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KEY POINTS

� Endocrine late effects, including reproductive disorders, have been reported in up to 50%
of childhood cancer survivors (CCS).

� Radiation-induced hypothalamic-pituitary dysfunction may present several months or
many years after treatment, with multiple disorders appearing over time, growth hormone
deficiency being the most common deficiency.

� CCS who have been exposed to external radiation or meta-iodobenzylguanidine are at
risk for primary hypothyroidism, radiation thyroiditis, hyperthyroidism as well as benign
nodules and differentiated thyroid cancer.

� CCS with a history of total body irradiation, abdominal radiotherapy, cranial radiotherapy,
surgery to the hypothalamus, or corticosteroids are at increased risk for the development
of metabolic syndrome or its components.

� Skeletal abnormalities owing to bone toxicity is common in CCS. The spectrum ranges
from mild bone pain to debilitating osteonecrosis.
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Utrecht, the Netherlands; c Division of Endocrinology, St. Jude Children’s Research Hospital,
Memphis, TN, USA; d Division of Hematology/Oncology/BMT, Department of Pediatrics, Emory
University, Atlanta, GA, USA; e Department of Medicine, Memorial Sloan Kettering and Weill
Cornell Medical College, Memorial Sloan Kettering Cancer Center, 485 Lexington Avenue, 2nd
Floor, New York, NY 10017, USA; f Division of Endocrinology, Department of Pediatrics, The
Children’s Hospital of Philadelphia, Roberts Pediatric Clinical Research Building, 2716 South
Street, Philadelphia, PA 19146, USA; g Division of Oncology, Department of Pediatrics, The
Children’s Hospital of Philadelphia, Roberts Pediatric Clinical Research Building, 2716 South
Street, Philadelphia, PA 19146, USA
* Corresponding author. Department of Pediatric Endocrinology, Wilhelmina Children’s Hospi-
tal, UMCU, PO Box 85090, Utrecht 3505 AB, the Netherlands.
E-mail address: h.m.vansanten@umcutrecht.nl

Pediatr Clin N Am 67 (2020) 1171–1186
https://doi.org/10.1016/j.pcl.2020.08.002 pediatric.theclinics.com
0031-3955/20/ª 2020 The Author(s). Published by Elsevier Inc. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).

mailto:h.m.vansanten@umcutrecht.nl
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pcl.2020.08.002&domain=pdf
https://doi.org/10.1016/j.pcl.2020.08.002
http://pediatric.theclinics.com
http://creativecommons.org/licenses/by/4.0/


van Santen et al1172
INTRODUCTION

Endocrine late effects have been reported in up to 50% of childhood cancer survivors
(CCS) >5 years after treatment.1–4 Most endocrine disorders are amenable to treat-
ment; awareness of symptoms is therefore of great importance. Timely treatment of
endocrine disorders improves quality of life in CCS and may prevent possible conse-
quences, such as short stature, bone and cardiovascular disorders, and depression.
However, recognition of these symptoms may be delayed because many are nonspe-
cific. At-risk CCS must therefore be regularly monitored and systematically screened.
This article provides a summary of the most commonly reported endocrine late effects
in CCS, with the exception of late effects affecting the reproductive system, which are
described in a separate article.

HYPOTHALAMIC-PITUITARY DYSFUNCTION

CCS with tumors arising near the hypothalamic-pituitary (HP) region and those treated
with surgery or radiotherapy involving this region are at risk for HP dysfunction
(Table 1). HP dysfunction includes growth hormone (GH) deficiency, luteinizing hor-
mone (LH)/follicle stimulating hormone (FSH) deficiency, thyroid stimulating hormone
(TSH) deficiency, adrenocorticotrophic hormone (ACTH) deficiency, central preco-
cious puberty (CPP), hyperprolactinemia, and central diabetes insipidus (CDI).
Tumor and surgery involving the HP region are major risk factors for HP dysfunc-

tion.5 In this setting, multiple HP disorders, including CDI, may occur in the immediate
postoperative setting. By contrast, radiation-induced HP dysfunction frequently pre-
sents several months or years after treatment, with multiple disorders appearing
over time.
The reported prevalence of HP dysfunction depends on follow-up time, age, and

kind of CCS included in the studied cohort. In a large cohort of 3141 CCS with a me-
dian follow-up time of 24.1 years, prevalence of GH deficiency, TSH deficiency, LH/
FSH deficiency, ACTH deficiency, and CPP was 22.2%, 5.5%, 5.1%, 4.1%, and
1.1%, respectively, in all and 40.2%, 11.1%, 10.6%, 3.2%, and 0.9%, respectively,
among those treated with HP radiotherapy.2 As the cumulative incidence of
radiation-induced HP disorders increases with length of time in follow-up, at-risk
CCS require lifelong monitoring.3 CDI, which is reported in 2.6% of pediatric central
nervous system (CNS) tumors patients at time of diagnosis or after neurosurgery,
does not occur as a late effect.6

Growth Hormone Deficiency

GH is the most common HP deficiency following cranial radiation (CRT)7–9 (Fig. 1). The
likelihood of developing GH deficiency and a shortened time to onset is directly related
to radiation dose whereas inversely related to the number of fractions used to deliver
the radiation.10,11 GH deficiency has been reported after a single fraction of 10 Gy, has
been reported after fractioned doses of 12 Gy given as total body irradiation (TBI), and
is common after conformal radiotherapy used to treat CNS tumors.12 Likewise, GH
deficiency is seen after doses of 18 to 24 Gy used to treat acute leukemia.13 Treatment
before puberty, and especially at a younger age, may increase the risk for compro-
mised final adult height.13–16 Data on rates of GH deficiency after proton beam irradi-
ation are limited at this time.
GHdeficiency after traditional chemotherapy is unlikely; however, newer agents, such

as immune checkpoint inhibitors and tyrosine kinase inhibitors (TKI), appear to interfere
with normal growth.17–19 The checkpoint inhibitors have been associated with autoim-
mune hypophysitis.17,20 TKI may interfere with GH/insulin-like growth factor 1 (IGF-1)



Table 1
Radiotherapy-associated endocrine late effects

Radiotherapy Field Treated Conditions Possible Late Effects

Cranial, includes
� Whole brain
� Infratemporal
� Nasopharyngeal
� Orbital
� Waldeyer ring

CNS tumors
ALL with CNS disease
Nonbrain solid tumors:
� Rhabdomyosarcoma
� Nasopharyngeal carcinoma
� Retinoblastoma

Anterior pituitary disordersa

Obesity
Metabolic syndrome

Craniospinal Medulloblastoma
PNET

Anterior pituitary disordersa

Obesity
Short stature
Primary hypothyroidism
Hyperthyroidism
Thyroid nodules
Differentiated thyroid cancer
Premature ovarian insufficiency

Total body irradiation Conditioning for HSCT Growth hormone deficiency
Obesity
Short stature
Primary hypothyroidism
Hyperthyroidism
Thyroid nodules
Differentiated thyroid cancer
Premature ovarian insufficiency
Male germ cell failure
Decreased bone mineral density
Abnormal glucose metabolism
Metabolic syndrome

Neck, thorax,
mediastinum

� Neck
� Chest
� Lung
� Mantle
� Nasopharyngeal
� Oropharyngeal
� Supraclavicular

Hodgkin lymphoma
Solid tumor located within

field:
� Rhabdomyosarcoma
� Neuroblastoma
� Ewing sarcoma
� Nasopharyngeal carcinoma

Primary hypothyroidism
Hyperthyroidism
Thyroid nodules
Differentiated thyroid cancer

Abdominal, pelvic,
genitourinary, includes

� Flank or hemiabdomen
� Whole abdomen
� Inverted Y
� Bladder
� Vaginal
� Prostate, testes
� Iliac
� Inguinal, femoral

Hodgkin lymphoma
Solid tumor located within

field:
� Rhabdomyosarcoma
� Neuroblastoma
ALL

Premature ovarian insufficiency
Male germ cell failure
Leydig cell failure
Abnormal glucose metabolism

131I-MIBG Neuroblastoma Primary hypothyroidism
Thyroid nodules
Differentiated thyroid cancer
Premature ovarian insufficiency

Abbreviation: PNET, primitive neuroectodermal tumors.
a Includes GH, LH/FSH, TSH, and ACTH deficiency, CPP, and hyperprolactinemia.
Adapted from Chemaitilly W, Sklar CA. Childhood Cancer Treatments and Associated Endocrine

Late Effects: A Concise Guide for the Pediatric Endocrinologist. Horm Res Paediatr. 2019;91(2):74-
82. https://doi.org/10.1159/000493943; with permission.
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Fig. 1. Relative proportions and overlap among anterior pituitary deficiencies following cra-
nial radiotherapy for childhood cancer. ACTHD, adrenocorticotropic hormone deficiency;
GHD, growth hormone deficiency; TSHD, thyroid-stimulating hormone deficiency.3 (From
Chemaitilly W, Li Z, Huang S, et al. Anterior hypopituitarism in adult survivors of childhood
cancers treated with cranial radiotherapy: a report from the St Jude Lifetime Cohort study. J
Clin Oncol. 2015;33(5):492-500. https://doi.org/10.1200/JCO.2014.56.7933, p. 496.; with
permission.)
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signaling pathways or affect the growth plates.18,19,21 There is conflicting evidence
regarding catch-up growth in patients following treatment with TKIs.18,22,23

There are many causes of poor growth in CCS that are not associated with GH defi-
ciency. Poor nutrition, suboptimal body mass index (BMI), and long-term treatment
with glucocorticoids can cause transient decreases in growth velocity.24 Treatment
with cis-Retinoic acid is associated with short stature secondary to premature closure
of the growth plates and therefore is not amenable to GH treatment.25 Spinal radiation,
especially at young age, may result in disproportionate growth with deficits in the up-
per segment resulting in arm span being greater than standing height.14,26 Last, the
timing and velocity of puberty can complicate the interpretation of growth. GH defi-
ciency can be masked in children with early-onset puberty and seemingly normal
growth rate, often resulting in delayed diagnosis of GH deficiency.

https://doi.org/10.1200/JCO.2014.56.7933
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Screening for GH deficiency is done by measuring height, sitting height, weight, BMI
percentiles, and height velocity every 6 months and should be interpreted in light of
past height percentiles, mid–parental height, and Tanner stage. It is not recommended
to rely solely on serum IGF-1 levels in CCS exposed to HP axis radiotherapy to make
the diagnosis of GH deficiency.27 When GH deficiency is suspected, GH stimulation
tests must be done to confirm the diagnosis.
The risks and benefits of replacement therapy with human recombinant GH (hGH)

should be discussed with the family. It should be mentioned that hGHmay exacerbate
scoliosis and increase the risk for slipped capital femoral epiphysis. There is currently
no definitive evidence that the administration of hGH treatment increases the risk of
cancer recurrence or secondary neoplasms.28 Although the Childhood Cancer Survi-
vor Study reported a 2- to 3-fold increase in risk for subsequent neoplasms, other re-
ports suggest no significant increased risk for second cancers.28–34

GH replacement is typically delayed at least until 1 year after completion of cancer
therapy,27 although in children with low-grade neoplasms, such as craniopharyng-
ioma, there may be arguments to commence earlier. GH treatment regimens used
in the general population appear to also be appropriate for CCS.27 In CCS treated
with GH, height velocity will improve, but other factors, including end-organ resistance
owing to radiation damage, timing, and velocity of puberty and other concurrent endo-
crinopathies, may limit final height.35 Increased weight-to-height ratio, decreased lean
muscle mass, muscle weakness, poor exercise tolerance, and frailty have been
described in adult GH-deficient CCS,36 but the presence of these conditions is less
well documented in pediatric-aged CCS with GH deficiency. While treating with
hGH, it is prudent to maintain IGF-1 levels in the normal range for age, sex, and puber-
tal status.27 The risks and benefits of long-term GH replacement in adult CCS are not
well established and represent areas of active research.3

Luteinizing hormone/follicle stimulating hormone deficiency
Depending on the attained stage of puberty at the time of onset of LH/FSH deficiency,
survivors may present differently. Prepubertal children may present with pubertal
delay; peripubertal children may present with arrested puberty, and postpubertal sur-
vivors may present with signs of hypogonadism, such as secondary amenorrhea in
women and symptoms of androgen deficit (decreased libido and erectile dysfunction)
in men. Untreated, LH/FSH deficiency may have repercussions on bone health, car-
diovascular morbidity, and quality of life.37 Low or declining serum estradiol (women)
or morning testosterone (men) without elevation in LH levels is suggestive of the diag-
nosis. The treatment relies on sex-hormone replacement therapy.27

Thyroid stimulating hormone deficiency
Decreased or progressively declining serum free thyroxine (FT4) levels with low or
inappropriately normal TSH levels are suggestive of the diagnosis TSH deficiency.38

Untreated individuals may experience increased cardiovascular risk.38 Treatment re-
lies on replacement with levothyroxine.27

Adrenocorticotrophic hormone deficiency
Patients with ACTH deficiency may present with symptoms of adrenal insufficiency,
including fatigue and vulnerability to medical stressors. Untreated, ACTH deficiency
exposes survivors to the risk of adrenal crisis, which if not expeditiously managed
could lead to shock, hypoglycemia, seizures, and death.27 The diagnosis relies on
the measurement of a low cortisol level after stimulation with low-dose or high-dose
ACTH.39 Treatment requires replacement with hydrocortisone at maintenance doses
and stress dosing during illness.27



van Santen et al1176
Central precocious puberty
Increased intracranial pressure or neoplasms in the HP region are risk factors for
developing CPP. Children with CPP present with pubertal development and growth
acceleration before the age of 8 years in girls (breast development) and 9 years in
boys (testicular enlargement). Testicular volume enlargement may not be a reliable
sign in boys treated with gonadotoxic therapies, such as alkylating agents or testicular
radiotherapy,40 and growth acceleration may be lacking because of the presence of
GH deficiency. Untreated, CPP may lead to short stature and psychosocial adjust-
ment issues.41 The treatment relies on pubertal suppression using gonadotropic-
releasing hormone agonists.27

Hyperprolactinemia
Radiation-induced hyperprolactinemia is rarely symptomatic, and treatment of hyper-
prolactinemia for its suppressive effects on gonadotropins is almost never
necessary.42

Central diabetes insipidus
CDI is not considered a late effect of CCS but is most frequently present from the
outset or immediately after neurosurgery in patients with neoplasms near the HP re-
gion (craniopharyngioma, germinoma, Langerhans cell histiocytosis). Patients with
CDI present with polyuria and polydipsia owing to antidiuretic hormone deficiency.43

A small subset, with extensive hypothalamic injury, experiences loss of thirst sensa-
tion. Management relies on treatment with desmopressin and monitoring fluid intake
and output.43,44

THYROID DISORDERS

CCS, mainly those who have been exposed to radiation to a field including the thyroid
gland, are at increased risk for primary hypothyroidism, subclinical (compensated) hy-
pothyroidism, radiation thyroiditis, Graves hyperthyroidism followed by hypothyroid-
ism as well as benign nodules and differentiated thyroid cancer (DTC).45–48

Thyroid Dysfunction

Radiation to a field including the thyroid gland and treatment with 131I-meta-iodoben-
zylguanidine (MIBG) are the main risk factors for thyroid function disorders in CCS.49

Survivors of neuroblastoma and Hodgkin lymphoma have the highest rate of hypothy-
roidism, with a prevalence up to 50% and 32%, respectively.14,50 The risk for hypothy-
roidism increases with radiation dose, with 50% of CCS exposed to doses �45 Gy
developing hypothyroidism by 20 years of follow-up.51 Additional risk factors include
younger age at radiotherapy and female gender.
Some evidence suggests that chemotherapy may affect thyroid function52 (Table 2).

In a study of the Late Effects Surveillance System in Germany, thyroid disorders were
reported in survivors of sarcoma treated with chemotherapy alone.53 Thyroid disor-
ders have also been reported in up to 30% of survivors of hematopoietic stem cell
transplantation (HSCT) conditioned with chemotherapy alone.54 No difference was
found in risk to develop hypothyroidism between a TBI or busulphan-based regimen.
The BEAM (carmustine, etoposide, cytarabin and melphalan) combination used for
conditioning was associated with a higher prevalence of thyroid disorders when
compared with busulfan and fludarabine-based regimens.55

Immunotherapy, such as treatment with cytokines and check-point inhibitors, may
cause thyroiditis resulting in an increased or decreased thyroid function.56 Treatment
with TKIs may result in thyroid dysfunction probably because of thyroiditis, although



Table 2
Chemotherapeutic agents associated with endocrine late effects

Category Drug Possible Late Effects

Alkylating agents Busulfan
Carmustine
Chlorambucil
Cyclophosphamide
Dacarbazine
Ifosfamide
Lomustine
Mechlorethamine
Melphalan
Procarbazine
Temozolomide
Thiotepa

Premature ovarian insufficiency
Male germ cell failure
Leydig cell dysfunction (subclinical
mostly)

Primary hypothyroidism (busulfan)

Heavy metals Carboplatin
Cisplatin

Premature ovarian insufficiency
Male germ cell failure

Glucocorticoids Dexamethasone
Prednisone

Obesity
Decreased bone mineral density
Metabolic syndrome

Tyrosine kinase inhibitors Imatinib
Sorafenib
Sunitinib

Impaired linear growth
Primary hypothyroidism

Immunomodulator Interferon Autoimmune thyroiditis

Immune checkpoint
inhibitor–anti-CTLA4
monoclonal antibody

Ipilimumab Immune hypophysitis with anterior
pituitary disordersa

Autoimmune thyroiditis

Other Retinoic acid
Hedgehog pathway
inhibitor

Skeletal dysplasia–short stature

a Includes GH, LH/FSH, TSH, and ACTH deficiency.
Adapted from Chemaitilly W, Sklar CA. Childhood Cancer Treatments and Associated Endocrine

Late Effects: A Concise Guide for the Pediatric Endocrinologist. Horm Res Paediatr. 2019;91(2):74-
82. https://doi.org/10.1159/000493943; with permission.
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other mechanisms have been proposed.57 A transient period of thyrotoxicosis may
precede definitive hypothyroidism in individuals with thyroiditis. Effects of immuno-
therapy and TKIs are mainly seen in the first months after treatment.
Monitoring of thyroid function is recommended with yearly determination of TSH

and FT4 in all CCS whose thyroid was potentially exposed to radiotherapy or thera-
peutic 131I-MIBG.27 Persistently high concentrations of TSH may increase the risk
for thyroid nodules, but evidence is lacking in regards to an association with thyroid
cancer.58 In the case of hypothyroidism, it is recommended to replace thyroid hor-
mone using regimens similar to those used in noncancer populations. It is currently
not advised to screen thyroid function in CCS after treatment with chemotherapy
alone.58

Thyroid Neoplasia

CCS treated with radiation therapy that includes the thyroid gland or with 131I-MIBG
are at an increased risk of developing benign thyroid nodules and DTC.58–60 Neuro-
blastoma survivors who were treated with external beam irradiation to a field including
the thyroid gland have been shown to have an increased risk for DTC when compared

https://doi.org/10.1159/000493943
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with Hodgkin survivors.58,61 The risk for DTC is linear up to approximately 10 Gy, pla-
teaus between 10 and 30 Gy, and declines at higher radiation doses (Fig. 2).62

Because of the fact that DTC has been reported after thyroid radiation doses of less
than 1 Gy and in individuals who received doses exceeding 40 Gy, all CCS with thyroid
radiation exposure should be considered as having increased risk for DTC. Female
CCS seem to be at increased risk when compared with male CCS63; however, other
studies have reported no association with gender.58

Chemotherapy may increase the risk to develop thyroid cancer, although this has
not been consistently reported. In a pooled analysis of 4 studies, the relative risk for
DTC following treatment with anthracyclines was 4.5 (95% confidence interval [CI],
1.4–17.8) in nonirradiated patients.63 This finding has been confirmed in an updated
pooled analysis of 12 studies, in which exposure to chemotherapy was significantly
associated with thyroid cancer (see Fig. 2).62

DTC has an excellent prognosis. There is no evidence that DTC in CCS has a
different behavior or prognosis than sporadic DTC, although it may be argued that it
is favorable to diagnose DTC in CCS at an early stage.64,65 The workup for a thyroid
nodule possibly indicating DTC and treatment of DTC should be the same as in
non-CCS. An expert panel of the International Guideline Harmonization Group evalu-
ated evidence for the benefits and harms related to surveillance for DTC in CCS with
thyroid ultrasound versus neck palpation. It was recommended that survivors be
advised of the disadvantages (false negatives and subsequent unnecessary evalua-
tions) versus the advantages (early detection of DTC) of both surveillance modalities
and to decide by shared decision making between the health care provider and the
survivor if thyroid ultrasounds would be obtained.58

METABOLIC SYNDROME

Adults diagnosed with the metabolic syndrome have at least three of the following
criteria: elevated blood pressure, elevated fasting triglycerides, elevated fasting
glucose, low high-density lipoprotein cholesterol level, and increased waist circumfer-
ence and are at increased risk for cardiovascular morbidity. CCS with a history of TBI,
abdominal radiotherapy, CRT, surgery to the hypothalamus, or corticosteroids use are
Fig. 2. Relative risk to develop thyroid cancer after radiation and chemotherapy in CCS.
Category-specific relative risks for thyroid radiation dose for all data (solid circle) with
selected 95% CIs, for non-CCSS data (star) and CCSS data for those who were (open triangle)
or were not (open square) treated with chemotherapy, and the 4-parameter fitted dose-
response model to all data (solid line) and to non-CCSS data only (dash line). Display in-
cludes full range of doses.62 CCSS, childhood cancer survivor studies. (From Veiga LHS, Holm-
berg E, Anderson H, et al. Thyroid Cancer after Childhood Exposure to External Radiation:
An Updated Pooled Analysis of 12 Studies. Radiat. Res. 2016; 185: 473-484; with permission
ª 2020 Radiation Research Society.)
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at increased risk for the development of metabolic syndrome or its components. In
light of the risk for cardiovascular morbidity and early mortality among CCS,66–68

attention to the metabolic syndrome in this population is essential to high-quality care.
Evidence suggests that the prevalence of the metabolic syndrome is increased

among CCS, compared with the general population.69 In the St. Jude Lifetime Cohort
Study, 508 of 1598 (31.8%) CCS (median age 32.7 years) met criteria for metabolic
syndrome.70 The highest risk was among acute lymphoblastic leukemia (ALL) survi-
vors with a history of CRT. Among ALL survivors, individual metabolic late effects,
including obesity, insulin resistance, dyslipidemia, hypertension, and cardiovascular
events, have been reported.70,71 In an analysis of the Childhood Cancer Survivor
Study, CCS were more likely to take medications for hypertension (odds ratio [OR],
1.9; 95% CI, 1.6–2.2), dyslipidemia (OR, 1.6; 95% CI, 1.3–2.0), or diabetes (OR, 1.7;
95% CI, 1.2–2.3) than their siblings; however, they were not more likely to be obese
or to have the cardiovascular risk factor cluster. CCS at highest risk were those
who had a history of TBI or radiation to the chest or abdomen and also those who
were physically inactive or were older at the time of follow-up.72

Causes for the Metabolic Syndrome in Childhood Cancer Survivors

HP deficiencies and obesity caused by (neurosurgical) damage to the HP region in-
crease the risk for metabolic syndrome.73 Survivors of craniopharyngioma are espe-
cially at risk for hypothalamic obesity, because of destruction of the ventromedial
hypothalamus,74 which may induce severe hyperphagia. In addition, insulin resistance
may result from excess insulin secretion from the b cell of the pancreas because of
overactive vagal neural transmission.
Corticosteroids have been repeatedly implicated in the observed metabolic risk for

CCS. Acutely, corticosteroid administration may disturb glucose levels while causing
weight gain and height loss.75 Corticosteroids are also known to increase circulating
free fatty acids, resulting in dyslipidemia and inhibition of myocellular glucose trans-
port, increased gluconeogenesis and fatty acid synthesis, with decreased adiponectin
levels.76 Furthermore, corticosteroids can alter appetite regulation and have been re-
ported to result in decreased physical activity, both contributing to metabolic risk. The
metabolic impact of corticosteroids does not appear to end with discontinuation. A
recent retrospective analysis of 184 children with ALL found that weight gain and
height loss that occurred during the corticosteroid-containing reinduction phase per-
sisted throughout intensification, maintenance, and survivorship.77

Multiple chemotherapy agents, most notably heavy metals and alkylating agents,
have been associated with metabolic syndrome components.76

CCS with a history of TBI, radiation to the chest or abdomen, and CRT are at
increased risk for the metabolic syndrome.72 As noted above, GH deficiency following
CRT may be implicated in the observed metabolic risk in this setting. However, meta-
bolic syndrome and its components have also been described in survivors with a his-
tory of CRT without GH deficiency.78 Survivors with a history of exposure to abdominal
radiation were at 3.4-fold increased risk for diabetes when compared with siblings, af-
ter adjusting for BMI.79

TBI may cause the metabolic syndrome without obesity.80 In a large single-
institution study of 1885 one-year HSCT survivors (52% with a history of TBI), the
prevalence of cardiovascular risk factors was significantly higher among transplant re-
cipients, compared with community controls. Transplant recipients with a history of
TBI were at highest risk for cardiovascular risk factors.
Similar to thegeneral population,physical inactivityandpoor-qualitydietare significant

contributors to metabolic and cardiovascular risk among CCS.81 Subsequent studies
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have suggested that higher levels of physical activity and adherence to a Mediterranean
diet are associated with better cardiometabolic risk factor profiles in CCS.82,83

BONE TOXICITY IN CHILDHOOD CANCER SURVIVORS

Skeletal abnormalities owing to bone toxicity are common in CCS. The spectrum
ranges from mild bone pain to debilitating osteonecrosis (ON) and fractures.84 The
growing skeleton is particularly vulnerable to the effects of childhood cancer therapies
and complications that interfere with skeletal metabolism and result in muscle deficits
or poor muscle function. Musculoskeletal abnormalities can be recognized at the time
of cancer diagnosis and during treatment and/or persist as long-term sequelae after
treatment. Osteotoxic chemotherapy, prolonged treatment with glucocorticoids,
poor nutrition, vitamin D insufficiency, and poor muscle mass are recognized risk fac-
tors that contribute to bone pathologic condition during and after cancer therapy,
resulting in negative skeletal outcomes.85

ALL is associated with significant skeletal morbidity, including vertebral compres-
sion fractures, severe bone mineral density (BMD) deficit (BMD Z score � �2), and
ON.86 The prevalence of severe vertebral compression fractures in children with newly
diagnosed ALL is as high as 16% and associated with substantial risk for subsequent
vertebral as well as nonvertebral fractures during and after completion of ALL treat-
ment.87 Prolonged therapy with glucocorticoids can also result in ON that further con-
tributes to bone morbidity and altered quality of life. Although skeletal recovery in ALL
survivors is noted after completion of therapy, BMD deficits may still persist over years
depending on other chronic health conditions and lifestyle factors.88

The cause for BMD deficits in HSCT recipients may be due to the direct effect of leu-
kemia on bone structure or as a consequence of treatments including glucocorticoids
and transplant-related complications. Additional risk factors are TBI or CRT, young
age at treatment, graft-versus-host disease, GH deficiency, and LH/FSH deficiency.89

CCS treated with retinoids are at marked risk for reduced longitudinal bone growth,
abnormal osteoblast differentiation, and premature epiphyseal closure.25 Changes
in bone remodeling and hyperparathyroidism have recently been described in pediat-
ric patients treated with prolonged TKI.21

Recommendation for early detection of an abnormal BMD are inconsistent. An inter-
national guideline harmonization working group is developing an international guide-
line on this topic (www.ighg.org). If a diagnostic test is needed for bone health
assessment after childhood cancer therapy, dual-energy x-ray absorptiometry is rec-
ommended.90 Treatments for low BMD in CCS include treatment of hormonal defi-
ciencies, repletion of vitamin D deficiency, supplementation of poor calcium intake,
and consultation about the benefits of regular physical activity and deleterious effects
of smoking and alcohol consumption.91

Current treatment options for ON include analgesia, limited weight bearing, physical
therapy, and surgical procedures, including core decompression and/or joint replace-
ment.92 Alternative treatments have not shown clear benefits. Although treatment with
bisphosphonates contributes to pain improvement with a reduced requirement in oral
analgesia, their use has failed to demonstrate the prevention, destruction, and subse-
quent collapse in most affected weight-bearing joints, such as the hip joint.93

SUMMARY

Endocrine, metabolic, and bone disorders are frequent in CCS. Because recognition
of the symptoms of HP deficiency may be masked, the (pediatric) endocrinologist
should be part of the late-effects team for early recognition and treatment. CCS should

http://www.ighg.org
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be counseled on risk factors for bone and metabolic problems, and regular physical
activity and healthy diet should be encouraged. Active counseling regarding BMI
and timely treatment of HP disorders may improve quality of life of the survivors.
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