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Late physical effects of childhood cancer survivors
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= Abstract =

Advances in research and medical and supportive care have contributed to a growing population of adults formerly treated
for childhood cancer. History of cancer and its therapy can have significant life-long health implications. Late effects of
cancer therapy can be insidious on onset, occur outside the pediatric age, and contribute to premature morbidity and
mortality. In this review, | have focused on the key long-term effects of pediatric cancer therapy, particularly on the metabolic
syndrome, including cardiopulmonary complications, infertility, and secondary neoplasm. (Korean J Pediatr 2010;53:477-480)
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Introduction

With recent advances in medical care, including co—
operative clinical trials and improved supportive care, there
has been a remarkable improvement in the overall survival
rates of children with cancer. Recently, the childhood
cancer survival rate is approximately 80%". Over time,
after the completion of their treatment, cancer survivors
are lesslikely to return to their initial cancer center for
follow—up examinations® P Childhood cancer survivors
frequently lack detailed knowledge of their prior diseases
do not undergo appropriate screening based on their prior
exposures and ongoing risks”. However, according to the
estimate of the Childhood Cancer Group in United States,
73% of childhood cancer survivors will develop at least 1
chronic physical health condition and 42% will develop a
severe, life—threatening, or disabling condition or die from
a chronic condition”. All childhood survivors should
therefore have regular medical checkups throughout their
lives. To provide effective care, a summary of treatments
and a list of possible late effects need to be provided to
survivors, their care—givers and primary health care pro-

viders once active cancer treatment has ceased.
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In Korea, standardized and organized treatment for
childhood cancer has been started from the late 1970s, and
approximately 1,200 children have been diagnosed with
cancer every year. We estimate that there are over 20,000
childhood cancer survivors alive today, with the prevalence
increasing to nearly 1 in 800 young adults aged 16—45
years. Therefore, physicians as well as survivors and their
families should have profound concerns regarding their
physical health and social adjustment. This review focuses
on the major long—term effects of pediatric cancer therapy,
such as metabolic syndrome, cardiopulmonary complica-

tions, infertility, and secondary neoplasm.

Metabolic syndrome

Recently, the classification systems correspond with
respect to the core components such as dyslipidemia,
hypertension, central obesity, and insulin resistance. These
could be important risk factors for developing cardio-
vascular diseases and type 2 diabetes mellitus. The most
recently proposed criteria for metabolic syndrome empha-
size the role ofcentral obesity and support the hypothesis
that visceral adipose tissue is causally associated with the

>9 In contrast with subcutaneous fat, visceral

syndrome
adipose tissue might directly lead to metabolic syndrome
because of its hyperlipolytic stateand the contribution of
excess free fatty acids to insulin resistance.

The increasing prevalence of obesity in the general
population probably contributes to the increased prevalence

of the metabolic syndrome in developed countries. At least
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25% of adults in the Americas and Europe have the
syndrome”, which is associated with a two—times in-
creased risk for cardiovascular events. It further raises the
risk for type 2 diabetes by about 5—fold”. Trimis et al”
found a 2—fold increased prevalence of the metabolic syn-
drome in patients treated with chemotherapy only and a 5—
fold increased prevalence in patients treated with chemo-
therapy and radiotherapy, in comparison with the normal
population. Otherinvestigators found metabolic syndrome is
prevalent in 12.6—39% of childhood cancer survivors'?. To
date, very limited studiesin Korea have focused on the
possible relationship between the treatment of childhood
cancer and an increased risk of developing metabolic

=13, Moreover, most of these studies only in-

syndrome
clude components of metabolic syndrome, such as obesity,
or endocrine abnormalities.

A possible explanation for the increased risk of metabolic
syndrome in cancer survivors might be a deficiency in
growth hormone (GH). Children and adults who are GH
deficient for other reasons are more likely to be obese.
Moreover, increased total cholesterol, low—density lipo-
protein (LDL)—cholesterol, apo—B, triglycerides and lipo-
protein (a) levels, and normal or decreased high—density
lipoprotein (HDL) —cholesterol and apo—A levels were

14-18)

found in GH deficient patients . In addition, increased

peripheral insulin resistance and impaired glucose tolerance

19 GH deficiency may

were observed in these participants
be caused by direct pituitary or hypothalamic damage re-
sulting from cranial irradiation. Hypothalamic damage may
be a potential cause of insensitivity for leptin, a hormone
involved in the regulation of appetite and metabolism.
Subsequently, insensitivity for leptin can, in itself, cause
obesity. GH deficiency could develop in survivors who had
been treated with chemotherapy only. This phenomenon
might be explained by the chemotherapy crossing the
blood—brain barrier in combination with individual sus-
ceptibility™.

Thyroid dysfunction has been described after chemo-
therapy and radiotherapy. Decreased effect of thyroid
hormone can cause increased levels of total cholesterol and
LDL—cholesterol and a possible change in HDL—cholesterol
owing to a change in metabolicclearance. In addition,
hypothyroidism may result in insulin resistance as well as
fatigue and loss of energy, contributing to the increase in
weight. Gonadal dysfunction has also been described mainly

after treatment with alkylating agents and gonadotoxic

drugs or radiotherapy?”. Gonadal hormone deficiency could
also induce obesity, which subsequently induces insulin
resistance and other components of the metabolic syn-
drome. Other factors of metabolic syndrome in long—term
survivors are reduced physical activity or a sedentary
lifestyle, which can contribute to obesity.

Therefore, the thorough and periodic investigations for
endocrine abnormalities in childhood cancer survivors are
essentialand very important for early prevention and treat-
ment of the metabolic syndrome as well as associated
sequelae. In addition, the treatment of metabolic syndrome
should include weight loss by increased physical activity

and an appropriate diet.

Cardiovascular effects

Cardiovascular disease can be a significant complication
after chemotherapy and radiotherapy. While the metabolic
syndrome could significantly increase the risk of cardio-
vascular disease in cancer survivors, most cardiovascular
damage is the result of direct effects of chemotherapy, such
as anthracyclines, or radiotherapy. The anthracyclines (e.g.,
doxorubicin, daunorubicin, idarubicin, epirubicin, etc.) are
some of the most commonly used and effective agents for
childhood cancers. Unfortunately, their effects upon the
myocardium can be harmful, asymptomatic, and progres-
sive. Cardiomyopathies may occur acutely or years after
exposure and have been reported at any dose, however, the
risk of congestive heart failure increases 11—fold at doses
over 300 mg/m®. The radiation delivered to the heart is also
a risk factor for late onset cardiac disease. The risk of dying
because of cardiac diseases was significantly higher in
individuals who received an average radiation dose that
exceeded 5 Gy to the heart. A linear relationship was found
between the average dose of radiation administered to the
heart and the risk of cardiac mortality®”. These results of
previous studies aimed at preventing anthracycline—induced
cardiotoxicity in children can only advise care providers to
monitor the cardiac function of children treated with
anthracyclines carefully. The use of the cardioprotectant

dexrazoxane may be justified in children if there is a high

risk of cardiac damagew.
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Pulmonary effects

The risk of pulmonary conditions is more than 3 times
higher in cancer survivors than in their siblings, as mani-
fested by pulmonary signs (abnormal chest wall growth),
symptoms (chronic cough, use of supplemental oxygen,or
exercise—induced shortness of breath), or specific dia-
gnoses (lung fibrosis, recurrent pneumonia, pleurisy, bron-
chitis, recurrent sinus infection, or tonsillitis). A number of
chemotherapeutic agents (e.g., bleomycin, carmustine, etc.)
together with radiation affect pulmonary function, usually
with a restrictive disease. The lungs are particularly
sensitive to radiation, and pulmonary problems occur most
often in patients with malignant diseases of the chest
treated with radiation. Clinically apparent pneumonitis with
cough, fever, or dyspnea generally occurs only in survivors
who received more than 30 Gy in standard fractions to
more than 50% of the lung. The lungs receive some radia-
tion even when they are not the target, such as in patients
with malignant brain tumors, and this exposure can con-
tribute to the development of lung disease, although these
patients are likely to have no symptoms during day—
to—day activities. Innovations in targeted radiation delivery
(e.g., conformal radiation) should further limit damage to
normal lung tissue. Although clinically apparent bleomycin
pneumopathy is most frequent in older adults, interstitial
pneumonitis and pulmonary fibrosis have been reported in
children. Usually, the abnormalities began within 3 months
of therapy and persisted or progressed. The alkylating
agents such as carmustine, cyclophosphamide, melphalan,

busulfan, and methotrexate have also been associated with

. " . . 24
chronic pneumonitis and fibrosis ),

Fertility effects

Fertility outcomes are generally effective for boys treat-
ed for leukemias and most solid tumors. Radiation to the
testes results in germinal loss with decrease in testicular
volume and sperm production, and increase in follicle—
stimulating hormone (FSH). Spermatogenesis can be re-
covered In patients treated with less than 3 or 4 Gy.
Radiation therapy may also be toxic to Leydig cells, which
results in delayed sexual maturation, at doses higher than

those that are toxic to germ (Sertoli) cells. After exposure
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to alkylating agents in prepubertal boys, normal pubertal
progression and normal adult levels of testosterone can be
expected. However, it is important to remember that
spontaneous progression through puberty does not equate

%) Therefore, when indicated, the

to normal fertility
assessment of male pubertal development and fertility
(semen analysis) is warranted.

Germ cell failure and loss of ovarian endocrine function
occur concomitantly in females. Most girls who receive
chemotherapy alone will retain their fertility. However,
they may be at increased risk of a premature menopause
and require hormone therapy. In contrast, after myelo-
ablative doses of alkylating agents, including busulfan and

cyclophosphamide, permanent ovarian failure can be ex-

pected at all ages%).

Secondary neoplasms

Among children treated for cancer, the cumulative in-
cidence of a subsequent neoplasm has been estimated to be
3=5% at 20 years from the original diagnosis, a 3— to 6—
fold increased risk over those without a history of
cancer?”. The more commonly reported second cancers in
childhood cancer survivors are breast, thyroid, and bone

cancers, and therapy-—related myelodysplasia and acute

myeloid leukemia®.

Conclusion

Childhood cancer survivors are vulnerable to adverse
health outcomes, which may not become apparent until
years after therapy. These events may manifest well in
adulthood when these individuals rarely return to their initial
cancer center or seek preventive medical care. Risk— based
follow—up can offer early detection and/or intervention and
provides an opportunity to reduce cancer—related morbidity

and mortality.
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