idealistic goals are even more dif-
ficult to achieve for cancer survivors relative to
their peers. While research has examined subjec-
tive sense of well-being and life satisfaction
among adults with cancer, we know less about
these concepts in pediatric cancer survivors. Do
they have a sense of reaching adulthood at differ-
ent ages than peers? Are they more or less happy
in life? Are they more or less fulfilled, or do they
just have different priorities after facing cancer?

These lingering questions provide new direc-
tions for research with long-term survivors of
childhood cancer. While we are accumulating
more knowledge about the impact of cancer and
its treatment on individuals at different ages,
there is more to learn. Much of our knowledge of
psychosocial outcomes among survivors comes
from seminal work through the Childhood Cancer
Survivor Study [54]. Such epidemiological stud-
ies allow for screening of large cohorts, but lon-
gitudinal, outcome studies are also required for
more in depth assessment of predictors and pro-
cesses. Rarely have studies followed a large
cohort of survivors prospectively from diagnosis
into adulthood. Researchers must understand the
explanatory factors that account for variation
within the survivor population over time, as well
as how their development differs from typical
peers who have not experienced cancer.

Other methodological points for research
include the need for diverse, multi-cultural
cohorts and multiple informants to determine
how perspectives and outcomes may differ in
other countries or populations. Mixed method
approaches that move beyond paper and pencil
measures to include assessments such as
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lab-based tasks, ‘“real world” observation,
qualitative interviews, biological measures (e.g.,
actigraphy, psychoneuroimmunology), and func-
tional imaging will enhance the quality of our sci-
ence. Emerging work to examine unmet needs can
be expanded to understanding how these needs
evolve over the course of treatment and survivor-
ship [55, 56]. Most importantly, research that can
inform the development and evaluation of inter-
ventions to prevent difficulties and promote psy-
chosocial resilience, as well as adherence to
follow-up screening and care, is paramount. These
interventions will be most effective if they can
capitalize on innovative technologies or
approaches that allow for wider dissemination and
easy access to underserved populations.

We now expect that most children diagnosed
with cancer will live long and hopefully full and
happy lives. Thus, considering the long-term
implications of their experience within a lifespan
developmental context will help ensure optimal
care and outcomes during survivorship. Ongoing
research that is methodologically rigorous will
advance our understanding of relevant issues for
survivors. With each step forward, we are on a
path to ensure that children with cancer are not
only surviving, but thriving in adulthood.
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3.1 Introduction

Continuing improvements in the treatment of
childhood cancer have been observed across
developed regions of the world during the last 50
years. However variations in survival persist
between the different European regions. The
Automated Childhood Cancer Information
System (ACCIS) pooled data from most of the
European population-based cancer registries and
demonstrated that the improvements in 5- and
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10-year probability of survival after a diagnosis of
childhood cancer have been greater for children
treated in Northern and Western Europe, or in the
British Islands, than for those treated in Eastern or
Southern Europe [1]. These differences in regional
outcomes may reflect variations in access to med-
ical care and in healthcare systems.

However, the gap between Eastern and
Southern Europe and the other regions of the con-
tinent fell in magnitude during the 20 years cov-
ered by that study, and it is therefore reasonable to
believe that in the coming decades survival rates
close to 80 % will be observed in most children
with newly diagnosed cancer in Europe [2].

There is no official aggregate data collection
about the number of childhood cancer survivors
(CCS) living in Europe, but there is some infor-
mation from population-based national cancer
registries such as those from the U.K. and the
Nordic countries. For example, a Nordic study
has estimated that 1 in every 1,000 individuals
in the general population is a survivor of child-
hood cancer [3]. This figure might differ
between European countries due to the above-
mentioned differences in survival rates across
Europe over time. Nevertheless, it is reasonable
to estimate that there are now 300,000-500,000
CCS living in Europe. With a population of
about 488 million inhabitants across the 27
European Union (EU) countries and assuming
that 16 % are aged between 0 and 14 years,
there are about 78.2 million children in Europe.
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Given an estimated average childhood cancer
incidence in Europe of about 141 new cases/
million/year [4], each year about 11,000 new
childhood cancer cases will be diagnosed in the
continent, and if a conservative overall 5 year
survival of 75 % is assumed for these children
over the next few years, it can be calculated that
each year the European population of long-term
CCS will increase by about 8,250.

At the same time that it is increasing in size,
the population of CCS is also increasing in
attained age and a significant number have
reached or are entering adulthood. It is now esti-
mated that the median age of CCS is between 20
and 29 years (depending on the country) with
some of the oldest survivors already well beyond
their 50th birthday. For example, data collected
by the U.K. National Registry of Childhood
Tumours since 1962 demonstrates that while in
2005 there were 25,989 CCS in the UK, with a
median age between 20 and 24 years, in 2009
there were 30,174 survivors (a mean annual
increase of about 1,000 survivors) with an older
median age of 25-29 years (Stiller CA, personal
communication, with permission).

Over the last three decades, increasing aware-
ness has emerged amongst healthcare providers,
as well as survivors and their families, that suc-
cessful cancer treatment may cause late adverse
effects in CCS, and in particular among those
treated during childhood when the body is still
developing. Moreover, it becomes evident that
the national health systems in general and the
pediatric cancer centers in particular need addi-
tional resources to address the emerging needs of
survivors related to side effects of their previous
treatment, and that transition programs need to be
developed for CCS entering adulthood.

In 2008, PanCare (the Pan-European Network
for Care of Survivors after Childhood and
Adolescent Cancer) was founded in Lund,
Sweden by a group of clinicians and epidemiolo-
gists with the ultimate aim of ensuring that every
European survivor of childhood and adolescent
cancer receives optimal long-term care.
Subsequently, the network has grown to include
more than 150 individuals including pediatric
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oncologists and hematologists, radiotherapists,
other pediatric and adult medical sub-specialists,
psychologists and nurses. It also now represents
survivors and their families.

Recently, PanCare members were funded by the
European Union (EU) to develop PanCareSurFup
(PanCare Childhood and Adolescent Cancer
Survivor Care and Follow-Up Studies) (www.pan-
caresurfup.eu), a project to undertake detailed
large-scale epidemiological studies of late mortal-
ity and of risk factors for severe cardiovascular
events and second malignant tumours, and which
also has the ambitious objective to develop pan-
European guidelines for long-term follow-up
(LTFU) of CCS. This will include detailed recom-
mendations for follow-up based on the treatment
previously received, for models of care to facilitate
LTFU and transition to adult care, and finally for
promotion of optimal future health of survivors.

3.2  Clinical Practice Guidelines
The main aim of clinical practice guidelines is to
improve healthcare processes and health out-
comes. Their effective implementation will
promote consistency in daily clinical practice and
hence facilitate optimal utilization of healthcare
resources. They are increasingly being used to
assist both clinical and healthcare policy decision-
making [5]. As defined by the US Institute of
Medicine, clinical practice guidelines are “state-
ments that include recommendations intended to
optimize patient care that are informed by a sys-
tematic review of evidence and an assessment of
the benefits and harms of alternative care options”
[6]. Guidelines are viewed as powerful tools to
improve the quality of care. They can contribute
to decreased variability in healthcare decisions
between physicians, and stimulate effective care,
communication and collaboration between dif-
ferent healthcare professionals, as well as
between healthcare professionals and patients.
Before the wider use of guidelines, clinical
practice was usually guided by non-systematic
observations based on clinical experience. The
knowledge of basic disease mechanisms and
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pathophysiology was considered sufficient to
guide clinical decision-making [7]. Systematic
development of guidelines within a well-defined
program started in the late 1970s. Guidelines
were seen as tools to improve the quality of
care, and were mainly consensus-based. The
U.S. National Institutes of Health initiated the
development of these so-called “consensus
statements.” The consensus conference had a
central role within this process [8]. During the
1980s, various other organizations outside the
USA adopted this program to develop their own
consensus statements and standards for good
medical care.

In the early 1990s, a shift emerged to more
evidence-based clinical practice based on
content-expertise and clinical experience-based
decision-making. In 1992 evidence-based medi-
cine (EBM) was introduced by the EBM Working
Group. EBM is the process of integrating clinical
expertise with the best research evidence to make
high-quality decisions about the care of individ-
ual patients (Evidence-Based Medicine Working
Group 1992). This emphasized the importance of
systematic literature searches and evidence sum-
maries in the development of guidelines. The
Cochrane Collaboration was founded in 1993 to
improve the availability of the best evidence in
healthcare by facilitating the preparation and
maintenance of systematic reviews. Cochrane
systematic reviews help clinicians evaluate all the
evidence addressing a particular clinical prob-
lem, using standardized methodology for search-
ing and appraising the literature and for reporting
the results [9].

In 1996 the second fundamental principle of
EBM was presented. This principle suggested
that decision makers must always balance the
benefits and risks, inconvenience and costs
associated with alternative management strate-
gies in the decision making process, and also
include consideration of the patients’ values
[10, 11].

The principles of EBM dominate contempo-
rary guideline programs. The method of evidence-
based guideline development has become the
international standard by which contemporary
clinical practice guidelines should integrate the

best available evidence and clinical judgment, as
well as the patients’ perspectives.

3.3  Potential Advantages

of Guidelines

Guidelines are a combination of a summary of
evidence-based knowledge and recommenda-
tions. It is very challenging for a healthcare pro-
fessional to remain up-to-date since more than
two million new scientific papers are published
each year. There is far too much information
available and the conclusions of published work
may be conflicting since all the accessible infor-
mation is rarely summarized. Guidelines can
facilitate in bridging the gap between research
and clinical practice.

Clinical practice guidelines can improve the
quality of clinical decisions. They are useful for
clinicians who are uncertain about how to pro-
ceed, and also enable the patient to make well-
informed healthcare decisions and to consider
their personal needs and preferences in selecting
the best option [5].

The greatest potential benefit of guidelines is
the improvement of health outcomes. Guidelines
recommending proven effective interventions
and discouraging ineffective ones may reduce
morbidity and mortality, and thus improve qual-
ity of life. Guidelines also make it more likely
that patients receive uniform high-quality care,
thereby reducing variability in daily healthcare
practice. It has been shown that the consistency
of healthcare is low—the frequency with which
procedures are performed varies considerably
between clinicians and geographical regions [5,
12]. Several international reviews have shown
that the majority of implemented guidelines have
resulted in significant improvements in the pro-
cess and structure of care [13-15].

Finally, clinical practice guidelines can con-
tribute to reduced healthcare costs by standard-
izing care and hence increasing the efficiency of
care provision and reducing unnecessary or inef-
ficient components of healthcare. Guidelines
reduce expenses for hospitalization, drug pre-
scriptions, surgery, and other procedures [5].
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3.4 Evidence Based Guidelines
Many clinical practice guidelines have been
developed by expert groups without complete
appraisal of the evidence. This method relies on
the group’s knowledge of existing evidence and
the clinical experience of its members. However,
the knowledge of clinicians of published work is
often incomplete due to poor presentation and
dissemination of research findings and difficul-
ties to keep fully up-to-date with the published
literature. Guidelines developed without formal
literature reviews and critical appraisal of the evi-
dence may be biased towards supporting current
practice rather than promoting newer and more
evidence-based practice [16].

Traditionally, the incorporation of evidence
into guideline development was achieved by pro-
viding narrative reviews of topic areas by experts
in the field. However, the general methodology of
this type of review is not transparent, since there
are no explicit research strategies and inclusion
criteria, and formal methods of synthesizing the
evidence are lacking. Authors may cite studies
selectively supporting their own opinion and fail
to cite other studies providing alternative evi-
dence. Therefore guidelines developed after non-
systematic literature reviews may be prone to
selection bias and provide false reassurance [16].

Evidence-based guidelines attempt to be as
complete and focused as possible in summarizing
the available evidence. The best way to summa-
rize the evidence is a systematic review. However,
since this is very time consuming and costly, a
decision should be taken during the guideline
process for which particular issues a systematic
review should be performed. A systematic review
aims to minimize the occurrence of bias through
an explicit search strategy to identify all available
evidence, selection and assessment of the meth-
odological quality of the evidence, and reduction
of random error by using quantitative methods
(i.e., meta-analysis). The Cochrane Collaboration
is the largest provider of systematic reviews for
healthcare and includes approximately 6,000 sys-
tematic reviews in the Cochrane Library. The
Cochrane Collaboration developed standardized
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methods to perform systematic reviews. The
Cochrane Childhood Cancer Group (CCCQG) in
Amsterdam has been registered within the
Cochrane Collaboration since 2006 (www.ccg.
cochrane.org). The goal of the CCCG is to con-
duct and maintain systematic reviews on diagno-
sis of and interventions for cancer in children and
young adults with respect to prevention, treat-
ment, supportive care, psychosocial care, pallia-
tive and terminal care, nursing care, and late
adverse effects of treatment.

However the translation of evidence into rec-
ommendations is not always straightforward
since data can be interpreted in different ways
depending on clinical experiences. In addition,
one should keep in mind that evidence is only one
component of the development of evidence-based
guidelines and needs to be considered alongside
clinical expertise and patient values. Transparency
about the process is essential [9, 16].

General Methods
for Guideline Development

3.5

To ensure that guidelines can be effective in
improving healthcare they should meet specific
quality criteria. Preferably, guidelines should be
developed within a structured and coordinated
guidelines program. The guideline process con-
sists of the following steps:

1. Topic selection.

2. Composition of multidisciplinary working

group.

Extensive search of literature.

4. Summary of the evidence, including quality
assessment.

5. Formulation of recommendations (by com-
bining the evidence with clinical expertise and
the weighting of ethical, cultural and patient
values. Reasons why specific choices have
been made should be explicitly described).

6. Dissemination.

Publication.

8. Literature monitoring to identify needed
updates.

It is important to note that developing
evidence-based guidelines does not guarantee an

»
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improvement in the quality of healthcare. The
success of guidelines depends on many factors,
including their clinical context, methodology,
dissemination, and implementation strategies.
Effective implementation should ensure guide-
line adherence in practice and hopefully subse-
quently lead to improved patient outcomes.

3.6  Existing European LTFU

Guidelines

Over the last 10 years, several long-term follow-
up (LTFU) guidelines have been developed.
Those LTFU guidelines produced by European
organizations are descibed in more detail below.
In addition, the Children’s Oncology Group
(COG) from North America has published
“Long-Term Follow-Up Guidelines for Survivors
of Childhood, Adolescent, and Young Adult
Cancers” which incorporate comprehensive rec-
ommendations for LTFU (Version 3.0, 2008)
(www.survivorshipguidelines.org).

Two LTFU guidelines have been written inde-
pendently in the UK., namely the Scottish
Intercollegiate Guidelines Network (SIGN) “Long
term follow up of survivors of childhood cancer, A
national clinical guideline” (2004) (www.sign.ac.
uk/pdf/sign132.pdf) and the United Kingdom
Children’s Cancer Study Group (UKCCSG) Late
Effects Group “Therapy-based Long-term
Follow-up Practice Statement” (second edition,
2005) (http://www.cclg.org.uk/dynamic_files/
LTFU-full.pdf). In addition, the Late Effects
Taskforce of the Dutch Childhood Oncology Group
(DCOG LATER) has developed the multidisci-
plinary “Guidelines for follow-up after childhood
cancer more than 5 years after diagnosis™ (http://
later.skion.nl/). Furthermore, additional LTFU
guidelines have been developed by national pediat-
ric hematology/oncology late effects groups in sev-
eral European countries, including France, Germany
and Sweden. In contrast, some other European
countries (e.g., Hungary, Italy) do not have any
national LTFU guidelines, although a proportion of
institutions performing LTFU may share follow-up
protocols (e.g., the Person Prevention Oriented
Approach developed in Genoa and Monza in Italy).

The UKCCSG and SIGN guidelines have both
been published in written form and are also freely
available on the internet. The Swedish SALUB
“Follow-up after Childhood Cancer” guidelines
are available on the internet in Swedish and in
English (http://www.blf.net/onko/page6/pagel4/
files/Salub_5_2010_Eng.pdf). Although the full
DCOG LATER document is available on the
internet only in Dutch, the cardiac guideline from
this work has been published in English [17]. The
LTFU guidelines produced by the German GPOH
(“Care of children with cancer, adolescents and
young adults—recognition, avoidance and treat-
ment of late effects”, http://www.awmf.org/leitli-
nien/detail/11/025-003.html) are available in
German with English translations for some sec-
tions. The other European LTFU guidelines are
usually available only in their native language.

However, these guidelines have been pro-
duced using different methodologies by national
groups working independently of each other, and
therefore have diverse scopes and attributes. In
the last 2 years, collaborative efforts have com-
menced to promote consistency between LTFU
guidelines and standardization of their recom-
mendations worldwide, but the magnitude of this
task has required pragmatism in prioritizing those
late effects most in need of harmonized recom-
mendations. Meanwhile, recognition of the
importance of developing new guidelines that
will promote equity of access to optimal LTFU
care across the whole of Europe is reflected in the
award of EU programme funding to the
PanCareSurFup project to develop pan-European
LTFU guidelines.

3.6.1 Comparison

of the Methodology

and Content of the Published
UKCCSG, SIGN and DCOG

Later LTFU Guidelines

The three widely available European LTFU guide-
lines highlight the evolution of guideline develop-
ment methodology over the last two decades. The
UKCCSG Practice Statement was initially devel-
oped by a small working party from the Late
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Effects Group (LEG) of UKCCSG (now known
as CCLG, the Children’s Cancer and Leukaemia
Group). The first edition (then known as the
UKCCSG Long Term Follow Up Therapy Based
Guidelines) was introduced in 1995 as a booklet,
but the second edition was published in both
booklet format and on the internet in 2005. Both
editions aimed to provide therapy-based guide-
lines to inform and guide all clinicians responsi-
ble for LTFU, including pediatric hematology/
oncology and other medical staff and specialist
nurses. The contributors, most of whom were
members of the UKCCSG LEG, were chosen on
the basis of their expertise and interest in the spe-
cific topics included within the guidelines. They
used a range of information sources including
their individual knowledge and searches of the
published literature, as well as the clinical experi-
ence of, and expert opinions from, respected
sources (including individuals, committees and
reports) where available. However, there was no
funding or systematic organizational support for
the preparation of the guidelines and recommen-
dations, and hence no formal critical appraisal of
the evidence itself. In recognition of this, the sec-
ond edition was described as a Practice Statement
rather than as Guidelines. The cost of publication
of each of the editions was supported by an educa-
tional grant from a pharmaceutical company, but
these companies were not involved in the devel-
opment of either of the documents.

The second edition updated and extended the
information in the first, and added four new “late
effects” sections as well as three new appendices
providing specific guidance for LTFU of survi-
vors of central nervous system (CNS) tumours
and of bone marrow transplantation (BMT), and
for immunization after completion of treatment.
The Practice Statement is intended to be compre-
hensive, covering the full range of late adverse
effects encountered by CCS. The statement is
used by summarizing the treatment that the survi-
vor has received previously, and using this to
select appropriate follow-up protocols, which
include clinical recommendations for assessment
(history, examination and investigations as appro-
priate) and management (specialist referral and
in some cases initial treatment).

R. Skinner et al.

The SIGN Clinical Guideline is an evidence-
based guideline funded and developed using the
well-established SIGN network and methodol-
ogy. Over 120 SIGN guidelines have now been
published since 1995, covering a wide range of
medical, surgical and dental topics. The produc-
tion of all SIGN guidelines is underpinned by a
consistent and thorough evidence-based method-
ology centred on the use of a systematic review
process to identify and critically appraise the evi-
dence. Each guideline is developed by a represen-
tative multidisciplinary group. The resultant
recommendations are explicitly linked to and
graded according to the strength of the underlying
evidence, thereby allowing clinicians to judge
more easily the applicability and validity of the
recommendations. Therefore, the recommenda-
tions of the SIGN Clinical Guideline have consid-
erable strength given the rigorous process of their
development. Unfortunately, the guideline is cur-
rently more limited in scope than the UKCCSG
Practice Statement since it only covers issues
related to growth, puberty/reproduction, cardiac,
thyroid and cognitive/psychosocial function.
Hence it omits many important late effects suf-
fered by CCS (e.g., respiratory toxicity), although
it is currently being updated and expanded to
include second malignant neoplasms (SMNs),
bone health, fertility issues, the metabolic syn-
drome and provision of information. Nevertheless,
the recommendations may be used to identify
CCS at risk of the categories of late effects
included within the document and to guide their
LTFU surveillance and care. In addition, the
SIGN Clinical Guideline includes a very useful
section on the practicalities of LTFU itself, and in
particular on follow-up strategies with sugges-
tions for different levels of care appropriate to the
previous treatment received by the survivor.

In 2005, the need was recognized for national
Dutch clinical practice guidelines for the follow-up
care of CCS, resulting in a grant from the
Netherlands Organisation for Health Research and
Development (ZonMW). Consequently, in 2010
the evidence-based DCOG LATER guideline was
published, with the aim of standardizing and
improving survivor care in the Netherlands. Sixteen
multidisciplinary working groups, including 81
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participants with relevant professional expertise
and survivors, contributed to the development of
the guideline—each working group formulated rel-
evant clinical questions, searched the literature and
summarized the evidence, with regard to the etiol-
ogy, prognosis, diagnosis and therapy of the impor-
tant late adverse effects (LAEs) seen in survivors.
Nationwide meetings were held to discuss the con-
clusions of the evidence summaries and to formu-
late recommendations based on the evidence,
clinical expertise and patient values. The decision-
making processes were clearly described. The
DCOG LATER guideline covers the full range of
LAEs experienced by CCS and gives recommen-
dations about which CCS need surveillance, what
surveillance modalities should be used, the fre-
quency surveillance should be performed at, and
what should be done when abnormalities are found.
In addition, the guideline includes recommenda-
tions on employment and social consequences, and
on the organization of LTFU care.

International Harmonization
of Recommendations for LTFU
Guidelines

3.6.2

The International Late Effects of Childhood
Cancer Guideline Harmonization Group is a
recently formed collaboration between represen-
tatives of the five international groups active in
developing LTFU guidelines (CCLG, COG,
DCOG LATER, SIGN and PanCareSurFup) as
well as several individuals representing other
international pediatric hematology/oncology and
late effects organizations in North America,
Europe, Japan, Australia and New Zealand. It
seeks to achieve consensus concerning clinical
practice guidelines for LTFU of major LAEs in
CCS. Comparison of the published European and
COG guidelines reveals areas both of concor-
dance and discordance, resulting in the existence
of many differing recommendations. Despite the
potentially varied needs of different countries
and healthcare settings, there is increasing recog-
nition of the advantages and efficiencies of col-
laborative efforts to share evidence and the
workload in LTFU guideline development. This

leads to both complementary and beneficial out-
comes such as harmonized recommendations.
Recent work performed by the project has led to
the development of surveillance recommenda-
tions for both secondary breast cancer and car-
diomyopathy in CCS, identifying which survivors
should be screened, how, when and how often
[18, 19]. These recommendations have been
developed in such a manner as to permit imple-
mentation in a variety of different healthcare and
resource settings. Other future topics have
recently been selected by a panel of experts in
LTFU of CCS using a Delphi survey [20].

3.6.3 Pan European LTFU Guidelines

European concordant evidence-based LTFU
guidelines are lacking at this current time; despite
this, it has become clear that pan-European guide-
lines are urgently needed to tackle the issues that
are most important for the future physical and psy-
chosocial health of the rapidly-growing population
of CCS. The overall goals of such guidelines
should be to promote equity of access to optimal
LTFU for each survivor in all European countries,
and to facilitate rational and cost-efficient use of
resources by national healthcare systems.

Pan-European LTFU guidelines will also
offer the prospective opportunity to collect
LTFU data homogenously throughout Europe,
thereby not only providing important up-to-date
information about the current burdens and nature
of LAEs of childhood cancer treatment in
Europe, but also permitting feedback to inform
the planning of future clinical trials including
those for primary prevention of late adverse
effects in CCS.

3.6.4 PanCareSurFup Work Package
6 (Guidelines, Long-Term
Follow-Up and Transition)

EU funding for the PanCareSurFup project,
which will run until 2016, has provided the
opportunity to develop pan-European evidence-
based LTFU guidelines to meet these needs.



32

Particular care will be taken to avoid wasteful
duplications of effort through collaboration
with the other guideline-producing organiza-
tions aforementioned, including the European
groups (CCLG, DCOG LATER and SIGN),
COG and the International Harmonization
group.

Work Package 6 (WP6) has been specifi-
cally tasked to perform this work. Evidence
that has been gathered from a variety of sources
will be summarized and used to develop the
recommendations for clinical practice in the
LTFU of CCS. These recommendations will be
designed to optimize the prevention, early
detection and treatment of physical or psycho-
social LAEs, as well as the organization of
LTFU care to achieve these aims. Particular
attention will also be paid to developing spe-
cific recommendations for age-appropriate
transitional LTFU care of CCS approaching
adulthood, and to providing optimal general
and individualized health-promotion advice for
CCS and their families. The information
sources utilized will include the published lit-
erature, existing clinical LTFU guidelines and
research data accruing from the large-scale
epidemiological studies of cardiovascular dis-
ease, SMNs, and late mortality that will be per-
formed concurrently in PanCareSurFup itself.
Since healthcare of long-term survivors
involves both physical and psychosocial ele-
ments and is best achieved through active part-
nerships between both primary and more
specialized health care providers from a wide
range of disciplines, survivors and their fami-
lies, input from representatives of all of these
groups will be sought during the development
of the PanCareSurFup LTFU guidelines.

In addition to the anticipated benefits of pan-
European guidelines hereby mentioned, it is
hoped that the PanCareSurFup guidelines will
allow health service resources to be directed spe-
cifically to those most at risk, and most likely to
benefit from surveillance and subsequent health-
care intervention, facilitating the development of
health promotion initiatives in CCS and provid-
ing the finest evidence base for training health-
care professionals.

R. Skinner et al.

3.7 PanCareSurFup LTFU
Guidelines:

The Important Steps

The crucial stages during the production of the
PanCareSurFup LTFU guidelines include the
selection of appropriate topics, formulation of
pertinent questions, acquisition and evaluation of
relevant evidence leading to the development of
evidence summaries to underpin the recommen-
dations that will constitute the guidelines. The
development of preliminary draft recommenda-
tions will allow the opportunity for feedback
from a variety of sources that may then be incor-
porated into the final guidelines. These will then
be disseminated widely amongst the target popu-
lation (European CCS, their families and health-
care providers) and implementation strategies
devised to ensure maximum reach and effective-
ness. PanCareSurFup WP6 will also develop per-
formance measures to facilitate subsequent audits
to evaluate whether the aims of the guidelines are
truly being achieved, although these audits will
not be performed during the duration of

PanCareSurFup itself.

3.8 PanCareSurFup LTFU
Guidelines:
The Methodology

The methodology for constructing the

PanCareSurFup LTFU guidelines will be devel-
oped by the CCCG in conjunction with
PanCareSurFup WP6. A Working Group of seven
individuals has been set up to represent and lead
WP6 in these and other tasks. An internet-based
protocol developed by CCCG will be used to
train all WP6 members in the standardized meth-
ods required to achieve internal consistency
across all guideline components. This will be fol-
lowed by a series of internet workshops to dis-
cuss the topics for LTFU recommendations to be
included in the guidelines, and for which evi-
dence summaries will be required. The final
choices of topics will be selected at a workshop
meeting attended by members of WP6 as well as
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by other invited experts from a representative
range of health-care disciplines (including pri-
mary care) and appropriate stakeholders (includ-
ing CCS themselves and their families). In
addition, the relevant questions to be asked in the
evidence summaries will be formulated in the
internet workshops and finalized in the workshop
meeting, alongside the selection of topics.

As a broad outline, it is expected that the top-
ics will cover models of provision of LTFU care
(including transition to age-appropriate care in
young adulthood and health promotion), major
organ and system LAEs and their related issues,
functional late effects, and SMNs. In addition,
special attention will be devoted to ensuring that
the needs of those groups of CCS at high-risk for
late adverse effects, especially survivors of CNS
tumours and of BMT, are adequately addressed
during the processes of both topic selection and
question formulation.

Once the topics and questions have been
agreed, a sub-group will be selected for each
topic, drawn from members of PanCareSurFup
WP6 and invited experts within the topic in ques-
tion. Each Topic sub-group will act as the focus
of subsequent work for that particular topic, liais-
ing with both the WP6 Working Group and the
collaborating partners, and being responsible for
the production of evidence summaries relevant to
the agreed questions, followed by the develop-
ment of draft recommendations.

The evidence summaries will be produced by
the Topic Sub-groups following the methodology
developed by CCCG and WP6, which will guide
how the published literature will be used to
answer specifically the questions. The exact
phrasing of the questions will influence the man-
ner in which the literature is searched and anal-
ysed, and will therefore be critical to the content
of the evidence summaries and hence the nature
of the recommendations. In this respect, it will be
vital to enunciate clear, focused, and not overly
complex questions relevant to practical issues
faced by clinicians undertaking LTFU. For exam-
ple, it is important to define risk groups precisely
to allow surveillance strategies to be targeted
appropriately. In the case of breast cancer sur-
veillance, rather than simply stating that CCS

who have previously received chest RT need
yearly screening, it is very important for both cli-
nicians and CCS to know whether this applies to
all CCS receiving any dose of RT in a field
including the breast, which could therefore,
include, for example, the lower doses of total
body irradiation (TBI) used as preparation for
BMT, or just to CCS treated with higher doses of
chest RT during, for example, the treatment of
Hodgkin disease. By phrasing the questions
appropriately, the literature was searched for
studies that provided information on the magni-
tude of risk of breast cancer in CCS treated with
different doses and fields, which therefore guided
recommendations about the value of surveillance
in these particular groups of CCS.

The initial draft practice recommendations
will then be written by the Topic sub-Groups in
collaboration with the Working Group, being
constructed around the agreed questions and
drawing on the conclusions of the evidence sum-
maries. The methodology protocol will be used
to guide the structure of the initial draft practice
recommendations. A draft proposal for the over-
all combined practice recommendations will be
then written by the Working Group and the chairs
of the Topic Sub-Groups, facilitated by work-
shops held by each Topic Sub-Group and then
completed at a final overarching workshop.

Liaison, collaboration, and multidisciplinary
teamwork both within WP6, and with the other
guideline bodies mentioned previously, will be
extremely important at this stage of work. WP6
will seek feedback on the overall combined draft
practice recommendations from multiple stake-
holders including other national and international
professional groups, selected expert individuals
and specialist bodies, survivor and family organi-
zations, and charities or other organizations
involved in the care of children and adolescents
undergoing LTFU after treatment of cancer.
Formal written feedback will be requested using
a structured feedback form.

By this stage, the outcomes of the epidemio-
logical research performed in PanCareSurFup
concerning cardiovascular disease, SMNs and
late mortality will be available and any results
with implications for the LTFU guidelines will be
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incorporated into the practice recommendations
alongside the feedback stage.

The final clinical practice guidelines will then
be written by the Working Group during a further
workshop in 2015, and will be based on the origi-
nal draft practice recommendations and subse-
quent feedback received as well as the further
research information described above.

Dissemination and implementation of the final
clinical practice guidelines will be undertaken
during 2015-2016 in collaboration with a wide
range of healthcare professionals, regional and
national organizations, professional bodies, sur-
vivors, families and other interested stakeholders
including those already involved in the feedback
process. This task will be performed in collabora-
tion with Work Package 7 (Dissemination and
Training) of PanCareSurFup. Subsequently, it
will be extremely important to develop a reliable
and effective mechanism to ensure regular review
of the guidelines, with appropriate updating as
required, although this will be outside the remit
of PanCareSurFup itself since it will conclude its
work in 2016.

3.9 Conclusion
Given the considerable differences between
European nations and sometimes even within
individual countries, the nature of LTFU after
childhood cancer in Europe will probably include
numerous and varied models of care. Therefore,
guidelines will need to be diverse enough to
accommodate many different needs while still
setting a standard of excellence that all nations
can aim for. Individual European countries are at
different starting points with respect to existing
facilities for LTFU, so the timescale for achiev-
ing these standards will not necessarily be the
same across the continent. With increased aware-
ness of and advocacy for equal access to treat-
ment and care, improvements in and equity of
access to LTFU will hopefully be facilitated
across all of Europe.

As new drugs with novel modes of action
become available for children with cancer, it will
be very important to initiate systematic and
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timely surveillance for potential late complica-
tions of these agents, allowing recognition, eval-
uation and appropriate management of chronic
toxicity as early as possible. Improving access to
new drugs for children with cancer and the sim-
plification of rules and regulations governing the
performance of clinical trials are of utmost
importance, as are defining strategies to facilitate
other key issues that determine the overall suc-
cess of treatment and care of childhood cancer
patients and ultimately of survivors. The need for
sustainable platforms for clinical trials and
research in pediatric oncology in Europe cannot
be emphasized enough.

Finally, the increased success rates for the
treatment of cancer in children and the resulting
awareness of late complications of the disease
and its treatment makes international collabora-
tion essential to capture these often rare events. It
is extremely timely that such collaboration has
now commenced within the International Late
Effects of Childhood Cancer Harmonization
Guideline Group mentioned above.
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Abbreviations

ACS American College of Surgeons

ALL Acute lymphocytic leukemia

AML Acute myelocytic leukemia

BCNU 1,3 Bis (chloroethyl-1 nitrosourea)

BUN Blood urea nitrogen

CBC Complete blood count

CCNU Chloroethyl cyclohexyl nitrosourea

CRT Creatinine

CXRT Cranial radiation therapy

DOB Date of birth

Dtap Diphtheria, tetanus, pertussis vaccine

DXA Dual X-ray absorptiometry scan

ECHO Echocardiogram

EKG Electrocardiogram

EWS Ewing’s sarcoma

FSH Follicle stimulating hormone

HBV Hepatitis B vaccine

HD CTX High dose Cytoxan (cyclopho-
sphamide)

HD MTX  High dose methotrexate

Hib Hemophilus influenza type b

IGF-1 Insulin growth factor-1
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IGFBP-3  Insulin growth factor binding protein-3
IT Intrathecal

LFT Liver function test

LH Luteinizing hormone

LTFU Long Term Follow-up

MMR Measles Mumps Rubella
PCV Pneumococcal conjugate
PFT Pulmonary function test
PPV23 Polyvalent pneumococcal vaccine
S/Sx Signs or symptoms

STS Soft tissue sarcoma

Tdap Tetanus, diphtheria, pertussis
TSH Thyroid stimulating hormone
UA Urinalysis

XRT Radiation therapy

4.1 Introduction

In today’s world where clinicians are busy and
practices are time-constrained, it has become
challenging to provide comprehensive care to
cancer survivors. This chapter provides a com-
pendium of practice-management templates that
will serve as a guide for busy medical providers.
These guidelines, simplified and derived from the
Children’s Oncology Group (COG) Long Term
Survivor Guidelines [1] (available in their entirety
at http://www.survivorshipguidelines.org) are
presented in table form. This format directs the
clinician’s attention to the essential elements of a
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patient’s oncologic history. For example, the fre-
quency of surveillance EKG/ECHO is based on
total anthracycline dose received. These tem-
plates are scalable for each individual patient.
They are also reproducible so that a copy of the
table can be placed in patient charts to mark off
future dates for surveillance tests or procedures.
Undoubtedly, some patients may need more fre-
quent monitoring while others may need less,
depending on their risk factors. The hope is that
these templates will have practical utility for the
busy clinicians providing continuity of care to
cancer patients post-treatment.

Some of the diseases, such as sarcomas
(osteosarcoma, Ewing’s sarcoma, rhabdomyo-
sarcoma) have been grouped together to sim-
plify follow-up. Since some of the patients are
diagnosed during late adolescence (e.g. sarco-
mas, late recurrences or relapse), the guidelines
can be adapted to accommodate early follow-up
since these patients may have to be transitioned
to adult healthcare soon after treatment ends. In
these cases, disease evaluation needs to be
incorporated into each patient’s template for
follow-up, per study protocol or institutional
guidelines.

The post-hematopoietic cell transplant (HCT)
immunization guidelines are based on recent
consensus guidelines from the European Blood
and Marrow Transplantation group (EBMT),
American Society of Blood and Marrow
Transplantation (ASBMT) consortium and other
groups [2-5]. Timing to start immunizations var-
ies between transplant centers, ranging from 6 to
12 months post-transplant. The immunization
table has been designed following the 6-month
schedule, which is currently utilized at CHOC
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Children’s Hospital. The suggested 12-month
immunization schedule as outlined in the HCT
chapter is utilized in other centers in North
America and Canada. The decision to immunize
at 6 versus 12 months is often made by the trans-
plant center, either one is acceptable based on
current literature and practice.

It is always advantageous if the cancer survi-
vor is equipped with knowledge and understand-
ing of his cancer diagnosis and treatment. The
treating institution should make it a point to pro-
vide a treatment summary and to educate the sur-
vivor of the need for surveillance. This will
facilitate communication with the healthcare pro-
vider. However, as is most often the case, the sur-
vivor can only provide his or her cancer diagnosis
and leave the clinician with many unanswered
questions.

To help circumvent the lack of a treatment
summary, this chapter also provides an overview
of possible late effects associated with chemo-
therapy agents given to patients with leukemia
and common solid tumors (Table 4.1). Included
are cumulative dose ranges of chemotherapy
known to cause potential late effects (Table 4.2).
The clinician will then be able to cross-reference
this information with current care guidelines.
This additional information, in conjunction with
the disease-specific Long Term Follow-up road-
maps (Tables 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, and
4.10) will help integrate care for the survivor
from initial visit to future follow-up care. Since
medical decision-making ultimately lies on the
healthcare provider, these recommendations
should only be used as guidelines.

Details of late effects will be discussed in indi-
vidual chapters addressing each organ system.

Table 4.1 Common late effects associated with specific cumulative doses of chemotherapy

Chemotherapy Dose Late effect Baseline screening
Anthracycline >300 mg/m? or Cardiomyopathy valvular, EKG, ECHO
(Doxorubicin >200 mg/m? + pericardial damage, coronary

Daunorubicin Chest XRT >30 Gy ~ artery disease

Epirubicin HD CTX (120-

Mitoxantrone 200 mg/kg)

Idarubicin) Acute myeloid leukemia CBC

(continued)
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Table 4.1 (continued)

Chemotherapy Dose

Cyclophosphamide >7.5 gm/m?

(Cytoxan)

Ifosfamide >60 gm/m?

Etoposide >3.5 gm/m?

HD MTX" with IT chemo >1 gm/m?

Bleomycin >400 U

Cisplatin >360 mg/m? or
<360 mg/m* +CXRT

“Leukemia, bladder CA
"HD MTX high dose methotrexate

Late effect
Gonadal failure

Cardiomyopathy

Second cancers®
Nephropathy/bladder irritation
Nephropathy

Second cancers®

Gonadal failure

Leukemia
Neurocognitive
Deficits,
Leukoencephalopathy
Hepatic fibrosis (MTX)
Pulmonary toxicity
Ototoxicity

Glomerular, tubular Dysfunction,
Low Mg

Dyslipidemia

a4

Baseline screening

FSH, LH, estradiol/
testosterone

EKG, ECHO

CBC, UA

Serum electrolytes, UA
Serum electrolytes, UA
CBC, UA

FSH, LH, estradiol/
testosterone

CBC
Neurocognitive testing

LFTs, bilirubin
PFT, CXR
Audiogram

UA, electrolytes

Fasting Lipid panel

Table 4.2 Cumulative dose ranges of common chemotherapy agents based on current COG protocols for each

diagnosis

Chemotherapy ALL AML STS EWS Osteosarcoma
Anthracycline 75-300 mg/m?> 450 mg/m? 375-450 mg/m? 375 mg/m? 375-450 mg/m?
Doxorubicin

Daunorubicin

Idarubicin

Mitoxantrone

Cyclophosphamide 1-4 gm/m? 4.8-16.8 gm/m? 8.4 gm/m?

Ifosfamide 9 gm/m?*? 63 gm/m? 48-51 gm/m?
Etoposide 1 gm/m?? 1.5 gm/m? 0-2.5 gm/m? 3.5 gm/m? 1.5 gm/m?

*COG Very High Risk Protocol only [6]. Treatment protocols continue to evolve, hence, the above table serves only as

a guideline

Table 4.3 TIsotoxic dose conversion of anthracyclines based on current

Children’s Oncology Guidelines

Anthracycline Conversion
Doxorubicin Multiply by 1
Daunorubicin Multiply by 0.833
Epirubicin Multiply by 0.67
Mitoxantrone Multiply by 4
Idarubicin Multiply by 5

This table is a guide to determine the total anthracycline dose received
based on equivalent dosing with doxorubicin. For example, if a survivor
received 48 mg/m? of Mitoxantrone, multiply this by 4, to give a total
anthracycline dose of 192 mg/m?
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Blood and Marrow Transplant Program
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18 months

RECOMMENDED REIMMUNIZATION FOR HCT RECIPIENTS

*Influenza virus (Seasonal)

19 months 26 months

If Hep B <10 IU/mL, repeat all 3 series at 20, 21, and
22 months and redo titers at 23 months. If still no
response, do not reimmunize.

Titer monitoring
Hib
Tetanus
Hep B
Pneumococcal

If Tetanus <0.1 mg/mL, Hib <I mcg/mL, Pneumococcal
<1 meg/mL, redo appropriate booster at 20 months, do
not re-check titers afterwards.

Meningococcal

(= 11 years old)

papillomavirus

(= 11 years old)

Human Human
papillomavirus papillomavirus
(HPV) (HPV)

(= 11 years old) (= 11 years old)

Hepatitis A

Varicella zoster Varicella zoster
virus virus
(VZV)* VZV)*

2 Repeat after 5 years.

immunization with inactivated vaccines (e.g. tetanus, diphtheria, HBV).

*Influenza vaccination should be given 6 months post HCT; 2 doses 4 weeks apart if <9 years old, 1 dose if 9 years old. If given <6 months post HCT, consider 2 doses 4 week apart regardless of age.
1 Should be administered to HCT recipients >2 years old. Give PCV13 instead of PPV23, if CGVHD present.

3 Recipient must be 1) immunocompetent, 2) has not been receiving immunosuppressive drugs for at least 3 months and 3) are free of GVHD,
4 Recipient must be 1) VZV-scronegative, 2) immunocompetent, 3) has not been receiving immunosuppressive drugs for at least 3 months, 4) are free from GVHD, and 5) have shown immunologic response to prior

T The purpose of these guidelines are o outline the general principles of hematopoietic cell transplantation (HCT) and the care of HCT recipients. These guidelines should not be used to replace the medical judgment or

advice of an experienced physician.

P302ZBv01 (07/12)
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Wei-Ping Violet Shen

5.1 Introduction
Acute lymphoblastic leukemia (ALL) and brain
tumors are the two most common cancers occur-
ring during childhood, accounting for more than
half of all childhood malignancies. Advances in
treatment over the last four decades have
improved the 5-year survival rate to 73 % for
children with central nervous system (CNS)
malignancies and over 85 % for ALL [1, 2].
However, survivors of childhood leukemia and
brain tumors are at a high risk of developing
adverse effects from direct CNS insult by the
tumor, surgery, radiation and chemotherapy.
Adverse effects can be long lasting and debilitat-
ing, affecting neurological, neurocognitive, neu-
ropsychological and endocrine functions,
resulting in intellectual decline, learning disabil-
ity, altered body images and poor social out-
comes. Second malignancies in the central
nervous system were also observed in survivors
of ALL and brain tumors, which can be devastat-
ing and life threatening [3].

This chapter reviews CNS late effects in
patients diagnosed with brain tumor or ALL dur-
ing childhood. The effects of brain damage seen

W.-P. Violet Shen, M.D. (P<)

Division of Oncology, CHOC Children’s Hospital,
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in childhood cancer survivors can be highly
variable depending on the tumor location, types
and degree of the insult and age of the patient
when the insult occurred. It is also important to
recognize that treatment of cancer evolves over
time, which can influence the type and severity of
the late effect. Surveillance of potential late
effects in survivors may assist in early recogni-
tion and management of complications and
improve the quality of life of survivors.

5.2  Risk Factors Affecting CNS
Late Effects
5.2.1 Genetics

Patients with certain genetic syndromes are at
increased risk of developing CNS tumors.
Identification of genetic disorders among CNS
tumor survivors will assist in disease specific
monitoring and management.

Neurofibromatosis Type 1 (NF1) is the most
common genetic syndrome predisposing to CNS
tumors, with an estimated incidence of 1 in 3,000.
Mutation in a tumor suppressor gene encoding
neurofibromin is found in patients with NF1.
Loss of neurofibromin leads to an increased risk
of developing benign and malignant tumors in
affected individuals [4]. Patients with
neurofibromatosis are also at higher risk of devel-
oping moyamoya syndrome and secondary CNS
malignancy following cranial radiation [5].
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Gorlin syndrome (GS), caused by mutations in
the PTCHI tumor suppressor gene, affects many
areas of the body and increases the risk of devel-
oping various tumors including basal cell carci-
noma and medulloblastoma. The incidence of GS
in medulloblastoma is probably between 1 % and
2 %. GS patients are at high risk of developing
multiple invasive basal cell carcinomas particu-
larly in the radiation field [6-9].

Li-Fraumeni syndrome (LFS) is linked to
germ-line mutation of p53 tumor suppressor
gene. Persons with LFS are at risk for a wide
range of malignancies, with particularly high
occurrences of breast cancer, brain tumors, acute
leukemia, soft tissue sarcomas, bone sarcomas,
and adrenal cortical carcinoma [10].

Von-Hippel Lindau syndrome (VHL) is an
autosomal dominant disorder with an incidence
of 1:40,000. The VHL gene maps to chromo-
some 3p25-26 and is a putative tumor suppressor.
Patients with VHL are at risk of developing
hemangioblastoma in the CNS and retina, renal
cell carcinoma, pheochromocytoma and pancre-
atic neuroendocrine tumors [11].

5.2.2 Age

Of course, human brain development is not com-
plete at birth. The cortical and subcortical white
matter undergoes conspicuous growth during the
first 2 years of life, but may not be fully mature
before adolescence or even adulthood. Younger
children, particularly those under three years of
age at the time of cranial radiation are at very
high risk of developing neurocognitive and other
late effects due to immature white matter devel-
opment [12]. These patients almost universally
require special education services and are
unlikely to live independently as adults [13].

5.2.3 Gender

Female survivors of brain tumor and ALL are at
greater risk for neurocognitive and academic
decline [14, 15]. Female ALL survivors who
were treated with cranial radiation also had a sig-
nificantly greater increase in Body Mass Index
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(BMI), earlier onset of puberty and reduced final
height than their non-irradiated counterpart [16].

5.2.4 Social

Children raised in families with lower socioeco-
nomic status may have less resources and support
to intervene with neuropsychological late effects.
Lack of insurance coverage can also impede
screening and intervention of late effects [17].

5.2.5 Pre-existing Condition
Children with pre-existing learning or attention

problems are at higher risk to have further decline
of neurocognitive function [14].

5.3  Central Nervous System
Insults
5.3.1 Tumors and Surgery

Brain tumors can infiltrate and disrupt the neu-
rons and axonal pathways in the involved area
and cause diminished function. Spinal cord
tumors may cause weakness or paralysis of lower
extremities, neurogenic bladder and/or bowel
from cord compression. Leukemia can invade
cerebral parenchyma or directly infiltrate the lep-
tomeninges and subarachnoid space, sometimes
even forming mass lesions (chloroma), which
can cause seizures, altered mental status, head-
aches and cranial nerve deficits [18].
Peri-operative complications such as increased
intracranial pressure, brain swelling, hydrocepha-
lus, aseptic or bacterial meningitis, seizure and
pseudomeningocele may result in lower visuospa-
tial skill, memory, attention and performance 1Q
[19]. Cerebellar mutism syndrome (a.k.a. poste-
rior fossa syndrome) (CMS) is a well-recognized
complication of surgical removal of large midline
posterior fossa tumors, manifested with dimin-
ished speech, emotional instability, hypotonia and
ataxia. This develops in approximately a quarter
of children with medulloblastoma post-opera-
tively. Although most patients improve over time,
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over half of patients suffer permanent neurologic
dysfunction including cranial nerve deficits,
hypotonia and ataxia [20]. Patients who develop
CMS post-surgery were found to have signifi-
cantly lower performance in processing speed,
attention, working memory, executive processes,
cognitive efficiency, reading, spelling and mathe-
matics at 12 months post-diagnosis [21].

5.3.2 Radiation

Radiation therapy given after surgery can impose
additional insult to the brain. The degree of insult
is dependent on the age of the patient, the dose,
field and location of radiation.

Neuropathological changes from cranial radia-
tion include cerebral calcification, demyelination
(leukoencephalopathy), mineralizing microangiopa-
thy, white matter volume loss, vasculopathy and
cerebral lacunes [22]. White matter volume is known
to be associated with neurocognitive test perfor-
mance, which shows deficiencies after cranial irra-
diation. A longitudinal study of survivors of
medulloblastoma with serial MRIs revealed a sig-
nificant loss of white matter volume in patients
undergoing craniospinal irradiation (CSI). The white
matter loss was more rapid among patients who
received a CSI dose of 36 Gy versus CSI of 23.4 Gy
[23]. Younger age at the time of irradiation and the
need for a ventricular shunt was significantly associ-
ated with reduced white matter volume [24].

Cranial irradiation has also been linked to the
development of cerebral vasculopathy years after
treatment. Treatment related mineralizing microan-
giopathy has been related to the development of
seizures [25]. Other cerebrovascular complications
include strokes and moyamoya [5], which can
cause hemiparesis, weakness, aphasia and result in
poor physical health and activity limitations.

5.3.3 Neuroanatomical Regional
Effects from Radiation

Radiation involving the hypothalamic-pituitary
axis can result in neuroendocrine abnormalities.
Growth hormone production is most prone to be
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disrupted by radiation therapy following doses as
low as 12 Gy. Other hormones like thyroid stimu-
lating hormone (TSH), adrenocorticotropic hor-
mone (ACTH), follicle stimulating hormone
(FSH), and luteinizing hormone (LLH), appear to
have a higher threshold above 40 Gy [26].

Radiation to temporal regions were associated
with a higher risk for memory impairment and
more social and general health problems, while
radiation exposure to frontal regions were associ-
ated with general health problems and physical
performance limitations [27]. Radiation to the
spine and spinal cord can decrease growth of the
vertebral body in young children and result in
decreased sitting height. The incidence of spinal
cord injury was reported at 1 % incidence at
42 Gy and 5 % at 45 Gy [28]. Chronic progressive
radiation myelopathy can occur following spinal
radiation [29]. Radiation damage to the eyes can
lead to cataract, optic nerve damage, abnormal
pupillary response, visual deficits, blindness
(threshold 50 Gy), retinopathy-macular edema
and neovascularization (threshold 50-60 Gy).
Hearing loss can result in radiation doses greater
than 40-50 Gy to the cochlea.

The newer radiation technologies such as con-
formal radiation, Intensity-Modulated Radiation
Therapy (IMRT) and gamma knife using three-
dimensional planning, provide focused radiation
and spare surrounding normal tissue from the
toxic effects of radiation. Proton beam radiother-
apy has a rapid fall-off of dose immediately distal
to the target and a smaller proximal dose com-
pared to photon therapy. This allows for potential
sparing of critical structures and may decrease
radiation late effects.

5.3.4 Chemotherapy

Many survivors of childhood ALL were treated
with chemotherapy only. Buizer et al. performed
a review of 21 studies published since 1997 and
found evidence of subtle long-term neurocogni-
tive deficits in survivors of childhood ALL after
treatment with chemotherapy only. These deficits
involve mainly processes of attention and of
executive functioning, while global intellectual
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function is relatively preserved. Young age at
diagnosis and female sex emerged as risk factors
[30]. The neurocognitive effect in children with
ALL treated with intrathecal chemotherapy is
more subtle than the effect of cranial radiation
therapy [31, 32]. Methotrexate (MTX), a folate
antagonist, is one of the most widely used che-
motherapy agents in the treatment of ALL. It is
given via different routes including oral, intra-
muscular, intravenous and intrathecal.
Methotrexate inhibits dihydrofolate reductase,
resulting in increase in homocysteine which is
neurotoxic. Methotrexate also inhibits synthesis
of methionine, an important metabolite necessary
for CNS myelination [33, 34]. Intrathecal metho-
trexate can cause transient T2 hyperintensities in
the white matter, which could result in cerebral
edema, stroke-like symptoms and/or seizure.
Diffusion Tensor Imaging (DTI) may be more
sensitive in detecting white matter damage from
leukemia treatment that regular MRI. Compared
to normal subjects, children with ALL showed
the most significant decreases in fractional
anisotropy (FA), a marker of white matter integ-
rity in association fibers involved in higher order
executive functioning and memory, ventral com-
missural fibers, and long tracts [35].

Most commonly reported neurocognitive late
effects of chemotherapy in childhood ALL sur-
vivors are deficits in attention, executive func-
tion, visual processing and visual-motor
functioning, and albeit subtle, could still affect
the ability to reach their academic potential [36].
High dose intravenous Cytarabine (>1,000 mg/
m?) or high dose Methotrexate (>1,000 mg/m?)
given in a subset of patients with high risk or
recurrent leukemia, can cause clinical leukoen-
cephalopathy, producing symptoms like spastic-
ity, ataxia, dysarthria, dysphagia, hemiparesis
and seizures. Both the intensity and extent of
leukoencephalopathy can be significantly
reduced after completion of therapy [37].
However, children younger than 5 years of age at
the time of diagnosis are at risk of developing
neuropsychological deficiencies associated
with white matter changes [38]. The neurocogni-
tive effects between high dose methotrexate
(>5 gm/m?) and intermediate dose methotrexate
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(100-300 mg/m?) were studied recently by the
Children’s Oncology Group (COG). A subgroup
of patients in this study will have Diffusion
Tensor Imaging (DTI), a type of MRI method
that maps molecular diffusion in tissues, which
can reveal white matter fiber structure abnormal-
ities [34]. Clearly this research will add to our
understanding of the integrity of neuronal con-
nectivity and neurocognitive outcome.

Some chemotherapeutic agents can cause long
term, debilitating neurosensory deficits. For
example, cisplatin can cause severe ototoxicity,
especially when coupled with radiation therapy
[39]. Plant alkaloids including vincristine and
vinblastine can cause peripheral sensory or motor
neuropathy manifested as areflexia, weakness,
foot drop and paresthesias.

5.3.5 Treatment Evolution and Its
Effect on the Spectrum of Late
Effects

Many recent publications related to the long term
effects of the CNS are from the Childhood Cancer
Survivor Study (CCSS). The CCSS systemati-
cally studied a retrospective cohort of 20,720 sur-
vivors of childhood cancer diagnosed between
1970 and 1986. Patients were eligible if they
were younger than 21 years at diagnosis and had
survived at least 5 years from diagnosis, indepen-
dent of disease status. The study recruited the
nearest-age siblings of a random sample of par-
ticipant patients to serve as a comparison group.
There were 1,877 out of 2,888 survivors of CNS
malignancies who consented and participated in
the study. This time period (1970-1986) repre-
sents an era where surgery alone (26 %) or sur-
gery followed by radiation therapy (41.6 %) were
the mainstay of treatment for brain tumors. Only
27 % of patients received chemotherapy [3].
Among 4,151 childhood ALL survivors from
the CCSS study, 64.5 % were treated with cranial
radiation (median 23.8 Gy, range 1.5-74.4 Gy).
Nearly all patients received intrathecal therapy,
12 % were treated with high-dose methotrexate
(>5 gm/m?) and 5 % underwent bone marrow
transplant (BMT) [40]. Randomized clinical
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trials conducted in the 1980s demonstrated that
cranial radiation can be reduced or replaced
safely with intrathecal chemotherapy in majority
of children with ALL [41]. Currently, cranial
radiation has been eliminated for most patients
with ALL.

Similarly, with the addition of effective adju-
vant chemotherapy, the dose of craniospinal radi-
ation given to children with standard risk
medulloblastoma has been reduced from 36 to
23.4 Gy without compromising overall survival
[42]. The current COG study investigates the
safety and feasibility of further reducing the dose
of craniospinal radiation from 23.4 to 18 Gy in
children 3 to 7 years of age. However, wider use
of cisplatin in patients with medulloblastoma is
likely to increase the rate of hearing impairment
of patients treated after 1986 [43].

In the last two decades, infants with high risk
medulloblastoma or primitive neuroectodermal
tumor (PNET) were commonly treated with high
dose chemotherapy with stem cell support in an
attempt to avoid or minimize craniospinal radia-
tion therapy. A few studies looked at the neuro-
psychological development of survivors showing
encouraging quality of life and behavior at fol-
low up [44, 45]. The long term outcome of these
survivors is still not known.

Three-dimensional conformal radiation ther-
apy which allows for lower doses to be delivered
to critical structures around the tumors became
widely available in the late 1990s. The switch will
change the spectrum of radiation side effects asso-
ciated with non-conformal radiation therapy [46].

Treatment and Potential CNS
Late Effects of Common
Childhood Brain Tumors

and Acute Leukemia
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Table 5.1 summarizes the treatment modalities
and potential late effects of common pediatric
brain tumors and ALL. Understanding the type
of insult patients have experienced can be a
helpful guide for the proper surveillance and
management of late effects. The treatment of
individual patients may vary based on age,
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tumor staging, pathological grade, time period
during the treatment, local treatment standard
and tumor recurrence. A treatment summary
including surgical history, type and doses of
chemotherapy and radiation therapy should be
obtained in order to establish a plan for surveil-
lance of late effects.

CNS-directed therapy may alter cognitive,
emotional and physical performance [49].
Chronic fatigue and pain are common complaints
among survivors [50, 51]. A summary of these
effects are presented in Table 5.2, and are dis-
cussed below.

In the CCSS study, 82 % of the 1,877 adult sur-
vivors of childhood CNS malignancies reported at
least one chronic medical condition, with 38 %
reporting a serious life-threatening condition.
Endocrine complications and neurologic compli-
cations are most commonly reported [52]. Among
all childhood cancer survivors, survivors of CNS
malignancies have the highest risk for grade 3 or
4 chronic health conditions using the National
Cancer Institute Common Terminology Criteria
for Adverse Events (CTCAE) [53]. They also
reported significantly higher rates of global dis-
tress, depression, and somatic distress than their
siblings [3].

Among ALL survivors studied by the CCSS,
one or more chronic medical conditions were
reported by 50 % of survivors, compared with
37.8 % of siblings. Severe chronic health condi-
tions were more commonly reported in survivors
who received radiation therapy or experienced
relapses [54].

5.4.1 Endocrinological Late Effects

Brain tumor survivors with tumor in the
hypothalamic-pituitary axis (H-P axis) and
those who received more than 24 Gy cranial
radiation are at high risk for neuroendocrine
dysfunction. The endocrinological late effects
include growth failure, gonadal dysfunction,
central hypothyroidism, central adrenal insuffi-
ciency, obesity and diabetes insipidus. Cranial
radiation doses as low as 18 Gy can affect the
growth hormone axis [55]. Panhypopituitarism,
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Table 5.1 Treatment and potential CNS late effects of common childhood brain tumors and acute leukemia

Disease Treatment

Craniopharyngioma Surgical resection/biopsy, cyst
fenestration, radiation therapy

Optic Pathway Glioma Chemotherapy (Carboplatin,
Vincristine, CCNU, 6-thioguanine,
procarbazine) for younger patients,
local radiation (XRT) for older
patients or recurrent tumors,
surgical resection in selected patients

Medulloblastoma Surgical resection, Craniospinal
XRT with boost to the posterior
fossa, Chemotherapy (Cisplatin,
CCNU, Cyclophosphamide,
Vincristine, carboplatin)

Supratentorial PNET Surgical resection/biopsy,
craniospinal XRT with boost to the
tumor bed, chemotherapy (Cisplatin,
Cyclophosphamide, vincristine,
Carboplatin)

Ependymoma Surgical Resection, radiation to the
tumor bed for non-metastatic
disease, additional multiagent
chemotherapy to patients with
incompletely resected tumors

Low grade astrocytoma or other glial Surgical resection. Radiation to the

tumor residual or recurrent tumor,
chemotherapy for younger patients

High grade astrocytoma or other Surgical resection. Radiation to the

glial tumor tumor bed, chemotherapy
(Temozolomide, CCNU,
Bevacizumab, irinotecan)

Choroid Plexus Tumors (CPT) Surgical resection, Etoposide,
carboplatin and other chemo for high
grade CPT

CNS Germ Cell Tumors (GCT), Third ventriculostomy, biopsy/

(supraseller or pineal) resection Radiation to the ventricular
system or neuraxis+ platinum based
chemotherapy

Infant embryonic tumors May receive less or no radiation

therapy but more aggressive
chemotherapy with autologous stem
cell support

Acute Lymphoblastic Leukemia Intrathecal chemo for all patients,
cranial XRT for selected patients
(CNS leukemia or very high risk
ALL or patients treated before
1990), multiagent chemotherapy
including methotrexate, vincristine,
steroid, anthracycline,
mercaptopurine, asparaginase

Potential CNS late effects
Panhypopituitarism, obesity,
hypogonadism, lower physical health
and psychosocial difficulties

Visual impairment, growth hormone
deficiency, hypothyroidism,
endocrinopathies, neuropathy,
neurocognitive deficit

Ataxia, cranial nerve palsy, diplopia,
poor balance, hearing loss, growth
failure, impaired spinal growth,
neurocognitive deficit, shunt failure,
second malignancy [47]

Seizure, motor deficit, poor hand-eye
coordination, lower IQ, neurocognitive
deficit, poor memory, attention deficit,
emotional difficulties, growth failure,
endocrinopathies, hearing loss
Cranial nerve deficits, abnormal gait,
fine motor function deficit, memory
loss, dysphagia, truncal ataxia,
neurocognitive deficit

Blindness, hearing loss, obesity,
endocrinopathies (diencephalic
location), lower 1Q [48]
Neurocognitive deficit, seizure,
headache, regional based late effects

Hydrocephalus/shunt dysfunction,
motor dysfunction, psychomotor
retardation

Neurocognitive deficit, diabetes
insipidus, hypopituitarism (supraseller
GCT), neurocognitive dysfunction

Lower visual-motor integration. Lower
1Q, hearing loss, seizure, second
malignancies

Headache, auditory-vestibular-visual
sensory deficit, coordination and motor
sensory disorders, seizures, brain tumor
and other second neoplasms,
neurocognitive deficit
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Table 5.2 Clinical presentations of CNS late effects

Type of late effects Clinical presentation

General Low physical performance

Lower educational achievement

Not living independently

Neurological Leukoencephalopathy

Coordination and motor control

disorders

Seizure disorder
Stroke

Visual impairment
Hearing impairment
Tinnitus

Poor attention
Slow processing speed

Neurocognitive

Lower visual-perceptual skills

Lower executive function
Poor memory

Lower 1Q and academic achievement

Endocrinological Growth failure

Gonadal dysfunction
Central hypothyroidism
Central adrenal insufficiency
Diabetes insipidus

Obesity

Early menarche
Late menarche

Gliomas
Meningiomas

Second malignancies
Psychological Depression

Anxiety

Somatic distress
Daytime sleepiness
Social withdrawal
Poor self-concept
Educational difficulties
Lack of friends
Unemployment

Not married

Social outcomes

a condition in which there is inadequate or
absent production of the anterior pituitary hor-
mones, usually develops in patients who have
received greater than 40 Gy of cranial radiation
[56]. Gonadal dysfunction includes precocious
puberty, delayed puberty and/or infertility. The
CCSS reported decreased fertility among female
childhood cancer survivors who received
22-27 Gy H-P axis irradiation [57].
Hyperprolactinemia can also occur in patients
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Risk factors
Cranial radiation, neurological deficits

Radiation, high dose methotrexate
Radiation >50 Gy to the frontal brain

Radiation >30 Gy to cerebral cortex regions
Cranial radiation >30 Gy
Optic pathway tumors

Radiation >50 Gy to the posterior fossa,
platinum chemotherapy

Young age at diagnosis

Cortical tumors

>35 Gy radiation to frontal lobe

>24 Gy cranial radiation
Hydrocephalus, VP shunt placement
Neurosensory deficits

>18 Gy radiation to H-P axis, age <4 years
at diagnosis

Cranial radiation >40 Gy

Female sex, young age at diagnosis, >20 Gy
radiation to H-P axis

<4 years old at diagnosis
>50 Gy radiation to H-P axis

<5 years old received CNS radiation,
>50 Gy CNS radiation, NF1

Major medical conditions
Female sex

Lower socioeconomic status
Lower education achievement

Cranial radiation therapy
Young age at the diagnosis
Female sex

who received radiation to the hypothalamic/
pituitary area, producing symptoms of decreased
libido, galactorrhea, and amenorrhea [58].

The CCSS cohort (n=1,607) showed that
childhood brain tumor survivors had a signifi-
cantly increased risk of late-onset hypothyroid-
ism with relative risk ratio (RR) of 14.3, growth
hormone deficiency (RR=277.8), the need for
medications to induce puberty (RR=277.8) and
osteoporosis (RR=24.7) [56]. Female survivors
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were more likely to have onset of menarche
before age ten compared to their siblings (11.9 %
vs. 1.0 %). Age <4 years at diagnosis was associ-
ated with an increased risk of early menarche.
Additionally, survivors of CNS tumors were
more likely than siblings to have onset of men-
arche after age 16 (10.6 % vs. 1.9 %). Doses of
RT to the H-P axis >50 Gy and spinal RT con-
ferred an increased risk of late menarche, as did
older age (>10 years) at the time of diagnosis
[59]. As a result, H-P axis radiation and chemo-
therapy with alkylating agents reduce the likeli-
hood of pregnancy among female survivors [60].

The strongest risk factors for adult short stat-
ure were 4 years of age or younger at diagnosis
and radiation treatment involving the H-P axis
[61]. The risk of metabolic syndrome and/or
overweight/obesity increases for those less than 4
years old at time of treatment, female sex, hypo-
thalamic radiation dose >20 Gy and inability to
exercise due to physical limitations.

5.4.2 Neurological Late Effects

Leukoencephalopathy (LE) can develop after
exposures to mid-to-high dose methotrexate.
This is best detected on the T-2 weighted and
FLAIR images of MRIs with the prevalence
ranging from 21 % to 76 %. Increasing exposure,
which corresponded to more courses and higher
doses of IV MTX, was a risk factor for LE. Some
of the LE changes were transient, as evidenced
by a significant reduction in the prevalence of LE
approximately 1.5 years after the completion of
IV MTX therapy [62, 63].

Coordination and motor control disorders
were reported in 49 % and 26 % of survivors,
respectively. Children receiving at least 50 Gy to
the frontal brain region had a modestly elevated
risk for motor problems [64].

Seizure disorders were reported in 25 % of
survivors of brain tumor, including 6.5 % who
had a late first occurrence. Radiation dose of
30 Gy or more to any cortical segment of the
brain, with the exception of the posterior fossa,
was associated with a two-fold elevated risk for a
late seizure disorder [52, 64]. Among acute leu-

W.-P. Violet Shen

kemia survivors in the CCSS cohort, 7 % had sei-
zures, the majority of which was late onset [54].

Stroke has been observed in survivors of child-
hood leukemia and brain tumors from the CCSS
cohort, particularly those with brain tumors
treated with greater than 30 Gy of cranial radia-
tion are at an increased risk of stroke [65]. The
relative risk of stroke for survivors was 6.4 for
leukemia and 29 for brain tumor survivors com-
pared with the sibling comparison group. In leu-
kemia survivors, the risk of late-occurring stroke
compared to siblings was increased for survivors
treated with cranial radiation (RR, 5.9) and with-
out cranial radiation (RR, 4.0). The cumulative
incidence of stroke was 0.73 % at 25 years after
treatment for leukemia survivors and 5.58 % for
brain tumor survivors [65]. Severe recurrent
headache may be a predictor for subsequent
stroke or TIA [66].

Moyamoya syndrome is a potentially serious
complication of cranial irradiation in children,
particularly for those patients with tumors in close
proximity to the circle of Willis, such as optic
pathway glioma. It is a progressive vascular
occlusive disease with particular involvement of
the circle of Willis, manifesting as stroke, or
recurrent transient ischemic attacks (TTA).
Patients with NF1 also have increased risk of
developing moyamoya syndrome (HR=3.01) [5].

Neurosensory deficit has been noted in 17 %
of CCSS patients. Eye problems, including ocu-
lar nerve palsy, double vision, gaze paresis, nys-
tagmus, papilledema, optic atrophy, visual loss
and cataracts are common in childhood brain
tumor survivors. The CCSS study showed brain
tumor survivors were at substantial elevated risk
for late-onset legal blindness in one or both eyes
(RR, 14.8). Hearing impairment was reported by
12 % of patients. Radiation exposure of greater
than 50 Gy to the posterior fossa was associated
with a higher likelihood of developing any hear-
ing impairment [64]. Tinnitus was common both
early and late in the illness. It is likely that wider
use of cisplatin and high dose carboplatin after
1986 will increase the rate of hearing impairment
[67]. Auditory-vestibular-visual sensory deficits
were reported in 15.1 % of ALL survivors in the
CCSS  study. Serious headache were most
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common in ALL survivors with a cumulative
incidence of 25.8 % at 20 years [54].

Chronic progressive radiation myelopathy can
occur months to years following spinal radiation
manifested with bilateral leg paresthesias, weak-
ness, and painful, electric-like shock sensation
elicited on neck flexion (Lhermitte’s sign) [68].

5.4.3 Neurocognitive Late Effects

It is well known that survivors of childhood ALL
and CNS malignancies are at greatest risk for
neurocognitive impairment, particularly if they
have received cranial radiation. While this manu-
script will address this particular issue in separate
chapters, a brief review for the reader is hereby
offered. The neurocognitive sequelae are most
apparent in attention, processing speed, visual
perceptual skills, executive function (planning
and organization) and memory. Deficits in these
areas result in declines in IQ, reading compre-
hension, spelling, mathematics, skill acquisition
and academic achievement.

Cognitive growth is also reduced in survivors,
so the cognitive gap between the survivors and
the general population increases with time [69].
Decreased white matter volume (WMV) was
shown in the survivors of childhood ALL and
malignant brain tumors which were associated
directly with lower scores in intelligence, atten-
tion, and academic performance. Increased CNS
treatment intensity, younger age at treatment and
greater time since treatment were significantly
associated with lower WMV [70]. Reported neu-
rocognitive impairment adversely affected
important adulthood outcomes, including educa-
tion, independent living, employment, income
and marital status [71].

Factors within the population of pediatric
CNS malignancy survivors that impacted neuro-
cognitive outcome include tumor type and site
[72], age at diagnosis, and dose and volume of
radiation therapy [73, 74]. Cortical tumors have
been reported to result in more cognitive late
effects than 3rd or 4th ventricle tumors [71, 72].
Survivors who received high-dose cranial radia-
tion to frontal areas of their brain (i.e. >35 Gy)
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reported significantly more problems with atten-
tion, processing speed, memory and emotional
regulation [75]. However, pediatric posterior
fossa tumors have also been associated with neu-
rocognitive sequelae including deficits in atten-
tion, planning, sequencing, executive functioning,
memory, processing speed, visual-spatial organi-
zation, and modulation of affect and behavior
[76-78].

Although children with pilocytic astrocytoma
(PA) generally carry a better prognosis and many
were treated with surgery only, the CCSS study
showed that survivors of astrocytoma have high
rates of impairment in attention, processing speed
and memory. Impairment increases with cranial
radiation exposure [3]. Aarsen et al conducted a
prospective neurocognitive study of 67 children
treated for PA and found that cognitive impair-
ments are common. All children with PA had
problems with sustained attention and speed. In
the infratentorial group, there also were deficits
in verbal intelligence, visual-spatial memory,
executive functioning, and naming. The supra-
tentorial hemispheric tumor group had additional
problems with selective attention and executive
functioning. More specifically, the dorsal supra-
tentorial midline tumor group displayed prob-
lems with language and verbal memory.
Predictors for lower cognitive functioning were
hydrocephalus, radiotherapy, residual tumor size,
and age. Predictors for better functioning were
chemotherapy or treatment of hydrocephalus.
Almost 60 % of children had problems with aca-
demic achievement, for which risk factors were
relapse and younger age at diagnosis [79].

Survivors of medulloblastoma demonstrate a
decline in IQ values because of an inability to
acquire new skills and information at a rate com-
parable to their healthy same-age peers, as
opposed to a loss of previously acquired informa-
tion and skills [80]. Only 30 % of young adults
who were survivors of medulloblastoma were
able to drive, live independently, or find a job
[81]. Over 40 % of medulloblastoma survivors
had impairment in attention and processing speed
regardless of RT exposure [3, 71]. Younger age at
diagnosis, high-risk disease and higher baseline
scores were significantly associated with poorer
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outcomes in processing speed, working memory
and attention over time [82]. Severe hearing
impairment and posterior fossa syndrome were
associated with poor neurocognitive outcomes
particularly with reading ability and language
skills [83].

Survivors of ALL have been found to display
deficits in a variety of executive functions, includ-
ing working memory. These deficits have been
hypothesized to develop as a result of chemother-
apeutic and/or corticosteroid agents that are
administered during prophylactic treatment [84,
85]. Survivors who received cranial radiation
have more impairment in memory and motor
functions than non-radiated survivors [86, 87].
Female survivors diagnosed at young age per-
formed worse in the scholastic testing [14].
Impairment in executive function skills increased
with time since diagnosis, and appear to be related
to functional outcomes as adults, including col-
lege graduation and full-time employment [88].

5.4.4 Psychological Late Effects

Zebrak et al. evaluated and compared psycho-
logical outcomes in long-term survivors of pedi-
atric brain cancer and siblings of childhood
cancer survivors [89]. Survivors of childhood
brain cancer in the CCSS cohort appear to report
significantly higher global distress and depres-
sion scores than their siblings. There is a correla-
tion between health status and psychological
functioning [89]. Those survivors with a history
of a major medical condition reported more
symptoms of depression, anxiety and somatic
distress. As in the general population, higher lev-
els of distress among survivors were associated
with female sex, low household income, lower
educational attainment, being unmarried, not
being employed in the past 12 months, and poor
physical health status [89]. CCSS study also
showed brain tumor survivors as a particularly
vulnerable group, with more psychological dis-
tress, fatigue, cognitive problems and diminished
life satisfaction than other survivors. Survivors
scored lower than population norms for most
aspects of Health Related Quality of Life
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(HRQOL) measures. An increased risk of
hospitalization for psychiatric disorders was
observed among survivors of brain tumor [90] as
well as suicide ideation [91, 92].

CNS radiation is linked to impairment in
physical health, more functional impairment and
more activity limitations and increase sleep dis-
ruption and fatigue. Leukemia survivors experi-
enced increased rates of depression, anxiety and
social-skills deficits compared with sibling con-
trols during the adolescent period [75].

5.4.5 Social Outcomes

Measurement of social outcomes including educa-
tion, employment, relationship and independent
living closely relates to the quality of life of survi-
vors. Diagnosis and treatment of cancer can have a
great impact in social development. CNS impair-
ment can further compromise social outcomes.

Educational Problems. Among the CCSS cohort,
survivors of brain tumors and leukemia were
most likely to have educational problems and no
close friends [93]. Eighteen percent of young
adult survivors of brain tumors had not com-
pleted high school. Seventy percent of brain
tumor survivors diagnosed before the age of 6
years required special education services in
school [3]. Ness et al. conducted a study of 156
adult survivors of childhood brain tumors and
compared them with population-based compari-
son group. Physical performance (muscle
strength and fitness values) was lower among sur-
vivors and was associated with not living inde-
pendently and not attending college [94].

Employment and Marriage. CNS tumor survi-
vors had the highest risk of unemployment (odds
ratio=9.9) [95]. Risk for unemployment
increased with chronic medical conditions after
cancer therapy, young age (<4 years) at diagno-
sis, cranial radiation therapy of >30 Gy, and
female sex [93, 95]. There was a dose-dependent
association between RT to the frontal and/or tem-
poral lobes and lower rate of employment, less
household income and less likely to get married
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[52]. Seventy-eight percent of brain tumor survi-
vors had never married compared to 62 % of the
whole CCSS cohort [96]. Many brain tumor
survivors are unable to live independently.

Children with ALL who did not receive radia-
tion therapy and who have attained 10 or more
years of event-free survival can expect a normal
long-term survival. However, irradiated leukemia
survivors have a slight excess in mortality, and an
increased unemployment rate. Women in the irra-
diated group were less likely to be married [93,
97]. ALL survivors receiving cranial radiother-
apy of >24 Gy or age less than 6 years old at
diagnosis are more likely to require special edu-
cation program [98].

5.4.6 Second Malignancies
Affecting Central Nervous
System

Within the CCSS cohort of 14,361 5-year survi-
vors, subsequent CNS primary neoplasms were
identified in 116 individuals. Radiation therapy
was associated with a dose-dependent increased
risk for subsequent gliomas (odds ratio=6.78,
95 % CI 1.54-29.7) and meningiomas (odd ratio
9.94, 95 % CI 2.17-45.6). The relative risk per
Gy for glioma was highest among children
treated with radiation at age 5 years or younger.
The risk of glioma was increased within 5-10
years after radiation, but declined to nearly back-
ground levels after 15-20 years. In contrast, the
incidence of meningioma increased steadily from
5 to 10 years after radiation and showed no evi-
dence of plateau [99]. The median age at diagno-
sis of glioma was 15 and 25.5 years for
meningioma [100]. Among survivors of CNS
malignancies, 76 subsequent malignant neo-
plasms were reported among 1,877 survivors.
The most common second malignancies were
CNS tumors (20 observed), followed by thyroid
cancer (12 observed) and soft tissue sarcomas
(eight observed) [3]. Survivors of CNS malignan-
cies who received CNS-directed radiation >50 Gy
had a cumulative incidence of a subsequent CNS
neoplasm of 7.1 % at 25 years compared with
5.2 % for those receiving <50 Gy and, 1.0 % for
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those who received no CNS radiation [16, 52,
100]. Death from the second malignant neo-
plasms accounts for 10 % of late death of brain
tumor survivors [101].

Patients with neurofibromatosis are at higher
risk for developing secondary malignancy fol-
lowing radiation. The relative risk of second ner-
vous system tumor after radiotherapy was 3.04
(95 % CI, 1.29-7.15). There is a significantly
increased risk of second nervous system tumors
in NF1 patients who received radiotherapy for
optic pathway glioma, especially when treated
during childhood [4].

In the report by Packer et al from a Phase 3
study of children with average risk medulloblas-
toma treated with craniospinal radiation therapy
followed by adjuvant chemotherapy, second
malignancies including myelodysplastic syn-
drome (MDS), pilocytic astrocytoma, T-ALL,
malignant glioma (cerebellar), basal cell carci-
noma, and glioblastoma were reported to develop
38-76 months from the study enrollment [47].

Radiation associated CNS neoplasms have
been reported as the most common second malig-
nancy among survivors of childhood leukemia
[102]. CCSS study reported 199 second neo-
plasms (SN) developed in 4,151 ALL survivors.
Eighty-one percent of SNs developed in survi-
vors who received radiation therapy, with 53 % of
SNs occurring in the CNS including meningioma
(66), astrocytoma (22), medulloblastoma (3) and
others (15) [54].

5.4.7 Late Mortality

Among childhood cancer survivors treated from
1970 through 1986 followed by CCSS, the CNS
tumor survivors had the worst overall survival
with a cumulative mortality rate of 17.1 % at 20
years. The major cause of death (67 %) among
the 5-year survivors was recurrence or progres-
sion of the original CNS malignancy. Survivors
of medulloblastoma or primitive neuroectoder-
mal tumor have a 17-fold higher risk of death
than that of the general population. Recurrence or
progression was the leading cause of death until
30 years after diagnosis [52]. The risk for death
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from disease recurrence was greatest in the time
period of 5-9 years after initial diagnosis. This
pattern of late recurrence suggests a need for con-
tinued surveillance of disease well beyond the
first 5 years from diagnosis.

5.5  Surveillance of Late Effects
Improvements in treatment of brain tumor and
leukemia have increased the rate of survival.
Recognition of many CNS late effects in survi-
vors of brain tumors and leukemia is important
for early intervention and treatment. Survivors
should receive risk-based surveillance based on
prior treatment and have a plan for lifetime fol-
low-up for potential late effects [60]. The medi-
cal team should ensure that survivors have access
to multidisciplinary specialists including an
oncologist, neurologist, neurosurgeon, endocri-
nologist, psychologist, speech and occupation
and physical therapist, ophthalmologist, dentist,
and audiologist as needed.

Table 5.3 summarizes the surveillance for
potential CNS late effects based on risk factors.
Obtaining the survivor’s medical history and
treatment summary can identify risk factors and
direct the modality of surveillance. It is important
to recognize that the pattern and incidence of late
effects may change over time, with the evolution
of treatment for leukemia and CNS tumors.

Advances in neuroimaging techniques are
available to identify changes at an earlier stage
and may influence the choice of therapy to lessen
the late effects. MRI with diffusion tensor imag-
ing (DTI) can be used to evaluate the integrity of
white matter tracts. Volumetric monitoring of
normal appearing white matter (NAWM) may
correlate with neurocognitive test performance,
which shows deficiencies when cranial irradia-
tion is administered early in life [24]. With the
prevalence of late tumor recurrence and second
CNS malignancies in brain tumor and leukemia
survivors, screening neuroimaging studies should
be employed beyond the immediate post-
diagnosis period.

Patients with primary spinal tumors or history
of receiving high dose radiation dose >45 Gy to
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the lumbar/sacral spine and/or cauda equina
should be evaluated for symptoms of neurogenic
bladder and bowel symptoms including fecal
incontinence and chronic constipation.

Growth failure, abnormal pubertal develop-
ment, and other endocrinological deficits are
prevalent in brain tumor survivors from radiation
to the hypothalamic-pituitary axis [103].
Survivors should have their height and weight
monitored every 6 months until growth is com-
pleted, then yearly. Tanner staging should be
done every 6 months until sexually mature. X-ray
for bone age should be obtained in poorly grow-
ing children. FSH, LH, testosterone (for male)
and estradiol (for female) should be measured for
precocious or delayed puberty. Thyroid function
should be screened by measuring TSH and free
T4 yearly.

Neurosensory deficits including visual and
hearing impairment are common in children with
optic pathway tumors and posterior fossa tumors.
The visual screening includes yearly evaluation
by an ophthalmologist for cataract, optic nerve
examination, visual acuity, and visual field for
patients with optic pathway tumors or treated
with radiation therapy to the optic pathway.
Patients who received cranial radiation to the
posterior fossa or hearing apparatus and/or cispl-
atin should have otoscopic exam and audiologi-
cal evaluation yearly after completion of therapy
for 5 years, then every 5 years and yearly if hear-
ing loss is detected. Patients with hearing loss
should have otolaryngology and audiology con-
sultation for hearing aid evaluation.

With high prevalence of neurocognitive defi-
cits and mood disorders in brain tumor and irradi-
ated leukemia survivors, a comprehensive
neuropsychological assessment including tests of
processing speed, visual motor integration, mem-
ory, comprehension of verbal instruction, verbal
fluency, executive function and psychological
status should be performed.

School plays an important part of life in chil-
dren. Children undergoing cancer treatment may
be referred to the hospital school program or
home schooling. When the patient is ready to
return back to school, a referral to the Cancer
Center’s respective school reintegration program
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5 Central Nervous System

or district school psychologist for evaluation of
academic readiness and the need for educational
accommodation should be obtained. This will
facilitate acquisition of educational resources
and social skills training.

The Children’s Oncology Group’s publication
“Long-Term Follow-Up Guidelines for Survivors
of Childhood, Adolescent, and Young Adult
Cancers” was developed as a resource for clini-
cians who provide ongoing healthcare to survi-
vors of pediatric malignancies. The purpose of
these guidelines is to provide recommendations
for screening and management of late effects that
may potentially arise as a result of therapeutic
exposures used during treatment for pediatric
malignancies. The web links of the survivorship
guidelines are presented in Part IV, and are pre-
sented here as well:
http://www.survivorshipguidelines.org/pdf/

LTFUGuidelines_40.pdf

The screening recommendations in these
guidelines are appropriate for asymptomatic survi-
vors of childhood, adolescent, or young adult can-
cer presenting for routine exposure-based medical
follow-up. More extensive evaluations are pre-
sumed, as clinically indicated, for survivors
presenting with signs and symptoms suggesting
illness or organ dysfunction. Decisions regarding
screening and clinical management for any spe-
cific patient should be individually tailored, taking
into consideration the patient’s treatment history,
risk factors, co-morbidities, and lifestyle.

5.6 Management of Late Effects
Management of many late effects discussed in
this chapter including neurotoxicity, neurocogni-
tive, and neuropsychological late effects will be
reviewed in detail in later chapters of this book. A
brief overview of treatment is hereby presented.

5.6.1 Hormone Replacement

Growth hormone (GH) deficiency, the most com-
mon endocrinopathy in survivors of childhood
brain tumors, coupled with precocious puberty
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induced by cranial irradiation and impaired
spinal growth from spinal irradiation can cause
suboptimal adult height. It is recommended that
GH therapy begin at the earliest age that is clini-
cally feasible, at least one year tumor-free after
cancer treatment due to fears of increased recur-
rence in the early post-treatment period [55,
104]. However, there is no increased risk of CNS
tumor relapse or development of leukemia based
on several large series of survivor studies.

Patients with thyroid hormone deficiency,
hypopituitarism, and gonadotropin hormone
deficiency and central adrenal insufficiency
should also receive individual hormone replace-
ment as discussed in Chap. 6.

5.6.2 Management of Neurological
Disorders

Survivors with neurological late effects should uti-
lize rehabilitation services to optimize physical
function and support increased health related qual-
ity of life (HRQOL) [105]. Physical therapy pro-
vides exercises to improve balance and coordination
while occupational therapy can provide assistance
to improve hand/eye coordination and other skills
needed for daily life activities. Orthotic devices can
be used to support ankles and feet and help improve
walking. Correction of visual and hearing deficits
with glasses and hearing aids to prevent further
impairment of physical function and cognitive abil-
ities should be done. Patients with seizure disorders
should be referred to neurologists for evaluation
and treatment. Anticoagulation or antiplatelet
agents should be considered for patients suffering
from ischemic stroke. Revascularization proce-
dures have been performed for selective patients
with moyamoya [106].

5.6.3 Interventions to Improve

Neurocognitive Functions

While discussed elsewhere in this manuscript, it
is briefly reviewed here. The medical team should
help survivors to receive the specialized cogni-
tive, educational, and vocational services as
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needed by referring to school based programs
and community vocational services [75].
Children with impaired neurological and neuro-
cognitive function should have an Individualized
Educational Plan (IEP) which is provided by
public schools through the Individuals with
Disabilities Education Act (IDEA). IEPs include
formal assessment of the student’s current skill
levels, special instruction and services to be pro-
vided, and the measurable and observable goals
for improvement in each area of educational
need. Computerized cognitive training programs
are also available to target training in attention
and working memory [107].

It is known that alternative circuits can be
established to compensate for lost or injured
areas in the brain, which is referred as neuroplas-
ticity [108]. Plasticity occurs on a variety of lev-
els, ranging from cellular changes involved in
learning, to large-scale changes involved in corti-
cal remapping in response to injury. The most
widely recognized forms of plasticity are learn-
ing, memory, and recovery from brain damage.
Early detection of impaired neurocognitive func-
tions and intervention for restoration via relearn-
ing and practice is an important step to prevent
further loss of function.

5.6.4 Pharmacologicinterventions

Although discussed in more detail in a later chap-
ter, briefly, stimulant medications such as methyl-
phenidate (MPH) have been used to improve
neurocognitive function. Conklin et al conducted
a two-day, in-clinic, double-blind, randomized,
cross-over trial between MPH (0.60 mg/kg of
body weight) and placebo in 122 ALL and brain
tumor survivors. A significant MPH versus pla-
cebo effect on a measure of attention, cognitive
flexibility, and processing speed was found. Male
gender, older age at treatment, and higher intelli-
gence were predictive of better medication
response [109]. Modafinil, a psychostimulant
which enhances wakefulness and vigilance, was
shown to improve cognitive performance in
breast cancer survivors by enhancing some mem-
ory and attention skills [110]. “A Phase II
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Placebo-Controlled Trial of Modafinil to Improve
Neurocognitive Deficits in Children Treated for a
Primary Brain Tumor” is currently being con-
ducted through the Community Clinical
Oncology Program (CCOP) and the Children’s
Oncology Group. Although there is some pre-
liminary support for the efficacy and safety of
stimulants for survivors of ALL and brain tumor,
more research is needed concerning the long-
term effects of the stimulants among cancer
survivors [111].

5.6.5 Management of Mood
Disorders

Psychosocial support interventions that enhance
social and vocational skills via social and com-
munity services may improve a survivor’s ability
to enter intimate relationships or to obtain and
maintain employment opportunities [89, 112].
Promotion of psychological adaptation and
reduction of distress help survivors cope with
anxiety and depression. Intervention with exer-
cise programs to address fatigue is also being
explored [113].

5.6.6 Prevention of CNS Late Effects

With the accumulation of knowledge on the CNS
late effects of cancer chemotherapy and radiation
therapy, clinicians try to optimize risk-to-benefit
ratios of survival and quality of life and the
potential late effect. For example, the recent clin-
ical trials in medulloblastoma have successfully
showed the feasibility to decrease the dose of
radiation to the neuraxis, particularly in young
children. Cranial radiation has been eliminated in
majority of children with ALL. On the other
hand, different profiles of CNS late effects may
appear with increased chemotherapy intensity,
which need to be closely monitored.

The newer advanced radiation technologies
such as conformal radiation, intensity-modulated
radiation therapy (IMRT) and proton beam radia-
tion provide more targeted radiation to the tumor
tissue and spare normal brain tissue. These may
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also influence the rate and type of late effects
[64]. There is also an increased interest in using
pharmacological approaches to prevent cognitive
dysfunction in patients receiving whole-brain
radiotherapy. The Radiation Therapy Oncology
Group (RTOG) conducted a randomized, double-
blind, placebo-controlled trial with Memantine,
an NMDA receptor antagonist, showed
Memantine arm had better cognitive function and
delayed time to cognitive decline [114]; a similar
trial is being planned by the Children’s Oncology
Group.

5.6.7 Promoting Healthy Lifestyles

With higher incidence of tumor recurrence and
secondary malignancies, survivors should be
educated in healthy lifestyles including healthy
behaviors and diets. Avoiding cancer-promoting
behaviors such as smoking, heavy drinking, and
tanning, and eating foods higher in fiber and
lower in fat and salt may lower the risk of devel-
oping a second cancer (http://www.survivorship-
guidelines.org/pdf/healthlinks/English/diet_and_
physical_activity_Eng.pdf).

5.7 Conclusions

The survival rates of childhood cancers have
greatly improved with modern cancer treatment.
Survivors of childhood cancer may have many
more decades of life ahead of them. However,
survivors of CNS tumors and those who received
CNS-directed therapy may develop multiple
chronic and serious health conditions affecting
their physical function and quality of life.
Neurocognitive and neuropsychological sequelae
may have a negative impact on education,
employment, relationships and ability for inde-
pendent living. Practitioners taking care of child-
hood cancer survivors need to review the
treatment history of individual patients and per-
form risk-based screening and evaluation. Early
detection and intervention of late effects by the
multidisciplinary medical team may lessen the
impact on the quality of life for survivors.
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Modification of treatment modalities to prevent
acute and late effects of cancer therapy will con-
tinue to be the focus of clinical research in chil-
dren with cancer affecting the central nervous
system.
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6.1 Introduction

Endocrine complications are frequently reported
late effects in childhood cancer survivors, affecting
between 20 % and 50 % of individuals [1]. High
risk populations include individuals exposed to
radiotherapy (cranial or total body) and high doses
of alkylating agents. Hematopoietic stem cell trans-
plant (HSCT) recipients, survivors of central ner-
vous system (CNS) tumors and Hodgkin lymphoma
are at a particularly high risk [2, 3]. Affected sys-
tems include the hypothalamus and pituitary, the
thyroid, the gonads as well as various systems regu-
lating bone health, body composition, and glucose
metabolism (Tables 6.1 and 6.2).

6.2  Disorders of the
Hypothalamus and Pituitary
6.2.1 Growth Hormone Deficiency

The potential for linear growth can be eroded by
various endocrine and non-endocrine factors, lead-
ing to adult short stature. Growth hormone (GH)
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deficiency is among the main endocrine factors
associated with short stature and most frequently
occurs as a complication of cranial radiotherapy.

Tumors developing close to the hypothalamus
and/or pituitary gland such as craniopharyngio-
mas, germinomas, and optic nerve gliomas
can cause GH deficiency as a direct anatomical
insult or because of the surgery required to
remove or reduce the size of these tumors.
The other hypothalamic—pituitary functions are
generally affected in these situations.

Growth hormone deficiency is the most fre-
quently observed and often the only hypotha-
lamic—pituitary deficit in individuals treated with
cranial radiotherapy [4, 5]. The deficit occurs in a
time- and dose-dependent fashion. The higher the
dose of radiation and the longer the time interval
from treatment, the greater the risk [6]. Growth
hormone deficiency can be observed within
5 years when doses exceed 30 Gy [5]. Following
lower doses, such as 18 to 24 Gy, growth hormone
deficiency may not become evident for 10 or more
years [7]. The effects of chemotherapy alone on
GH secretion are not as well established as those
of radiotherapy. Growth hormone deficiency has
been reported in relatively small numbers of indi-
viduals treated with chemotherapy alone [8—11].

The diagnosis of GH deficiency can be diffi-
cult to establish except in situations where direct
anatomical insults to the hypothalamus and/or the
pituitary are documented (e.g., sellar tumors,
surgical removal). Given the kinetics of GH
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Table 6.1 Endocrine late effects and therapy related risk factors

Function Complication
Linear GH deficiency
Growth
Puberty Central Precocious
Puberty
Hypogonadotropic
Hypogonadism
Pituitary, ACTH deficiency
other
TSH deficiency
Thyroid Primary
hypothyroidism
Hyperthyroidism
Auto-immune diseases
Cancer
Testes Leydig cell function
Germ cell function
Ovaries Ovarian failure
Bone Osteoporosis

Metabolism  Obesity and insulin
resistance

Therapy-related risks
Surgery

Radiotherapy to
hypothalamus or pituitary

Radiotherapy to
hypothalamus or pituitary

Surgery

Radiotherapy to
hypothalamus or pituitary

Surgery

Radiotherapy to
hypothalamus or pituitary

Systemic glucocorticoids
Surgery

Radiotherapy to
hypothalamus or pituitary

Radiotherapy to the neck

1131 labeled agents
Radiotherapy to the neck
HSCT

Radiotherapy to the neck

Alkylating agents
Radiotherapy to testes
Alkylating agents
Radiotherapy to testes
Alkylating agents
Radiotherapy to pelvis

Chemotherapy
Radiotherapy
Associated deficits

Surgery to hypothalamus
Radiotherapy

W. Chemaitilly

Relationship to time, dose to gland
or organ when applicable

Damage to the pituitary by tumor expansion
and/or surgery

Doses > 30 Gy, effect by 5 years after exposure

Doses 18-24 Gy, effect may appear >10 years
following exposure

Doses >18 Gy, Girls <5 years old at exposure
have a higher risk

Damage to the pituitary by tumor expansion
and/or surgery

Doses >30 Gy
Decreased fertility (partial deficit?) 22-27 Gy

Damage to the pituitary by tumor expansion
and/or surgery

Doses >30 Gy

Deficiency depends on the doses used and
duration of exposure

Damage to the pituitary by tumor expansion
and/or surgery

Doses >30 Gy

Risk increases with dose (even <35 Gy)
and time after exposure

Such as MIBG for neuroblastoma
Doses >35 Gy

Transfer of monoclonal antibodies from donor
to recipient

Doses 20-29 Gy; age <10 years at exposure,
latency can be >20 years

Generally subclinical

Doses >24 Gy

Cyclophosphamide dose >7.5 g/m?
Possible >0.15 Gy, high risk >2 Gy
Higher risk for older age at exposure

Acute ovarian failure at doses >20 Gy.
Premature menopause/infertility at lower doses;
higher risk for older age at exposure.

Methotrexate, systemic glucocorticoids
TBI

Untreated hypogonadism, GH deficiency,
nutritional causes.

Large resection causes “central obesity”
Cranial radiotherapy, TBI.

GH growth hormone, ACTH corticotropin, TSH thyroid stimulating hormone, HSCT hematopoietic stem cell transplant,

TBI total body irradiation
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Table 6.2 Elements of clinical suspicion and screening tools for common endocrine late effects

Condition Clinical Suspicion Intervention

GH Deficiency

Laboratory Studies
Risk exposure (surgery, cranial radiotherapy) Bone Age
Decreased growth velocity, growth failure. IGF1, IGF-BP3

GH Stimulation Test
Central Precocious  Tanner stage 2 before 8 y/o in girls Bone Age
Puberty Menarche before the age of 10 y/o

Tanner stage 2 before 9 y/o in boys Test

Baseline LH, FSH

GH replacement

GnRH agonist

Leuprolide Stimulation

Hypogonadotropic ~ Tanner stage 1 past 12 y/o in gitls Induction of puberty/

Hypogonadism Primary or secondary amenorrhea Estradiol (girls) Sex hormone
Tanner stage 1 past 13 y/o in boys Testosterone (boys) replacement
Arrested Puberty
Central Adrenal Risk exposure (surgery, high dose cranial 8 AM cortisol and Hydrocortisone and
Deficiency radiotherapy, prolonged systemic steroids) ACTH stress dose teaching.
Presence of other pituitary deficits Low dose ACTH
Clinical signs of adrenal insufficiency stimulation test if AM
cortisol abnormal.
Hypothyroidism Risk exposure (surgery, high dose cranial TSH, Free T4 Levothyroxine
radiotherapy, radiotherapy to the neck, 1131
labeled agents).
Presence of other pituitary deficits
Clinical signs of hypothyroidism
Thyroid Neoplasms  Risk exposure (Radiotherapy to the neck) Thyroid Per etiology

ultrasound (US)
US guided FNAB
Baseline LH, FSH

Nodule on careful palpation of neck.

Leydig Cell Failure, Tanner stage 1 past 13 y/o Induction of puberty/

males Arrested puberty Testosterone Sex hormone
Low androgen symptoms replacement

Germ Cell Failure,  Decreased/no progression of testicular Baseline FSH, Sperm banking

males volume inhibin B pre-therapy

Ovarian Failure

Bone Health

Tanner stage 1 past 12 y/o

Arrested puberty

Primary or secondary amenorrhea

History of fractures
Dietary restrictions

Adults:Sperm count
Baseline LH, FSH
Estradiol

Adults: AMH

BMD studies vitamin
D 25 levels

Induction of puberty/
Sex hormone
replacement

Per etiology

Multiple hormonal deficiencies
Obesity, Overweight BMI>85th percentile in children Fasting glucose, lipids, Diet, active lifestyle.
insulin levels.
BMI>25 kg/m? in adults

Evidence of abdominal obesity

Hemoglobin Alc

Oral glucose tolerance
test if fasting tests
abnormal.

GH growth hormone, /GF-1 insulin like growth factor-1, IGF-BP3 insulin like growth factor binding protein 3, GnRH
Gonadotropin releasing hormone, ACTH corticotropin, 7SH thyroid stimulating hormone, LH luteinizing hormone,
FSH follicle stimulating hormone, FNAB ultrasound guided fine needle aspiration biopsy, AMH anti-Mullerian hor-
mone, BMD bone mineral density, BMI body mass index.
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secretion, the hormone being released mostly
through nocturnal pulses, deficiencies can be dif-
ficult to capture and the diagnosis has to be based
on the convergence of clinical features and labo-
ratory results. A decreased growth velocity,
observed over a 6-month time interval, should
raise the suspicion of GH deficiency [12]. It is
important to note that other endocrine and non-
endocrine factors can contribute to growth decel-
eration and that the elements obtained during the
clinical evaluation can help in elucidating the
contribution of each additional factor. For
instance, high dose radiotherapy to the spine,
such as following total body irradiation (TBI),
can directly damage the vertebral growth plates
and cause a skeletal dysplasia where the sitting
height is more affected than the standing height
[13-16]. It is therefore important in individuals
who received such treatments to measure and plot
on dedicated growth charts the sitting height of
the individual and compare this to the standing
height. Body weight and body mass index (BMI)
are important markers of nutritional status which
can influence linear growth. In addition, excessive
weight gain contrasting with linear growth decel-
eration can reflect thyroid dysfunction. Pubertal
staging is an important part of any endocrine eval-
uation, but is essential in this context as concur-
rent central precocious puberty—a fairly common
endocrine complication observed in individuals
treated with cranial radiotherapy—can mask the
clinical signs of growth hormone deficiency with
seemingly normal growth rates owing to the inap-
propriate secretion of sex steroids.

Given the pulsatile and circadian nature of GH
secretion patterns, GH plasma measurements
require dynamic testing, often referred to as
GH stimulation testing. A pharmacologic agent
known to increase GH secretion (or secreta-
gogue) is injected and GH levels are mea-
sured serially over a 2-hour period. Stimulation
tests are non-physiologic and can yield non-
reproducible results. In children, the interpreta-
tion of the GH peak values varies with the GH
assay and the standard used by the different labo-
ratories; a normal GH peak response hence varies
between 5 and 10 ng/mL depending on all these
factors. In adults, different cut off values have
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been defined depending on the secretagogue used
during the test and according to BMI [17]. The
diagnosis of GH deficiency generally requires
failing two stimulation tests using two different
secretagogues. In patients who received irradia-
tion to the hypothalamus and/or pituitary, how-
ever, failing one stimulation test was considered
enough in the consensus guidelines published by
the Growth Hormone Research Society [18].
Plasma Insulin like growth factor-1 (IGF-1) and
IGF binding protein-3 (IGFBP-3) which are more
stable than GH levels, are widely used as surro-
gate markers of GH secretion. They are used by
many clinicians as screening tools before offering
GH stimulation testing. This approach is prob-
lematic by several aspects. The interpretation of
the IGF-1 and IGFBP-3 levels requires factoring
in patient age, pubertal stage, and skeletal matu-
ration data. Plasma IGF-1 levels are also affected
by changes in liver function and by the nutritional
status. Additionally, IGF-1 and IGFBP-3 levels
can be inappropriately normal in children with
GH deficiency following hypothalamic/pituitary
irradiation or local tumoral expansion and hence
cannot be used to screen for GH deficiency in this
population [19, 20]. Hence, when clinical suspi-
cion is present, GH stimulation testing should be
offered even if IGF-1 and/or IGFBP-3 levels
were within the normal range. A left-hand X-ray
obtained to assess the degree of skeletal matura-
tion, referred to as the “Bone Age” is an impor-
tant part of the investigation of a child with
growth deceleration. Differences between the
bone age and the chronological age are helpful in
assessing the potential for catch-up growth [21].
Replacement therapy using recombined
human GH is proven to improve final height
prospects in survivors with childhood onset GH
deficiency [22, 23]. Initiation of replacement
therapy at a younger bone age—and hence longer
duration of replacement therapy—and higher
doses of therapy positively correlated with a
greater final height outcome [24]. Safety con-
cerns pertaining to the use of GH in individuals
with a history of malignancy are related to the
known pro-mitogenic and proliferative effects of
GH and IGF-1. Growth hormone replacement is
generally deferred until 1 year after the successful
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completion of all cancer therapies and initiated
only if there are no changes in the patient’s remis-
sion status. The treatment is also interrupted
when a patient is diagnosed with a recurrence or
a second neoplasm. In order to more systemati-
cally address these ongoing safety concerns,
many large-scale studies pertaining to the long
term risks associated with the use of GH in child-
hood cancer survivors have been published over
the years. These studies did not show an increase
in the risk of brain tumor recurrence, disease
recurrence, or death following GH replacement
therapy [25-27]. However, there was a slight
increase in the risk of a secondary solid tumor,
the most commonly observed being meningio-
mas [27, 28]. Cancer survivors treated with GH
may also be at a higher risk of developing slipped
epiphyses compared with children treated with
GH for idiopathic GH deficiency [29]. As an
entity, adult GH deficiency is increasingly being
recognized given its association with increased
body fat, raised plasma lipids, and decreased
bone density and reduced quality of life [10, 11,
30]. Treatment with GH in adult survivors of
childhood cancer seems to have a greater impact
on quality of life, and to result in improvements
in the metabolic parameters [11, 31-33].

6.2.2 Disorders of the Luteinizing
Hormone (LH) and the Follicle
Stimulating Hormone (FSH)

6.2.2.1 Central Precocious Puberty

Central precocious puberty (CPP) occurs follow-
ing the premature activation of the hypotha-
lamic—pituitary—gonadal axis [34]. Precocious
puberty can lead to abnormally rapid skeletal
maturation, with early fusion of the growth
plates, hence contributing to the risk of adult
short stature. In addition, a very early onset of
puberty—of menstrual activity in girls in particu-
lar—can be a source of psychosocial stress lead-
ing to adjustment difficulties.

Cranial irradiation at both lower doses (18—
35 Gy) and higher doses (>35 Gy) is associated
with the development of central precocious
puberty, by presumably disrupting inhibitory
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cortical influences [35-39]. In contrast, radiation
doses >50 Gy are also associated with hypogo-
nadotropic hypogonadism within the context of
combined hormonal pituitary deficiencies [36,
39, 40]. Risk factors associated with CPP fol-
lowing hypothalamic irradiation include female
sex, young age at treatment, and increased BMI
[37, 41].

Precocious puberty is, first and foremost, a
clinical diagnosis. It is defined by the onset of
sustained pubertal development before the age of
8 years old in girls and before the age of 9 years
old in boys [34]. The onset of pubertal develop-
ment in girls is defined by the onset of breast
development. In late referrals, the onset of men-
arche before the age of 10 years old is also con-
sidered an indicator of precocious puberty. In
boys, the measurement of the testicular volume—
used to assess the onset of pubertal development
in the general population—may not be a reliable
indicator of puberty in childhood cancer survi-
vors, as chemotherapy and radiation can damage
the seminiferous tubules, resulting in testes that
are inappropriately small for a given stage of
puberty. Thus, in boys, clinicians should be
alerted by the early onset of other secondary sex-
ual characters (e.g., pubic hair) prior to the age of
9 years and should not solely rely on testicular
volume measurements. One of the first signs of
pubertal development is an increase in the growth
rate. In children who also are likely to have GH
deficiency, this may result in falsely reassuring
“normal” growth velocity.

Skeletal maturation can be assessed using the
standard bone age (X-ray examination of the left
wrist and hand) in order to estimate the individu-
al’s skeletal age [21]. Advancement of the bone
age more than two standard deviations (SD) for
chronological age is a consistent finding in chil-
dren with precocious puberty. In girls with CPP,
uterine growth on the pelvic ultrasound is a sign
of estrogen stimulation, and is an earlier finding
than bilaterally enlarged ovaries. Gonadotropin
secretion is best assessed using the gonadotropin
releasing hormone (GnRH) or GnRH agonist
stimulation tests. An ample luteinizing hormone
(LH) response greater than the FSH response
indicates a pubertal pattern. The plasma estradiol
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levels in girls and testosterone levels in boys are
also important indicators of pubertal develop-
ment. Various formulations are available for long
acting GnRH agonists, such as the most
commonly-used depot leuprolide acetate. These
are used to effectively suppress LH and FSH
secretion and stop the progression of puberty.
This has been shown to improve the statural out-
come, especially when contemporary regimens
for GH replacement are used concurrently to
treat GH deficiency [23].

6.2.2.2 Hypogonadotropic
Hypogonadism

Hypogonadotropic hypogonadism is the clinical
consequence of LH and FSH deficiencies. In
individuals who have not completed pubertal
development, hypogonadotropic hypogonadism
results in delayed or arrested puberty. In individ-
uals who had previously completed pubertal
development it is among the causes of secondary
amenorrhea in women and testosterone insuffi-
ciency in men.

Hypogonadotropic hypogonadism, as a com-
plication of cranial radiotherapy, is less frequently
observed than CPP. It tends to occur following
the exposure of the hypothalamus/pituitary to
high doses of radiation >30 to 40 Gy [4, 39, 42—
44]. In female ALL survivors “subtle” defects of
gonadotropin secretion following radiation doses
in the 18-24 Gy range have been described [43,
45] while in a recent study, female survivors who
received 22-27 Gy of hypothalamic/pituitary
irradiation were found to have decreased fertility
[46]; additional long-term follow-up data will
provide a better sense of the ultimate effect of
these lower doses.

In prepubertal individuals, hypogonadotropic
hypogonadism can be clinically suspected
through the observation of delayed puberty. This
is defined by the absence of pubertal develop-
ment (evidenced by breast development) past the
age of 12 years old in girls. In boys, pubertal
development should start prior to the age of 13
years old. As previously discussed, in boys, tes-
ticular volume may not be reliably used in the
survivor population given the risk of a concomi-
tant gonadal insult. Other markers may be useful,
such as pubic hair or plasma testosterone levels.
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The clinical diagnosis in both sexes (and espe-
cially in males) can be difficult given the overlap-
ping symptoms with constitutional delay of
growth (simple pubertal delay). Mid-pubertal
individuals would experience arrested puberty
(no progression in Tanner staging and primary
amenorrhea in girls). Post-pubertal women will
experience secondary amenorrhea. Affected
males will have symptoms of testosterone insuf-
ficiency such as reduced libido, erectile dysfunc-
tion, decreased bone mineral density (BMD),
decreased muscle mass and other metabolic dis-
turbances. The diagnosis can be further corrobo-
rated by low sex steroid levels associated with
low LH and FSH levels. The treatment relies on
the induction of pubertal development in prepu-
bertal individuals and sex hormone replacement
therapies in pubertal individuals.

6.2.3 Other Hypothalamic-Pituitary
Deficiencies

6.2.3.1 Corticotropin Deficiency

Corticotropin (ACTH) deficiency in childhood
cancer survivors is uncommon except when it
occurs in the context of suppression by high dose
systemic steroid medications. It can be observed
along with other pituitary deficiencies as a result
of local tumoral expansion or surgery or follow-
ing high-dose (>30 Gy) radiation [5, 47, 48]. The
symptoms evocative of central adrenal insuffi-
ciency include fatigue, nausea, vomiting, abdom-
inal pain, hypotension, shock, unexplained
clinical deterioration, vulnerability to infections
and hypoglycemia. Laboratory investigations
would reveal low plasma levels of cortisol and
ACTH. Levels should be drawn as close to 8 AM
as possible, although circadian variation is rarely
present before the age of 3 months and may be
impaired in severely ill patients. An 8 AM plasma
cortisol <5 mcg/dL is suggestive of adrenal insuf-
ficiency while levels above 18 mcg/dL are suffi-
cient to rule out the diagnosis [49]. Additional
testing modalities include the insulin tolerance
test, low dose ACTH and metyrapone stimulation
tests. The treatment relies on replacement therapy
with hydrocortisone and patient and family edu-
cation in regards to glucocorticoid stress dosing.
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6.2.3.2 Thyroid Stimulating Hormone
(TSH) Deficiency

Thyroid stimulating hormone (TSH) deficiency,
resulting in central hypothyroidism, occurs less
often than GH deficiency and central preco-
cious puberty following the irradiation of the
hypothalamic/pituitary area. It has been reported
following doses >30 to 40 Gy [4, 5, 50-52]. The
clinical symptoms associated with hypothyroid-
ism include fatigue, cold intolerance, abnormal
weight gain, hair loss, low energy levels,
depression, and menstrual irregularities. In chil-
dren who have not completed growth, hypothy-
roidism is associated with a decreased growth
velocity, contrasting with abnormal weight gain.
Laboratory investigations are remarkable for a
low Free T4 level with a TSH level that is either
low or inappropriately within the normal range.
The treatment is based on replacement with levo-
thyroxine at substitutive doses. Free T4 levels are
measured for dosage adjustment 6—8 weeks fol-
lowing the initiation of therapy and after any dos-
age adjustment; they can otherwise be followed
every 6 months. Once the diagnosis is established
and therapy is initiated, there is no need to moni-
tor TSH levels in individuals with central
hypothyroidism.

6.2.3.3 Hyperprolactinemia

Exposure of the hypothalamus to doses of
radiation in the vicinity of 50 Gy and above
can be associated with hyperprolactinemia [36].
Hyperprolactinemia is often mild and reported
as a fortuitous laboratory finding. Hyper-
prolactinemia can suppress gonadotropin and
cause hypogonadism in patients who otherwise
have many reasons for gonadal dysfunction.

6.3  Disorders of the Thyroid

Thyroid disorders are common among childhood
cancer survivors. These disorders include
therapy-induced hypothyroidism and hyperthy-
roidism, thyroid autoimmune diseases and thy-
roid neoplasms.
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6.3.1 Therapy Induced Primary

Hypothyroidism

The thyroid gland is particularly vulnerable to
radiation, and primary hypothyroidism is by far
the most common thyroid disorder observed in
childhood cancer survivors. Individuals treated
with neck/mantle irradiation for Hodgkin lym-
phoma, craniospinal irradiation for brain tumors,
or TBI for cytoreduction before HSCT are there-
fore at a significant risk of becoming hypothyroid
in the years that follow the exposure [5, 7, 52—
56]. Treatments with radio-labeled agents such as
Iodine-131-metaiodobenzylguanidine I131-
MIBG) [57] and I131-labeled monoclonal anti-
body for neuroblastoma [58] have also been
associated with hypothyroidism. Chemotherapy
alone does not seem to cause hypothyroidism
[56, 59]. The prevalence of hypothyroidism is
primarily determined by the total dose of radia-
tion to the thyroid and by the duration of follow-
up. Additional risk factors for developing
hypothyroidism include female gender, white
race, and being older than 15 years of age at the
time of diagnosis [54, 59]. As hypothyroidism
can occur more than 25 years following the com-
pletion of cancer treatments, it is imperative that
individuals at risk undergo lifelong surveillance.

Clinical signs suggestive of hypothyroidism
include fatigue, cold intolerance, abnormal weight
gain, hair loss, low energy levels, depression, and
menstrual irregularities. In children who have not
completed growth, hypothyroidism is associated
with a decreased growth velocity contrasting with
an abnormal weight gain. Given the relatively
non-specific nature of many of these symptoms
and knowing that many individuals would become
profoundly hypothyroid before developing any of
these symptoms, it is recommended to screen for
abnormal thyroid functions in individuals at risk
by obtaining labs at least yearly. These include
plasma Free T4 and TSH levels. Elevated TSH
levels contrasting with normal or low Free T4 lev-
els are suggestive of primary hypothyroidism.
The treatment consists of replacement with levo-
thyroxine at substitutive doses.
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6.3.2 Therapy Induced
Hyperthyroidism

Therapy-induced hyperthyroidism is a relatively
uncommon complication in childhood cancer
survivors; it occurs most often following external
beam radiation to the neck for Hodgkin lym-
phoma. The main risk factor is the exposure of
the thyroid to doses >35 Gy [54, 56]. Medical
treatment is determined individually depending
on the severity of the presentation.

6.3.3 Autoimmune Thyroid Disease

Autoimmune thyroid disease, most likely a result
of the adoptive transfer of abnormal clones of T
or B cells from donor to recipient, has been
reported in allogeneic HSCT recipients. Both
hyperthyroidism and hypothyroidism have been
described in the presence of TSH receptor auto-
antibodies and thyroglobulin auto-antibody
respectively [60, 61].

6.3.4 Thyroid Neoplasms

The exposure of the thyroid to either direct radi-
ation or scatter radiation (for example after pro-
phylactic CNS irradiation in patients treated for
ALL) is a significant risk factor for thyroid neo-
plasms, benign and malignant. Treatment before
10 years of age and/or with doses in the range of
20-29 Gy are significant risk factors. The asso-
ciation between thyroid irradiation and thyroid
neoplasms is linear at low doses of radiation,
but shows a downward turn at doses above
20-25 Gy, with a risk that remains, neverthe-
less, elevated compared to the general popula-
tion [62, 63]. The majority of the observed
cancers were differentiated carcinoma (ie, pap-
illary and follicular) with a median latency
around 20 years [54, 62, 64]. An increased risk
of thyroid cancer in association with chemother-
apy (independent of radiotherapy) was recently
reported but remains relatively minor compared
to the effect of radiation [63].
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In general, post-irradiation thyroid cancers
behave in a non-aggressive fashion, similar to
what is observed in de novo thyroid cancers
among the young [65]. The pathogenesis of
radiation-induced thyroid neoplasms is felt to be
be related to rearrangements of RET-PTC
induced by the exposure to radiation [66, 67].
Thyroid neoplasms following radiotherapy may
not become evident for many years after expo-
sure to radiation; therefore, all individuals at risk
require lifelong clinical follow-up by an expert
endocrinologist [54, 56, 65]. Periodically screen-
ing individuals at risk for the presence of clini-
cally non-palpable thyroid neoplasms using
thyroid ultrasound has been recommended by
some groups [68]. This strategy remains contro-
versial, as it may result in more frequent biopsies
and has not, so far, been shown to reduce morbid-
ity or mortality in this population [59].

6.4 Disorders of the Gonads

6.4.1 Males

The human testis harbors two functional com-
partments: A sex steroid-producing compart-
ment, and a sperm-producing compartment. The
former consists of testosterone-producing Leydig
cells while the latter consists of the seminiferous
tubules, which include germ cells as well as the
Sertoli cells that support and nurture them. The
two compartments are interrelated given that ade-
quate testosterone production is necessary for
normal spermatogenesis, but their functions oth-
erwise remain relatively distinct [69]. The two
functional compartments are affected in different
ways by cancer treatments.

6.4.1.1 Leydig Cell Dysfunction

Leydig cell failure and testosterone insufficiency
do not occur as frequently as germ dysfunction
and infertility in childhood cancer survivors.
Chemotherapy-induced Leydig cell failure
requiring testosterone replacement therapy is rare
[70, 71]. The deficit may be observed following
treatment with alkylating agent regimens with
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some reports indicating that from 10 to 57 % of
male subjects can develop elevated serum con-
centrations of LH following treatment [42, 71—
78]. When it does occur, chemotherapy-induced
Leydig cell dysfunction is generally subclinical
and does not reach levels that require substitution
with testoterone [9, 79, 80].

By contrast, Leydig cells are more vulnerable
to radiation-induced damage. The interpretation
of the specific impact of radiation on Leydig cell
function is confounded by the concurrent use of
chemotherapy and by the potential effects of the
malignancy itself. Leydig cell failure, neverthe-
less, occurs at doses of radiation higher than
those associated with germ cell dysfunction. The
likelihood of sustaining radiation-induced Leydig
cell failure is directly related to the dose deliv-
ered and inversely related to age at treatment
[81-83]. Normal amounts of testosterone are pro-
duced by the majority of males who receive
<20 Gy fractionated radiation to the testes [71].
A dose of >24 Gy of fractionated irradiation as
therapy for young males with testicular relapse of
ALL is associated with a very high risk for
Leydig cell dysfunction. The majority of boys
who are prepubertal at the time they receive
24 Gy testicular irradiation will develop Leydig
cell failure and require androgen replacement
[81]. Testicular doses in excess of 33 Gy have
been associated with Leydig cell failure in 50 %
of adolescent and young adult men [84].

In pre-pubertal boys, Leydig cell failure will
result in delayed/arrested puberty and lack of sec-
ondary sexual characteristics. In sexually mature
men, it can result in reduced libido, erectile dys-
function, decreased BMD, decreased muscle
mass and other metabolic disturbances [71].
Raised plasma concentrations of LH combined
with low levels of testosterone are characteristic
of Leydig cell dysfunction. Given that LH and tes-
tosterone levels are generally undetectable or very
low before the onset of puberty, it can be very dif-
ficult to assess or predict Leydig cell function in
the preadolescent male. Therefore, these labora-
tory markers cannot be used until the individual
has reached mid-adolescence. The treatment
relies on replacement therapy with testosterone.
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6.4.1.2 Germ Cell Dysfunction

With their high turnover rates, germ cells are
more vulnerable to cancer treatments than Leydig
cells; sperm production is frequently impaired by
radiotherapy and several types of chemotherapy.
Germ cell dysfunction with resultant infertility is
often associated with reduced testicular volume,
increased FSH concentrations, and reduced
plasma concentrations of inhibin B [85, 86].
However, for clinical purposes and counseling,
assessing male fertility requires obtaining a
sperm count as none of these aforementioned
surrogate markers has sufficient specificity or
sensitivity to predict outcome for an individual
subject [77, 87].

The chemotherapeutic agents most com-
monly associated with impaired male fertility
are alkylating agents. Impaired fertility occurs
in 40-60 % of young adult survivors of child-
hood cancer [77]. A high probability of oligo-
spermia, azoospermia and infertility is
associated with doses of cyclophosphamide
>20 g/m?. In contrast, many individuals treated
with a cumulative dose of 7.5-10 g/m? or less
retain normal sperm production [42, 77].
Procarbazine has also been shown to induce
impaired sperm production in a dose-dependent
fashion. Patients with Hodgkin lymphoma who
received three mechlorethamine, vincristine,
procarbazine, and prednisone (MOPP) cycles
alternating with three cycles of doxorubicin
hydrochloride, bleomycin, vinblastine, and
dacarbazine seemed to suffer less testicular
damage than patients who received 6 MOPP
cycles [74, 88]. Most of the young men treated
with the combination of busulfan and cyclo-
phosphamide in preparation for HSCT do appear
to sustain damage to their germinal epithelium,
with possible recovery for patients treated at
lower doses (120 mg/kg for cyclophosphamide
and 16 mg/kg for busulfan) [89, 90].

Impaired sperm production can occur at doses
of radiation as low as 0.15 Gy. If the dose is under
1-2 Gy, recovery is common. At doses >2 to
3 Gy, recovery of sperm production is rare [91].
Germ cell dysfunction is present in essentially all
males treated with TBI [92]. Given the high rate
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of impaired sperm production in survivors, sperm
banking should be offered to all adolescent males
prior to the initiation of cancer therapy, whenever
clinically feasible.

6.4.2 Females

In females, the estrogen producing cells and
oocytes are functionally and structurally interde-
pendent within the ovarian follicle. As a result,
when ovarian failure occurs, both sex hormone
production and fertility are disrupted [71]. Given
the progressive decline in oocyte reserve with
increasing age, older age is an important risk fac-
tor for ovarian failure following childhood cancer
and its treatments [71]. Owing to a greater fol-
licular reserve, the ovaries of prepubertal girls are
more resistant to chemotherapy-induced damage
when compared to the ovaries of adults [89, 93,
94]. Nevertheless, certain chemotherapeutic
agents, especially alkylating agents, given at high
doses can cause ovarian failure, even in younger
subjects [94-97]. Older age at treatment, expo-
sure to procarbazine at any age, and exposure to
cyclophosphamide between the ages of 13-20
years old were independent risk factors for acute
ovarian failure (AOF) [94]. Females who receive
high-dose myeloablative therapy with alkylating
agents such as busulfan, melphalan, and thiotepa
in preparation for HSCT are at high risk of devel-
oping ovarian failure [98]. The majority of prepu-
bertal girls and adolescents receiving standard
chemotherapy will fortunately maintain or
recover ovarian function during the immediate
post-treatment period [71, 99, 100]. In women
who do retain or recover function following treat-
ment with standard doses of alkylating agents, a
subset will experience premature menopause
when they reach their twenties and thirties [71,
76,95, 101, 102]. Female survivors with a history
of exposure to high doses of alkylating agents, to
lomustine or cyclophosphamide, were less likely
to experience a pregnancy when compared to sib-
ling controls [44]. When female childhood can-
cer survivors treated with chemotherapy do get
pregnant, no adverse pregnancy outcomes were
identified [103].

W. Chemaitilly

Females receiving abdominal, pelvic, or spinal
irradiation are at increased risk of ovarian failure,
especially if both ovaries were within the treat-
ment field [38, 95, 99, 104-108]. When ovarian
transposition is performed prior to radiotherapy,
however, ovarian function is retained in the
majority of young girls and adolescent females
[71, 109]. While radiation doses of 6 Gy may be
sufficient to produce irreversible ovarian damage
in women >40 years of age, doses in the range of
10-20 Gy are needed to induce permanent ovar-
ian failure in the majority of females treated dur-
ing childhood [104, 109]. Radiation doses to the
ovary >20 Gy were associated with the highest
rate of AOF (70 %) with higher rates in older
individuals (13-20 years old) when compared to
those who were younger (0—12 years old) at the
time of treatment [94]. Moreover, if radiation is
being given while in association with alkylating
agent chemotherapy, ovarian dysfunction may
occur despite the use of lower doses. Childhood
cancer survivors treated with radiotherapy doses
>5 Gy to the ovaries/uterus were less likely to
experience a pregnancy when compared to sib-
ling controls [44]. In a recent report, uterine and
ovarian doses of radiation >10 Gy significantly
increased the risk of stillbirth and neonatal
deaths—a risk that was increased even at doses of
1.00-2.49 Gy in girls treated before menarche
[110]. The outcome of ovarian function following
TBI appears to be determined to a large extent by
the age of the patient at the time of irradiation.
Approximately 50 % of prepubertal girls given
fractionated TBI will enter puberty spontane-
ously and achieve menarche at a normal age [83,
111]. Ovarian failure is seen in essentially all
patients who are greater than age 10 at the time
they are treated with TBI [111, 112]. Recovery of
ovarian function has, nevertheless, been docu-
mented in a small number of women who have
received TBI [92]. These women had increased
risks of miscarriage and premature delivery of
low birth weight infants. This can be due to the
uterine consequences of TBI [92, 112-115].

If ovarian function is lost prior to the onset of
puberty, it will result in delayed puberty and pri-
mary amenorrhea. If ovarian function is lost dur-
ing or after pubertal maturation, one generally
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observes arrested puberty, secondary amenor-
rhea, and menopausal symptoms (i.e., hot flashes,
vaginal dryness). Women who experience prema-
ture loss of estrogen production are also predis-
posed to developing osteoporosis and coronary
artery disease [116]. The loss of ovarian function
owing to exposure to cancer treatments can occur
either early (during or immediately following the
completion of treatment with so-called AOF),
or many years after the completion of cancer
therapy but prior to age 40 (so called prema-
ture menopause) [94, 95]. Increased plasma
concentrations of gonadotropins, especially FSH,
and reduced levels of estradiol are typically found
in the adolescent and young adult with ovarian
failure. These markers cannot be used in the
younger child, as gonadotropins are often normal
despite ovarian damage [93]. Anti-Mullerian
Hormone (AMH) has recently emerged as a
marker of follicular reserve within the ovaries
with promising applications in the counseling of
childhood cancer survivors in regards to their
reproductive potential as they reach adulthood
[117, 118]. The treatment of ovarian failure relies
on sex hormone replacement therapy.

6.5 Decreased Bone Density

and Risk of Osteoporosis

Childhood cancer survivors are at an increased
risk for osteopenia, osteoporosis, and fractures
[116, 119, 120]. There are three factors which
can potentially contribute to decreased BMD in
these individuals: (1) the primary disease itself
[121], (2) exposure to glucocorticoids and other
chemotherapeutic agents (such as methotrexate)
[119, 120, 122-124], and (3) hormonal deficien-
cies associated with cancer and its treatments (as
described earlier in the text) particularly GH defi-
ciency, and sex-hormone deficiencies [11, 116,
119, 120, 125]. Fractures were shown to occur in
<39 % of children during treatment for ALL
[126]. Although BMD improves after the com-
pletion of treatment, childhood cancer survivors
remain at an increased risk of osteopenia long-
term [120, 127]. Genetic predisposition (such as
CRHRI1 polymorphisms) may increase the risk of

85

low BMD, especially following exposure to glu-
cocorticoids or methotrexate [128].

Subjects deemed at high risk for the develop-
ment of osteoporosis should undergo periodic
bone density studies [120]. While dual energy
X-ray absorptiometry (DXA) remains the most
widely used tool for measuring bone mineral
density, its results should be interpreted accord-
ing to age, pubertal stage, and height in the pedi-
atric population using Z-scores, and not T-scores.
Failure to take these elements into account may
result in an over-diagnosis of osteoporosis during
childhood and adolescence [125, 129]. Age
adjusted Z-scores may also underestimate bone
mineral density in individuals with short stature;
the use of volumetric methods is then indicated
[130]. Preventive measures (for example, supple-
mentation with calcium and vitamin D, smoking
cessation, weight-bearing exercise) should be
encouraged in all individuals with low or border-
line bone mineral density. In addition, sex hor-
mone replacement therapy and GH replacement
are useful in improving BMD in subjects with
known deficiencies.

6.6 Overweight, Obesity, and
Disorders of Glucose

Homeostasis

Obesity and being overweight are often observed
in survivors of acute leukemia and various brain
tumors [131]. Risk factors for obesity include
cranial irradiation, female gender and exposure
to dexamethasone. Cranial radiotherapy >20 Gy,
especially in females treated at a young age (<4
years) was significantly associated with obesity
(i.e., BMI>30) [132, 133]. Genetic predisposi-
tion contributes to this risk [134, 135]. Other
risk factors include sedentary lifestyle [136]
and GH deficiency [137]. Premature adiposity
rebound, believed to be a predictor of adult obe-
sity, was also described in childhood ALL survi-
vors and may partly explain the increased risk
for obesity in patients treated at a very young
age (<5 years) [138].

Brain tumors developing near the sellar region
and their treatments (e.g., surgery, radiation) can
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disrupt hypothalamic and pituitary functions and
induce states of morbid “central” obesity [139,
140]. Hyperphagia, resulting from a hypotha-
lamic insult and increased parasympathetic tone
leading to hyperinsulinemia (the latter promoting
fat storage) have been suggested as a contribut-
ing factor to obesity in these patients. It is with
regards to that latter mechanism that treatment
with octreotide has been tried in a small number
of patients with hypothalamic obesity [140].
Dextroamphetamine has also been used with
some success in order to control weight gain in
patients with obesity related to hypothalamic
injury [141].

Childhood cancer survivors are at an increased
risk of developing diabetes mellitus. In a report
from the Childhood Cancer Survivor Study, sur-
vivors were almost twice as likely to report dia-
betes when compared to siblings. The main risk
factors detected in this study were exposure to
TBI, abdominal radiation and alkylating agents
[142]. Disorders of glucose homeostasis have
indeed been shown to occur in pediatric HSCT
recipients, especially those treated with TBI. The
primary abnormality seems to be increased resis-
tance to insulin [143-149]. In a more recent
report on survivors of childhood leukemia, cen-
tral leptin resistance in individuals treated with
cranial radiotherapy was described as a possible
mechanism for insulin resistance, in both obese
and non-obese individuals [150]. Further studies
are needed in order to further understand the
mechanisms related with these metabolic
derangements and the best way to treat them.

6.7 Conclusion

Endocrine sequelae are among the most common
late effects affecting childhood cancer survivors.
These complications involve multiple endocrine
systems and can have serious implications on the
individual’s long term health prospects. The
major risk factors include radiation therapy to
key endocrine organs and exposure to alkylating
agents. Early detection and treatment are key ele-
ments in improving the individual’s well being. It
is, therefore, very important for childhood cancer
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survivors to pursue long term medical follow up.
It is also very important for the medical providers
caring for this population to recognize these
complications, and to keep in mind that some of
the endocrine late effects may not manifest until
many years after the completion of all cancer
therapies.
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7.1 Introduction
Cardiotoxicity is a late effect of pediatric cancer
and its treatment that increases the risk of mor-
bidity and mortality. Cardiotoxicity may result
from a variety of antineoplastic therapies, includ-
ing independent or combined effects of chemo-
therapy and radiation therapy. A survey of 84
pediatric cardiology centers found that 12 % of
patients with cardiomyopathy (n=5,205) fol-
lowed at these centers have been treated for can-
cer during childhood or adolescence [1].
Childhood cancer survivors have a cumulative
incidence of approximately 75 % for a chronic
health condition within the first 30 years after diag-
nosis [2]. According to the latest 5-year estimates,
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the leading non-cancer-related cause of morbidity
and mortality in long-term survivors of childhood
cancer is cardiovascular-related disease [2-6].
Compared to the general population, survivors are
eight times as likely to die from cardiovascular-
related disease [7]. Compared to sibling controls,
they are also 15 times as likely to experience heart
failure (HF), more than ten times as likely to have
coronary artery disease, and more than nine times as
likely to have had a cerebrovascular accident during
the first 30 years after cancer diagnosis [5]. These
risks may persist and have been examined for up to
45 years beyond the end of treatment [8].

Late cardiotoxicity following anthracycline
therapy is mostly subclinical, often progressive,
potentially severe, and sometimes fatal [9]. More
than half of survivors have subclinical cardiac
abnormalities 5—10 years after chemotherapy [10—
12]. The association between anthracycline expo-
sure and the increased risk of death from cardiac
causes is highlighted by a retrospective study of
4,122 5-year survivors of childhood cancer in
France and the United Kingdom, which reported
the relative risk of death of 7.9 (95 % confidence
interval [CI], 2.3-31.3) after an average follow-up
of 27 years, when compared with the general pop-
ulation [6]. The British Childhood Cancer Survivor
Study of 17,981 5-year survivors of childhood
cancer also reported an increased risk of death
from cardiac causes (standardized mortality ratio:
2.3; 95 % CI, 1.3-3.9) after 45 years of follow-up
when compared with the general population [8].
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The frequency and risk factors of subclinical
cardiotoxicity in healthy survivors of childhood
cancer after anthracycline therapy have also been
studied in a systematic review of 25 studies [11].
The prevalence of subclinical cardiotoxicity,
defined as abnormal left ventricular (LV) systolic
function detected by echocardiography or radio-
nuclide angiocardiography varied between 0 and
57 %. Multivariate analysis found that a higher
cumulative dose of anthracycline, longer follow-
up time, mediastinal radiation, female sex, higher
individual dose rates, cancer diagnosis, and
age at diagnosis were all independent risk factors
for decreased LV systolic function and
increased LV afterload [11]. Additionally,
younger age of exposure (less than 5 years),
African—American race, trisomy 21, combina-
tion therapy (with cyclophosphamide or amsa-
crine), previous cardiac disease, hypertension,
and liver disease have also been associated with
increased risk of anthracycline-related card-
iotoxicity (Table 7.1) [11, 13, 14, 27]. Higher
cumulative doses of anthracyclines can place
children at risk for chronic cardiac compromise,
with a cumulative dose >300 mg/m? increasing
the risk of HF 11-fold compared to a dose
<300 mg/m? [28].

7.2  Pathophysiology:
Antineoplastic Agents
Associated with
Cardiotoxicity

7.2.1 Chemotherapeutics

Many pediatric patients with cancer receive che-
motherapeutic agents that have potentially car-
diotoxic effects. Anthracyclines are well known
for their cardiotoxicity, and alkylating agents,
such as cyclophosphamide, ifosfamide, cisplatin,
busulfan, and mitomycin, have also been associ-
ated with cardiotoxicity. Other agents reported to
have cardiac effects include vinca alkaloids, fluo-
rouracil, cytarabine, amsacrine, and asparaginase
and the newer agents—paclitaxel, trastuzumab,
etoposide, and teniposide (Table 7.2) [29].

N. Doshi et al.

7.2.1.1 Anthracyclines
Anthracycline-induced cardiotoxicity has been
recognized for over 40 years. Most long-term
pediatric cancer survivors received anthracyclines,
which are widely used to treat several solid tumors
and hematologic malignancies [13]. Despite their
wide use, the mechanism by which cardiotoxicity
occurs is not well understood, though the cause is
likely due to more than one variable.

Anthracyclines belong to the antineoplastic
antibiotic class that interferes with cell replication
by reacting with lipids, proteins, and nucleic
acids—resulting in lipid peroxidation, depletion
of sulfhydryl-containing peptides, and DNA dam-
age [18]. The cytotoxic action of anthracyclines
works through three major mechanisms [30]:

1. Inhibition of DNA and RNA synthesis by
intercalating between base pairs of the DNA/
RNA strand, thus preventing the replication of
rapidly growing cancer cells.

2. Inhibition of the topoisomerase II enzyme,
preventing supercoiled DNA from relaxing
and thus blocking DNA transcription and
replication.

3. Creation of iron-mediated, free-oxygen radicals
that damage the DNA and cell membranes.
The most commonly hypothesized mecha-

nism concerns the generation of free radicals and

superoxides, known as radical oxygen species

(ROS; Fig. 7.1) [31].

Cardiomyocytes have low levels of free radical
scavenging systems and a highly oxidative metab-
olism, making them more susceptible to injury by
this mechanism [21, 32]. Although the oxidative
effects of anthracyclines may not be limited to
cardiomyocytes, rapidly dividing intracardiac
non-muscle cells may be able to replace those lost
to apoptosis or necrosis leading to fibrous replace-
ment even though anthracyclines retard cardiac
fibroblast proliferation. Cardiomyocytes, which
divide very slowly, if at all, may not sufficiently
replace cells damaged during treatment [26].

The degree and progression of anthracycline-
related toxicity varies widely among individuals,
suggesting a genetic predisposition and the
presence of modifiable and non-modifiable risk
factors [26].
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Table 7.1 Risk factors for anthracycline-related cardiotoxicity

Risk Factor Comment References

Cumulative anthracycline dose ~ Cumulative doses >500 mg/m? are associated with ~ Lipshultz et al., 1991 [10];
significantly elevated long-term risk Krischer et al., 1997 [13];
Lipshultz et al., 1995 [14];
Lipshultz et al., 2005 [12];
van der Pal et al., 2010 [15]
Time after therapy Incidence of clinically important cardiotoxicity Lipshultz et al., 1991 [10];
increases progressively after therapy Lipshultz et al., 1995 [14];
Lipshultz et al., 2005 [12];
Lipshultz et al., 2010 [3]

Rate of anthracycline Prolonged administration to minimize circulating Lipshultz et al., 2002 [16];
administration dose may decrease toxicity; results are mixed Lipshultz et al., 2010 [3]
Individual anthracycline dose Higher individual doses are associated with Lipshultz et al., 1995 [14];
increased late cardiotoxicity, even when cumulative Lipshultz et al., 2005 [12];
doses are limited; no dose is risk-free Lipshultz et al., 2010 [17]
Type of anthracycline Liposomal encapsulated preparations may reduce Wouters et al., 2005 [18];
cardiotoxicity. Data on anthracycline analogues and Barry et al., 2007 [19]; Van
differences in cardiotoxicity are conflicting. Dalen et al., 2008 [20]
Radiation therapy Cumulative radiation dose >30 Gy; as little as 5 Gy ~ Giantris et al., 1998 [21];
increases the risk; before or concomitant with Adams et al., 2005 [22];
anthracycline treatment Lipshultz et al., 2010 [3];
van der Pal et al., 2010 [15]
Concomitant therapy Trastuzumab, cyclophosphamide, bleomycin, Giantris et al., 1998 [21];
vincristine, amsacrine, and mitoxantrone, among Barry et al., 2007 [19]

others, may increase susceptibility or toxicity.

Pre-existing cardiac risk factors Hypertension; ischemic, myocardial, and valvular ~ Barry et al., 2007 [19]
heart disease; prior cardiotoxic treatment

Personal health habits Smoking, alcohol consumption, energy drinks, Lipshultz et al., 2010 [3]
stimulants, prescription and illicit drugs
Comorbidities Diabetes, obesity, renal dysfunction, pulmonary Barry et al., 2007 [19];

disease, endocrinopathies, electrolyte and metabolic Lipshultz et al., 2010 [3];
abnormalities, sepsis, infection, pregnancy, viruses, Miller et al., 2010 [23];

elite athletic participation, low vitamin D levels Lipshultz et al., 2012 [24];

Landy et al., 2012 [25]
Age Both young and advanced age at treatment are Lipshultz et al., 1991 [10];
associated with elevated risk Lipshultz et al., 1995 [14];

Lipshultz et al., 2010 [3];
van der Pal et al., 2010 [15]

Sex Females are at greater risk than males Lipshultz et al., 1995 [14],
Lipshultz et al., 2010 [17]
Complementary therapies 38 % of Americans spend $34 billion on Lipshultz et al., 2010 [3]

nonscientific, alternative, or complementary
self-care therapies and medicines; more information
needs to be collected to assess risk

Additional factors Trisomy 21; African American ancestry Krischer et al., 1997 [13]
Adapted from Lipshultz SE, 2008 [26]; Reprinted with permission from BMJ Publishing Group Ltd

Three types of anthracycline-induced cardio- therapy. It may be characterized by transient elec-
toxicity have been described (Table 7.3). trophysiological abnormalities, a pericarditis-
Acute or sub-acute cardiotoxicity is a rare myocarditis syndrome, or acute LV dysfunction
form of cardiotoxicity that may occur immediately — occurring within a week of treatment [34]. Acute
after a single dose or a course of anthracycline changes during anthracycline infusion range from
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Table 7.2 Cardiotoxic effects of chemotherapeutic agents

Drug class/agent Adverse cardiac events

Anthracycline/anthraquinolones

Doxorubicin, Arrhythmias, pericarditis,
daunorubicin, myocarditis, HF, LV
epirubicin, idarubicin,  dysfunction
mitoxantrone

Alkylating Agents

Busulfan, cisplatin,
cyclophosphamide,
ifosfamide, mitomycin

Endomyocardial fibrosis,
pericarditis, cardiac
tamponade, ischemia, MI,
hypertension, myocarditis,
HF, and arrhythmias

Antimetabolites
Capecitabine, Ischemia, chest pain, MI, HF,
cytarabine, arrhythmias, pericarditis,

5-fluorouracil,
clofarabine, carmustine

pericardial effusions, and
hemodynamic abnormalities
Antimicrotubules
Etoposide, teniposide,
paclitaxel, vinca
alkaloids

Sinus bradycardia, angina,
hypotension or hypertension,
HF, ischemia, MI, arrhythmias,
conduction abnormalities
Biological agents

Alemtuzumab, Hemodynamic abnormalities,
bevacizumab, LV dysfunction, HF,
cetuximab, rituximab, thromboembolism,
trastuzumab angioedema, arrhythmias
Interleukins

Interleukin-2,
interferon-a,
denileukin

Hypotension, arrhythmias,
capillary leak syndrome,
ischemia, LV dysfunction,
coronary artery thrombosis
Tyrosine kinase inhibitors
Imatinib mesylate, HF, edema, pericardial
sorafenib, sunitinib, effusion, pericarditis,
dasatinib, relotinib, hypertension, arrhythmias,
gefitinib, lapatinib ischemia, prolonged QT
interval, chest pain
Miscellaneous
Asparaginase,
pentostatin, arsenic
trioxide, all-trans-
retinoic acid,
thalidomide,
lenalidomide

HF, hypotension, MI,
electrocardiographic changes,
pleural-pericardial effusion,
QT prolongation, peripheral
edema, bradycardia, ischemia,
edema, thromboembolism and
retinoic acid syndrome that
includes fever, respiratory
distress, weight gain, angina,
Torsades de Pointes

HF heart failure, LV left ventricular, MI myocardial
infarction
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Fig. 7.1 Proposed pathways of anthracycline-induced
cardiomyopathy. ROS reactive oxygen species, AIPI
anthracycline-induced iPLA, inhibition, iPLA2 indepen-
dent phospholipase A,, PLD phospholipase D. Adapted
from McHowat et al. 2004 [31]. Recreated with permis-
sion from American Society for Pharmacology and
Experimental Therapeutics

minor electrocardiographic abnormalities (non-
specific ST segment and T-wave changes and QTc
interval prolongation) to fatal arrhythmias, includ-
ing transient systolic LV dysfunction and poten-
tially fatal congestive HF [22, 35].

Early-onset chronic progressive cardiotoxicity
is characterized by depressed myocardial func-
tion after 1 week of treatment or within the first
year after treatment. The depression may persist
or progress even after therapy is discontinued and
may evolve into a chronic dilated cardiomyopa-
thy in adults or children, and also a restrictive
cardiomyopathy in children [27]. Early-onset
cardiotoxicity is likely related to cardiomyocyte
damage and death.

Late-onset chronic progressive cardiotoxicity
is marked by deteriorated myocardial function
occurring at least 1 year after completion of
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Table 7.3 Characteristics of the types of anthracycline-associated cardiotoxicity®

Characteristic
Onset

Acute cardiotoxicity
Within the first week of

anthracycline treatment

Risk factor dependence Unknown

Clinical features in adults  Transient depression of
myocardial contractility;
myocardial necrosis

(cTnT elevation); arrhythmia

Clinical features in Transient depression of

children myocardial contractility;
myocardial necrosis (cTnT
elevation); arrhythmia
Course Usually reversible

anthracycline is discontinued

Early onset, chronic
progressive cardiotoxicity

Late onset, chronic
progressive cardiotoxicity
<1 year after the completion
of anthracycline treatment

>1 year after the
completion of
anthracycline treatment

Yes Yes

Dilated cardiomyopathy; Dilated

arrhythmia cardiomyopathy;
arrhythmia

Restrictive cardiomyopathy ~ Restrictive

and/or dilated cardiomyopathy and/or

cardiomyopathy; arrhythmia dilated cardiomyopathy;
arrhythmia

Can be progressive Can be progressive

aPData are from Giantris et al. [21] and Grenier and Lipshultz [33]. Adapted from Adams et al. [22] Reprinted with per-

mission from John Wiley & Sons, Inc

anthracycline therapy [10, 36, 37]. This deterio-
ration has been attributed to impaired myocardial
growth, as reflected by an inappropriately small
increase in LV wall thickness in relation to
somatic growth; with this, the loss of cardiomyo-
cytes results in a progressively increased LV
afterload and reduced LV contractility. The
anthracycline-induced loss or damage to a criti-
cal number of cardiomyocytes might decrease
the number of residual myocardial cells required
to generate a normal myocardial mass, despite a
marked increase in the size of the remaining car-
diomyocytes [10]. Cardiomyocyte loss subse-
quently leads to LV wall thinning and, in some
cases, to progressive LV dilation [38]. Beyond
inadequate LV hypertrophy is the fact that many
residual cardiomyocytes have abnormal intracel-
lular structure and function that may persist and
affect cardiac structure, function, and outcome.
Cardiomyocyte mitochondrial structure and
function are particularly affected by anthracy-
cline exposure, and this may be persistent.

7.2.1.2 Alkylating Agents

Alkylating agents have also been associated with
cardiotoxicity (Table 7.2). Cyclophosphamide is
a non-cell-cycle-specific alkylating agent, and
part of the core of many pre-transplant condition-
ing regimens. Its metabolite forms DNA cross-

links between (during inter-strand cross linkages)
and within (during intra-strand cross linkages)
DNA strands to cause irreversible cell damage, or
celldeath. The pathogenesisofcyclophosphamide-
induced cardiotoxicity is not well understood,
but it is thought to involve direct endothelial
damage leading to leakage of plasma proteins
and erythrocytes. Abnormal LV wall thickness
from interstitial edema and hemorrhage may
reduce LV diastolic compliance, creating LV dia-
stolic dysfunction and presenting as restrictive
cardiomyopathy [39].

In contrast to anthracycline-induced cardio-
toxicity, high-dose cyclophosphamide can cause
an acute myopericarditis peaking at 2-3 weeks
after therapy and cardiac dysfunction indepen-
dent of cumulative dose [40]. Acute HF has been
reported as early as 1-3 weeks after administra-
tion [41, 42]. The total dose of cyclophosphamide
per course has been described as a risk factor
[40]. The combined incidence of symptomatic
cyclophosphamide-induced cardiotoxicity from
two studies [41, 42] was 22 %, and the incidence
of fatal cardiotoxicity was 11 % [40]. A total dose
greater than about 170 mg/kg over 4-7 days was
a risk factor for cardiotoxicity [40—42]. In 52
patients who had never received anthracycline
therapy, the overall incidence of symptomatic
cyclophosphamide-induced cardiomyopathy was
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25 %, and mortality was 12 % when the dose
exceeded 1.55 g/m? daily [40]. When the dose
was <1.55 g/m? daily, the incidence of symptom-
atic cardiotoxicity was 3 % with no mortality
[40]. Since younger children, have a relatively
higher body surface area, dosing of cyclophos-
phamide based on body surface area results in a
much lower relative dose, which may partially
explain the lower incidence and severity of
cyclophosphamide-induced cardiotoxicity in
younger children than that in adolescents and
adults [43].

7.2.1.3 Mediastinal Radiation

Radiation therapy has greatly improved survival
for children with Hodgkin’s disease and other
malignancies of the chest. Successes with
radiation therapy used either alone or in conjunc-
tion with other treatments have resulted in a
cohort of survivors of childhood cancers who are
subject to late complications from treatment, in
which the therapeutic benefit is offset by poten-
tially delayed cardiac effects.

Mediastinal radiation therapy has the potential
to damage any structure of the heart. This dam-
age may affect the heart valves, including valvu-
lar stenosis and regurgitation (primarily of the
aortic and mitral valves), injury to the endothe-
lium of the coronary arteries, fibrosis of the con-
duction system with subsequent arrhythmias or
heart block, acute or chronic involvement of the
pericardium, and interstitial fibrosis leading to
inflammation of the myocardium [44]. This pop-
ulation is specifically vulnerable to chronic peri-
cardial disease; premature coronary artery
disease and atherosclerosis (primarily of the left
anterior descending and right coronary arteries);
cardiomyopathy, including LV systolic and dia-
stolic function (restrictive cardiomyopathy) lead-
ing to HF; valvular disease; and conduction
abnormalities as described above, which can
appear years or even decades after treatment [45].

The means by which radiation produces ath-
erosclerosis are not well understood, but it is
likely that endothelial injury initiates the process
[46]. The generation of reactive oxygen species
and inflammation in response to endothelial
injury that decreases the availability of nitric
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oxide may also promote atherosclerosis [47].
Myocardial dysfunction after radiation is caused
by small-vessel ischemic disease and myocardial
fibrosis leading to restrictive cardiomyopathy.

Risk factors for radiation-associated heart
damage include: a mediastinal dose that includes
the heart of greater than 30 Gy, a dose-per-
fraction greater than 2 Gy, large amounts of irra-
diated heart, younger ages of exposure, cytotoxic
chemotherapy, endocrine therapy, trastuzumab
treatment, as well as the traditional risk factors
for heart disease such as diabetes, hypertension,
dyslipidemia, obesity, and smoking [48].
Radiation-associated atherosclerotic heart dis-
ease rarely occurs without other cardiovascular
risk factors [49].

Most data regarding the late cardiac effects of
radiation therapy are derived from experience
with survivors of Hodgkin’s disease and breast
cancer [46, 50]. Survivors of Hodgkin’s disease
and breast cancer survivors treated with radio-
therapy after mastectomy are among the best
studied populations for radiation-associated car-
diovascular disease and appear to be at high risk
for radiation-associated cardiovascular disease.
The relative risks range between 2.2 and 7.2 for
fatal cardiovascular events post-mediastinal irra-
diation for Hodgkin’s disease, and 1.0-2.2 after
irradiation for left-sided breast cancer. This
increased risk is life-long, yet the absolute risk
appears to increase with time since exposure.
Radiation-associated cardiovascular toxicity
may, in fact, be progressive. Hull and colleagues
analyzed data from 2,232 patients of all age
groups with Hodgkin’s disease. The relative risk
for death from acute myocardial infarction was
3.2, showing that patients younger than 20 years
of age who received high-dose radiation had the
highest relative risk and that risk decreased with
age at the time of radiation exposure, suggesting
the importance for earlier surveillance in those
exposed at young ages [46]. In another study of
1,474 Hodgkin’s disease survivors treated mostly
with radiation therapy, with or without adjunct
chemotherapy, hypercholesterolemia was identi-
fied as the most important independent risk factor
for the late development of coronary heart dis-
ease, suggesting that aggressive modification of
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coronary risk factors is warranted in patients who
have received mediastinal radiation therapy [51].

Although symptomatic heart disease occurs in
only about 5 % of patients within 10 years after
radiation treatment for Hodgkin’s disease, the
more striking data has come from asymptomatic
survivors [52]. Adams et al. assessed cardiovas-
cular status in 48 survivors of Hodgkin’s disease
(median time since the diagnosis of Hodgkin’s
disease was 14.3 years) who had received medi-
astinal radiation (median 40 Gy) with no symp-
tomatic heart disease at the time of evaluation
[53]. All but one patient had cardiac abnormali-
ties, including echocardiographic evidence of
restrictive cardiomyopathy (decreased LV dimen-
sion and mass without increased LV wall thick-
ness); 20 (42 %) had marked valvular defects; 36
(75 %) had conduction defects, including persis-
tent tachycardia and autonomic dysfunction; and
14 (30 %) had substantially reduced peak oxygen
uptake during the exercise, that could be a marker
of subclinical HF [53].

Heidenreich and colleagues evaluated 294
asymptomatic patients treated with at least 35 Gy
to the mediastinum for Hodgkin’s disease and
found that valvular disease was common and that
the incidence increased with time [54]. Compared
to patients within 10 years of treatment, patients
who had received radiation more than 20 years
before evaluation were more likely to have mild,
moderate, or severe aortic regurgitation (60 vs.
4 %), moderate or severe tricuspid regurgitation
(4 vs. 0 %), and aortic stenosis (16 vs. 0 %).
Mildly reduced LV fractional shortening (less
than 30 %) was significantly more prevalent than
in the Framingham Heart Study population (36
vs. 3 %). Furthermore, LV mass adjusted for age
and sex was lower in the patients treated for
Hodgkin’s disease [54]. Similar to the gradual
progressive nature of anthracycline-related car-
diac toxicity, which may remain latent for up to
20 years and is usually diagnosed by screening
for subclinical disease, radiation-related damage
may develop slowly, and patients who have vari-
ous degrees of damage may remain asymptom-
atic for years.

Late radiation-induced pericarditis can occur
months to years after mediastinal irradiation but
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currently has a very low incidence [53]. Most
cases of radiation-induced pericarditis and peri-
cardial effusion resolve spontaneously, usually
within 12—-18 months [55]. Surgery is not typi-
cally indicated for patients with occult constric-
tive pericarditis, and patients who have delayed
pericarditis rarely have symptomatic constric-
tion. Overall, patients with radiation-induced
pericarditis have a good prognosis.

7.3  Signs and Symptoms

Early cardiotoxic effects may include electrocar-
diographic abnormalities, arrhythmias, and evi-
dence of acute HF Electrocardiographic
abnormalities—which include nonspecific ST
segment and T-wave changes—decreased QRS
voltage, and prolongation of the QT interval, may
occur in up to 30 % of patients [56]. Sinus tachy-
cardia is the most common rhythm disturbance,
but tachyarrhythmias, including supraventricular,
junctional, and ventricular, have been reported.
Right and left bundle branch and atrioventricular
block have also been described [57]. Fortunately,
these electrocardiographic changes are transient
and are seldom a serious clinical problem. The
corrected QT interval should be monitored care-
fully, and if other antimicrobial, neurologic, or
gastrointestinal agents that may prolong the QT
interval are used, serial electrocardiograms must
be obtained. A prolonged QT interval may pre-
dispose to ventricular tachyarrhythmias, such as
Torsade de Pointes, a potentially life-threatening
clinical condition.

Other symptoms of acute cardiotoxicity
include: hypotension, hypertension, myocarditis,
pericarditis, cardiac tamponade, acute myocar-
dial infarction, acute HF, and cardiogenic shock.
Sub-acute cardiotoxicity may include acute HF,
pericarditis, or a fatal pericarditis-myocarditis
syndrome in very sporadic cases. This rare syn-
drome manifests as fever, acute pancarditis
(inflammation of the pericardium, myocardium,
and endocardium), and symptomatic HF, and
may be quickly fatal. The risk of developing
early anthracycline toxicity is also high in adults,
where risk factors include age over 70 years,
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prior mediastinal irradiation, abnormal ventricu-
lar function before therapy, a history of conges-
tive HF or myocardial infarction, and chronic
hypertension [58].

Children treated with anthracyclines or alkyl-
ating agents are also subject to acute congestive
HF. Younger age at treatment is a particular risk
factor. Heart failure is a progressive syndrome
caused by cardiovascular and non-cardiovascular
abnormalities and characterized by edema, respi-
ratory distress, growth failure, and exercise intol-
erance and accompanied by circulatory,
neurohormonal, and molecular derangements
[59]. Symptoms of acute HF vary by age and may
include tachypnea, respiratory distress, feeding
intolerance, diaphoresis, tachycardia, hepato-
splenomegaly, edema, ascites, jugular venous dis-
tension, cool extremities, fatigue, failure to thrive,
exercise intolerance, dizziness, and syncope.

Heart failure symptoms have been classified
in several ways to stratify patients by risk and to
better delineate treatment strategies, though these
classifications are not uniformly applied. The
New York Heart Association (NYHA) classifica-
tion [60], which is based on functional limita-
tions, is not applicable to most children and
infants. However, the Ross Heart Failure classifi-
cation [61], a modified version of the New York
Heart Association (NYHA) classification, and
the New York University Pediatric Heart Failure
Index (PHFI) [62] were designed to assess and
grade the severity of HF in this younger popula-
tion. When these three classifications were com-
pared in children undergoing surgery for
rheumatic valve disease, the PHFI correlated sta-
tistically significantly with electrocardiographic
(the Cardiothoracic and Sokolov indexes) and
most echocardiographic (end-systolic wall stress,
left atrium to aorta diameter, LV mass) markers,
and with the cardiomyopathy biomarker
NT-proBNP [63]. There were no correlations
between echocardiographic or biochemical
markers and the Ross and NYHA scoring sys-
tems [63]. None of these classification indices
have been validated as a surrogate clinical end-
point in large numbers of children with HF, and
have not been reported in children with cancer.

N. Doshi et al.

Pericardial effusions stemming from cancer
and its therapies are rare but are among the most
common causes of cardiac tamponade in chil-
dren. The pathophysiology includes altered vas-
cular permeability, an abrupt increase in
intrapericardial fluid or bleeding associated with
the inflammation of the pericardium, and lym-
phatic obstruction by mass effect. Under normal
conditions, with inspiration, negative intratho-
racic pressures increase systemic venous return
to the right heart, but an even greater volume of
blood is accommodated by the pulmonary vascu-
lar bed, which reduces left-sided output [64]. In
cardiac tamponade, as fluid accumulates, the rise
in pressure is transmitted across the myocardial
wall and decreases diastolic filling, resulting in a
greater reduction in cardiac output, in which case
emergent pericardiocentesis (draining of pericar-
dial effusion) is indicated, with or without surgi-
cal creation of a pericardial window.

Mediastinal radiation therapy commonly
affects the pericardium and may cause acute peri-
carditis and tamponade [65]. More acutely, elec-
trocardiographic changes, including T-wave
abnormalities and atrial arrhythmias, have been
reported in patients receiving mediastinal radia-
tion therapy [66].

As previously mentioned, early-onset cardio-
toxicity may persist or progress even after ther-
apy is discontinued and can evolve into a chronic
cardiomyopathy—which is defined as chronic
progressive or late-onset cardiotoxicity, appear-
ing years to decades after chemotherapy has been
completed [10, 12].

7.4 Current Pediatric Guidelines

7.4.1 Advanced Screening
and Management

Table 7.4 shows many of the common modalities
used for screening and monitoring cardiotoxicity
in pediatric cancer patients.

We have found a poor correlation between
echocardiographic measurements of LV sys-
tolic performance during treatment of childhood
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Table 7.4 Most commonly used methods for evaluating
and monitoring cardiotoxicity

Method
Echocardiography

Measure(s) of interest

Structure (LV wall thickness and
LV internal diameter)
* LV systolic function (fractional
shortening and ejection fraction)
e LV diastolic function (early and
atrial diastolic flow rate, E/A
flow ratio, isovolumic relaxation
time, strain)
* LV afterload (end-systolic wall
thickness)
* LV load independent contractility
(stress-velocity index)
Radionuclide angiography
LV structure (internal diameter
and volume)
e LV function (ejection fraction
and systolic and diastolic pattern
of motion)

Radionuclide .
ventriculography

Electrocardiograms ¢ Cardiac rhythm (arrhythmias)
» Conduction abnormalities
(QT intervals)

Stress test ¢ Pharmacologic using infusion of

(in combination angiotensin II or dobutamine
with above * Physiologic using treadmills and
methods) ergometer bicycles

Standard exercise ¢ Integrated results of cardiac and
pulmonary function and muscle

work capacity

Endomyocardial * Quantifies anatomic,

biopsy histopathologic, cardiac toxicity
Doppler * Velocity, strain, and strain rate
myocardial ¢ Myocardial function and

imaging perfusion evaluation
Cardiac magnetic

resonance imaging

Myocardial function and
perfusion evaluation

Blood cardiac biomarkers
Troponins * Cardiac injury, myocyte death

NT-proBNP e LV wall stress associated with

pressure and volume overload

high-risk acute lymphoblastic leukemia and the
presence of dead and dying cardiomyocytes, as
measured by blood cardiac troponin-T concentra-
tions [67]. Five years after receiving chemo-
therapy, these same children had statistically
significant correlations between the blood car-
diac troponin-T concentrations measured during
therapy and the echocardiographic measurements
of LV structure and function measured 5 years
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later; however, there was no significant relation
between the measures of LV systolic perfor-
mance during therapy with the echocardiographic
findings 5 years later [68]. This suggests that
blood concentrations of cardiac troponin-T dur-
ing therapy predict which survivors will have
normal or abnormal LV structure and function as
long-term survivors. This is not true for cardiac
function measurements during therapy. This
makes sense since many children who are acutely
ill during active treatment for leukemia have high
levels of circulating myocardial depressant cyto-
kines that may lead to depressed LV systolic per-
formance during therapy that is transient and not
associated with dead and dying cardiomyocytes.
If cardiomyocyte death or permanent impairment
has occurred during therapy in some children,
those children are more likely to have chronic
abnormalities of LV structure and function. The
same is true for abnormalities of heart rate, LV
preload, and LV afterload which may be abnor-
mal during active cancer and its treatments
including chemotherapy. These abnormalities of
heart rate and LV loading conditions lead to
changes in LV load-dependent contractility, the
intrinsic health of the cardiomyocyte, that may
not reflect intrinsic LV contractility [10, 27, 69].

However, the primary modality for clinical
cardiac surveillance has been cardiac ultrasound
(echocardiography). Subclinical cardiomyopathy
has been noted in up to 20 % of all children
receiving anthracycline chemotherapy, which is
likely to be an underestimate since we have found
more than 50 % of anthracycline treated children
have elevations of blood cardiac troponin-T dur-
ing therapy [67], but also not truly reflective of the
intrinsic health of the LV cardiomyocytes, given
that most large cohort studies have used measures
of LV systolic functional measures, such as LV
fractional shortening and biplane volume in their
primary assessment [70]. In their 2002 systematic
review, Kremer et al. reported that the frequency
of an abnormal LV fractional shortening, as a
measure of LV systolic function, varied across
studies from 0 % and 39.2 % [11]. When the
studies were divided into those with mean
anthracycline doses below or above 300 mg/m?,
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the percent abnormal increased: 0-15.2 % and
15.5-27.8 %, respectively. Additionally, studies
evaluating decreased LV systolic function with
measures of increased LV afterload in patients
receiving mean anthracycline doses below or
above 300 mg/m? also reported frequencies with
smaller ranges: 0 % and 19-52 %, respectively
[11]. In 2007, Ganame et al. reported that low-to-
moderate doses of anthracyclines induce acute
LV diastolic and systolic dysfunction [71].
Ventricular dysfunction was detected -earlier
using other measures of ventricular dysfunction
(wall stress, strain, and myocardial performance
index) earlier as compared to long-established
functional criteria, such as LV ejection fraction
[71]. These noninvasive ultrasound imaging tech-
niques have detected a higher frequency of LV
dysfunction, as defined by subclinical abnormali-
ties in regional wall motion in the acute and sub-
acute phases of therapy [71, 72]. In the late-effects
population, other ultrasound modes may detect
subclinical LV dysfunction in asymptomatic
patients who have “normal LV systolic function,”
as determined by traditional ultrasound imaging
[73]. However, there is a need to validate all car-
diac biomarkers, whether through measurements
made by cardiac imaging or blood biomarkers,
with clinically signficant endpoints before stating
that they have predictive value or should be used
for routine screening. Currently, only the blood
cardiac biomarkers, cardiac troponin-T and
NT-proBNP concentrations measured during
active chemotherapy have been validated as sur-
rogate endpoints for late cardiotoxicity in long-
term survivors [68]. For this reason, we questioned
nearly 20 years ago the utility of using measure-
ments of LV systolic performance to assign car-
diotoxicity classifications to children receiving
cancer chemotherapy and to use that as the basis
for withholding potentially lifesaving chemother-
apy in patients without clinical cardiac disease
[69]. Our concerns remain today.

Although monitoring and reducing other coro-
nary risk factors in patients who received medi-
astinal radiation should be part of the follow-up
of the late-effects population [24], the value of
routine noninvasive or invasive evaluation in
asymptomatic patients has not been determined
[69]. Further, those risk factors and interventions
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Table 7.5 Children’s oncology group guidelines for
cardiac evaluation of cancer survivors, by chemotherapy
and radiation exposure—presented but not endorsed by
the authors since these have not been validated

Frequency
Age at Chest Total anthra-  of cardiac
treatment  radiation cycline dose  evaluation
<1 year Yes Any Every year
No <200 mg/m*>  Every 2 years
>200 mg/m?>  Every year
1-4 years  Yes Any Every year
No <100 mg/m*>  Every 5 years
>100 to <300 Every 2 years
mg/m?
>300 mg/m*>  Every year
>S5 years Yes <300 mg/m*>  Every 2 years
>300 mg/m*>  Every year
No <200 mg/m*  Every 5 years
>200to 300  Every 2 years
mg/m?
>300 mg/m*>  Every year
From the Children’s Oncology Group Long-Term

Follow-Up Guidelines for Survivors of Childhood,
Adolescent and Young Adult Cancers, Version 3.0,
October 2008, used with permission [75]

targeted to reducing those risk factors may be
helpful but not sufficient to avert premature
symptomatic cardiovascular disease. That is
because the global cardiovascular risk is most
relevant and at this time we understand risk fac-
tors for conventional non-cancer related cardio-
vascular disease but we do not fully understand
the risk factors for premature cardiovascular
disease that may be unique to childhood cancer
and its treatments. It is the combined effect of
conventional and unique risk factors that incre-
mentally increases the risk of developing prema-
ture global symptomatic cardiovascular disease
in this population.

Among 108 adult survivors of Hodgkin’s dis-
ease evaluated at a mean of 168 months after irra-
diation, 12 patients (11 %) were found to have
cardiac disease [74]. Of these, six patients (6 %)
had constrictive pericarditis diagnosed using
catheterization, four of whom had a thickened
pericardium ascertained by echocardiography;
five patients (5 %) had abnormal LV contractility
by echocardiographic and angiographic tests.
Although the Children’s Oncology Group recom-
mends the use of serial echocardiography to moni-
tor cardiac status in this population (Table 7.5) [75],
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Fig.7.2 Stages in the course of pediatric ventricular dys-
function. A review of the stages in the course of pediatric
ventricular dysfunction that can be followed by echocar-
diographic measurements of LV structure and function in
conjunction with cardiac biomarkers that have been vali-
dated as surrogates for clinically significant cardiac end-
points. The identification of risk factors and high-risk
populations for ventricular dysfunction are highlighted

their guidelines do not capture the full spectrum of
potential cardiac risk factors [24, 69]. We present
those recommendations for the interested reader
but we do not endorse these recommendations
since they have not been validated.

Biomarker screenings are sometimes done in
conjunction with advanced cardiac ultrasound
imaging to monitor the different stages in the
course of pediatric ventricular dysfunction and
identify the stages where preventative or treat-
ment strategies may be most effective (Fig. 7.2).

Elevated serum cardiac troponin I (cTnl) lev-
els during and immediately after infusion are
associated with an increased incidence of sub-
clinical cardiotoxicity in adults [77]. For exam-
ple, the current standard for monitoring cardiac
function detects cardiotoxicity only after func-
tion has become impaired [78]. Additionally,

where their use may lead to preventive or early therapeutic
strategies; while the determination of etiology may lead to
etiology-specific therapies. The numbers 1-5 indicate
stage-related points of intervention for preventive and
therapeutic strategies and where biomarkers and surrogate
markers may be used. From Lipshultz and Wilkinson [76].
Reprinted with permission from Oxford University Press

serum levels of BNP have been elevated in
asymptomatic individuals treated with anthracy-
clines and have preceded overt HF in patients
undergoing a conditioning regimen for hemato-
poietic stem cell transplantation [79]. Biomarker
screenings are sometimes done in conjunction
with advanced cardiac ultrasound imaging. Of
122 asymptomatic long-term survivors of child-
hood cancer, 13 % had elevated NT-proBNP lev-
els that were significantly associated with a
cumulative anthracycline dose greater than
300 mg/m? and with an increased indexed LV
end-diastolic dimension [80]. Six other studies
reviewed by the same group also suggest that
BNP, NT-proBNP, and cTnl may be useful mark-
ers of early cardiotoxicity [81]. Furthermore,
Lipshultz et al. found a significant association
between elevated levels of cardiac troponin T
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(cTnT) and NT-proBNP and late echocardio-
graphic findings among survivors of childhood
high-risk acute lymphoblastic leukemia [68]. In
particular, during the first 90 days of therapy,
elevated serum levels of ¢TnT, which indicate
cardiomyocyte damage or death, were signifi-
cantly associated with decreased LV mass and
LV posterior wall thickness 4 years later.
Similarly, abnormal NT-proBNP levels during
the first 90 days of therapy were also associated
with abnormal LV thickness-to-dimension ratios
4 years later, which suggests pathologic LV
remodeling [68].

Exercise capacity in long-term survivors has
rarely been studied. One study showed that sub-
clinical cardiac dysfunction was associated with
reduced oxygen consumption at peak exercise
[82]. Another study, which compared maximal
myocardial oxygen consumption (Vo, .x, @ mea-
sure of exercise capacity, found that Vo, ., was
lower in survivors compared to sibling controls
[83]. Furthermore, in survivors, older age, higher
body fat, methotrexate exposure, and extreme
measures in LV mass and function were associ-
ated with lower Vo, ., [83].

7.4.2 Prevention

As discussed in a report from the Cardiovascular
Disease Task Force of the Children’s Oncology
Group, the long-term consequences of subclini-
cal cardiac dysfunction, including the rate of pro-
gression of asymptomatic LV dysfunction to
clinical HF, are not known [49]. Several studies
have reported that angiotensin-converting
enzyme (ACE) inhibitors reduce the incidence of
clinical HF in adults with subclinical ventricular
dysfunction [84]. More specific to the anthracy-
cline population, in 2006, Cardinale et al. found
that among adult cancer patients with elevated
cTnl levels immediately after anthracycline che-
motherapy, those who received early treatment
with an angiotensin converting-enzyme (ACE)
inhibitor called enalapril experienced less late
cardiotoxicity compared to the control patients
who did not receive the treatment. The incidence
of reduced LV ejection fraction was significantly
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higher in controls than in the enalapril group
(43 % versus 0 %; P<0.001) [78]. This cohort
was limited to short-term follow up and would
not be adequate, along with other factors, to
determine if it was applicable to reduction of late
effects in childhood cancer survivors.

Studies have considered the potential value of
ACE inhibitor therapy in children with cancer
and acute cardiotoxicity. The data are limited for
late clinically significant cardiovascular effects
as these children age. Lipshultz and colleagues,
in a study of the long-term effects of enalapril in
18 survivors of childhood cancer, noted that dur-
ing the first 6 years of therapy, LV dimension,
afterload, fractional shortening, and mass pro-
gressively improved toward normal, but deterio-
rated to the point of no longer having a statistically
significant beneficial effect between 6 and 10
years after the initiation of enalapril [16]. Mean
LV wall thickness deteriorated throughout the
study, as did LV contractility and systolic blood
pressures. After 6 years on ACE inhibitor ther-
apy, all 6 patients in congestive HF at the start of
therapy had either died or undergone heart trans-
plantation, suggesting that enalapril-induced
improvement in LV structure and function may
only be transient [16]. Silber and colleagues
compared enalapril to a placebo in a randomized
double-blind controlled trial of 135 long-term
survivors of childhood cancer with at least one
cardiac abnormality identified any time after
anthracycline exposure. Patients receiving enala-
pril did have reduced LV wall stress in the first
year after therapy, and the reduction was main-
tained over the 5-year study; however, treatment
did not influence exercise performance [85].

Treatment with ACE-inhibitor therapy has
been shown only to potentially delay, but not to
prevent, the progression of subclinical and clini-
cal cardiotoxicity in survivors [16]. This fact
emphasizes the importance of primary preven-
tion, including using lower cumulative doses of
anthracyclines, less cardiotoxic-anthracycline
analogues, and cardioprotective agents [18, 20].

Dexrazoxane, an iron chelator, is a cardiopro-
tective agent used in some adults who receive an
anthracycline as part of their cancer therapy. In a
randomized, double-blind study of 534 women



7 Cardiovascular System

0.45 4
0.40 -

8"z 0.35-

als

E o 030

[ 2o =1

5 & 0.25-

5§ 0.20 1

‘Eg . =

25 0.15- ! }

= . .

== 0.104 l I
0.0S—W

105

45—
[ N——

1 Ll 1

4 5 6 7 8

Time Since Random Assignment (months)

Fig. 7.3 Proportion of samples with detectable ¢TnT in
childhood cancer survivors by time since randomization.
Model-based estimated probability of having an increased
cardiac troponin T (cTnT) level at each depicted time
point in patients treated with doxorubicin, with or without
dexrazoxane. The doxorubicin-dexrazoxane group is indi-
cated by the blue line, the doxorubicin group by the gold

with advanced breast cancer, women who
received dexrazoxane with their chemotherapy
treatment were less likely to have changes in LV
ejection fraction or HF compared to those who
only received chemotherapy, demonstrating a
significant cardioprotective effect [86]. However,
only a few studies have examined this agent in
children with cancer [2, 17, 67, 87, 88]. Lipshultz
et al. found that children who were treated with
doxorubicin alone were more likely to have ele-
vated levels of cTnT than those who also received
dexrazoxane (Fig. 7.3) [67].

Furthermore, 5 years after completion of
doxorubicin treatment, the children who received
doxorubicin only continued to show worse than
normal LV structure and function, while those
who received dexrazoxane experienced continu-
ous cardioprotection and this was particularly
true for girls (Fig. 7.4) [17]. These and other
studies have found that dexrazoxane reduces the
risk of long-term cardiotoxicity, without affect-
ing anti-neoplastic efficiency [17, 67, 87, 88].

As previously discussed, doxorubicin-induced
cardiotoxicity is dose-dependent, and it was there-
fore speculated by clinicians that continuous infu-
sions would decrease the risk of toxicity by

line. Vertical bars show 95 % Cls. Increased cTnT is
defined as a value greater than 0.01 ng/mL. *P value ver-
sus dexrazoxane group <0.05; P value versus dexrazox-
ane group <0.001. An overall test for dexrazoxane effect
during treatment was significant (P <0.001) (Color figure
online). From Lipshultz et al. [68]. Reprinted with per-
mission from American Society of Clinical Oncology

decreasing peak plasma levels of doxorubicin.
However, a randomized study of children diag-
nosed with high-risk acute lymphoblastic leukemia
failed to demonstrate this cardioprotective effect of
continuous infusion, as opposed to bolus infusion,
of the anthracycline doxorubicin. In fact, the chil-
dren randomized to both continuous and bolus
infusions were equally at risk of subclinical mani-
festations of doxorubicin-cardiotoxicity [16, 8§9].
Mild cardiomyocyte injury from chemother-
apy may be more important in children than in
adults because of the need for cardiac growth to
match somatic growth and because survival is
longer in children. Prevention is an important
focus of research in this area, and recommenda-
tions are primarily on surveillance and clinical
assessment. Thus, further investigation is
essential, not only in determining the importance
of subclinical cardiotoxicity but also in determin-
ing the role of HF pharmacotherapy in treating
chemoradiation-induced cardiomyopathy.
Secondary prevention should aim to minimize
the progression of LV dysfunction to overt HF
(Fig. 7.2). Approaches include altering the dose,
schedule, or approach to drug delivery, using
analogs or new formulations with fewer or milder
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Fig. 7.4 Mean left ventricular echocardiographic Z
scores (n=134). Plots are adjusted for age and sex.
*P<0.05 for comparison of the mean Z score of the doxo-
rubicin plus dexrazoxane group with zero. {P<0.05 for
comparison of the mean Z score for the doxorubicin group

cardiotoxic effects, using cardioprotectants and
agents that reduce oxidative stress during chemo-
therapy, correcting for metabolic derangements
caused by chemotherapy that can potentiate the
cardiotoxic effects of the drug, and cardiac moni-
toring during and after cancer therapy.

7.5  Conclusion

Cardiotoxicity is one of the most important causes
of acute and chronic complications of cancer ther-
apy in children and adolescents. Three distinct
forms of cancer-therapy-induced cardiotoxicity
have been described: acute or sub-acute, chronic,
and late-onset. Cardiac morbidity and mortality
related to high-dose anthracycline chemotherapy
has been reported in up to 15 % of children with
cancer in the acute and subacute phase of their
initial therapy. In addition, cardiopulmonary disease
is the third leading late cause of death in childhood
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with zero. $P<0.05 for comparisons of mean Z scores
between the doxorubicin and doxorubicin plus dexrazox-
ane groups. From Lipshultz et al. [17]. Reprinted with
permission from Elsevier Ltd

cancer survivors. Cardiac biomarkers (i.e., BNP,
NT-proBNP, cTnT and cTnl), ultrasound imaging
of LV systolic and diastolic structure and func-
tion, and cardiopulmonary exercise testing (eval-
uating maximal oxygen uptake) have each been
useful in detecting cardiotoxicity in this popula-
tion. No comprehensive study has analyzed the
combined utility of these technologies in assess-
ing both early and late subclinical cardiotoxicity
in children with cancer. This is especially true for
subpopulations with a predisposition for cardio-
toxicity by the presence of either genetic or non-
genetic risk factors. In addition, several reports
indicate that early treatment of high-risk adults
undergoing chemotherapy with ACE inhibitors
has been useful in reducing short-term cardiotox-
icity. Treatment with ACE inhibitors may also be
useful in reducing adverse cardiac remodeling in
cancer patients with evidence of cardiomyopathy
but no study has demonstrated long-term cardio-
protection from ACE inhibitor therapy in this
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population. The value of HF pharmacotherapy in
treating children with acute or sub-acute, chronic,
and late-onset cardiotoxicity has not been well
studied but the causes may differ and etiology-
specific therapies are lacking. Many survivors
with cardiotoxicity have impaired mitochondrial
structure and function. For those survivors inotro-
pic therapies may hasten their demise so careful
monitoring of therapeutic effects in this popula-
tion is warranted.
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