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Endocrine complications are highly prevalent in childhood cancer survivors. Approximately 50% of
survivors will experience at least one hormonal disorder over the course of their lives. Endocrine
complications often are observed in survivors previously treated with radiation to the head, neck,
or pelvis. We provide an overview the most common endocrine late effects seen in survivors,
including hypothalamic-pituitary dysfunction, primary thyroid dysfunction, obesity, diabetes
mellitus, metabolic syndrome, and decreased bone mineral density. Primary gonadal injury is
discussed elsewhere in this series. Given a variable latency interval, a systematic approach where
individuals are periodically screened on the basis of their risk factors can help to improve health
outcomes by prompt diagnosis and treatment of evolving endocrinopathies. These recommendations must be revised in the future given changes and improvements in cancer treatment over
time.
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INTRODUCTION

HP DYSFUNCTION

Endocrine complications are prevalent in childhood cancer survivors (CCSs), with 50% experiencing at least one hormonal disorder over the
course of their lives.1 Endocrine deﬁcits frequently appear as late effects in the years after
cancer treatment.2 Long-term follow-up data
demonstrate that endocrine late effects continue
to appear in adulthood3 at a signiﬁcantly higher
rate than in siblings4 and the general population.5 Additional data have revealed frequent
delays in the diagnosis and treatment of endocrine late effects,2 with potential repercussions
on general health.3
We provide an overview of the most common
endocrine late effects, including hypothalamicpituitary (HP) dysfunction, primary thyroid
dysfunction, obesity, diabetes mellitus (DM),
metabolic syndrome, and decreased bone mineral density (BMD). Sex hormone deﬁcits related to primary gonadal injury are reviewed
in the articles dedicated to reproductive
late effects in this series. Data that pertain
to risk factors, screening, and management
strategies are listed in Table 1. Screening recommendations were derived from the most
current version of the regularly updated Children’s Oncology Group long-term follow-up
guidelines.6

HP injury can result from the following conditions: growth hormone (GH) deﬁciency, central
precocious puberty (CPP), luteinizing hormone/
follicle-stimulating hormone (LH/FSH) deﬁciency
(hypogonadotropic hypogonadism), thyroidstimulating hormone (TSH) deﬁciency (central
hypothyroidism), and adrenocorticotropic hormone
(ACTH) deﬁciency (central adrenal insufﬁciency).
Central diabetes insipidus typically is caused by HP
damage from tumor growth and/or surgical resection and is seen in the ﬁrst weeks after intervention.
Central diabetes insipidus is not discussed in this
review because it does not occur as a late effect.15
The occurrence of HP dysfunction as a late
effect is primarily a result of radiotherapy.15,16 In
contrast to injury from tumor growth or surgery,
where patients frequently present with HP disorders from the onset, radiation-induced HP
disorders tend to appear sequentially in a dosedependent manner months to several decades
after radiation.3,15,16 At least one HP deﬁcit after
cranial radiotherapy was reported in 51% of
a cohort followed long term3 (Fig 1). Efforts to
eliminate unnecessary exposures, such as with
the abandonment of prophylactic CNS irradiation in acute lymphoblastic leukemia (ALL), or
to reduce scatter to normal tissue, such as with
the use of protons instead of photons, are likely
© 2018 by American Society of Clinical Oncology
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Table 1. Risk Factors and Management of Endocrine Late Effects of Childhood Cancers
Late Effect

Risk Factor

History/Physical*

Young age at diagnosis Interval growth
Height, weight
HP tumor or surgery
Growth rate
HP RT $ 18 Gy†
Sitting height or arm span
TBI $ 10 Gy one
(spinal RT)
fraction
Tanner stage
TBI $ 12 Gy
multifractions
TKI, anti–CTLA-4
mAb
CPP
Young age at diagnosis Interval growth and puberty
Tumor near HP
changes
region
Height, weight
Optic pathway
Growth velocity
glioma
Tanner stage
Hydrocephalus
HP RT $ 18 Gy
LH/FSHD
HP tumor or surgery
Puberty, sexual function,
HP RT $ 30 Gy†
menses
Anti–CTLA-4 mAb
Height, weight
Growth velocity
Tanner stage
TSHD
HP tumor or surgery
Hypothyroidism symptoms
HP $ 30 Gy†
Height, weight
Anti–CTLA-4 mAb
Growth rate
Failure to thrive Anorexia,
ACTHD
HP tumor or surgery
lethargy
HP $ 30 Gy†
Dehydration, hypotension
Anti–CTLA-4 mAb
Hyperprolactinemia HP tumor or surgery HP Galactorrhea, menses
$ 40 Gy
Tanner stage
Primary
Surgical resection
Hypothyroidism symptoms
hypothyroidism
Thyroid RT $ 10 Gy
Height, weight
Allogeneic HSCT
Growth rate
TKI
Tanner stage
Anti–CTLA-4 mAb,
interferon
Radioactive iodine, IMIBG
Autoimmune
Allogeneic HSCT
Hypothyroidism or
thyroid disease
Anti–CTLA-4 mAb,
hyperthyroidism
interferon
symptoms
Hyperthyroidism
Allogeneic HSCT
Hyperthyroidism symptoms
Thyroid RT $ 30 Gy
Height, weight
Anti–CTLA-4 mAb,
interferon
Diet, physical activity
Obesity
HP tumor or surgery
Height, weight
HP RT . 20 Gy
BMI
Glucocorticoids
DM
HSCT
Polyuria, polydipsia
TBI or abdominal RT
Height, weight
Glucocorticoids
BMI
Low BMD
Young age at diagnosis Diet, physical activity
Bone, skeletal pain
Leukemia
Fracture history Height,
HSCT 6 TBI
weight
Cranial RT
Glucocorticoids
GHD

Blood Test Screen*

Subsequent Test

Treatment

No laboratory tests; clinical
parameters used for screening

GH stimulation test

GH replacement

Morning testosterone‡

Bone age x-ray
Pelvic US
(females)§
GnRH or
GnRHa test

GnRHa

LH, FSH
Estradiol (females)
Morning testosterone (males)

Bone age x-ray
Pelvic US
(females)§

Sex hormone replacement

TSHk, free T4

8:00

Prolactin

—

TSH, free T4

—

Levothyroxine¶

TSH, free T4

TSH, free T4

ACTH stimulation
test

Levothyroxine¶

Hydrocortisone¶
Glucocorticoid stress
dose teaching
Antidopaminergics

AM

cortisol

—

Thyroperoxidase,
Depending on
thyroglobulin Ab
consequence (hyper or
TSH receptor Ab#
hypo)
TSH receptor Ab
b-blockers
Antithyroid agents

No laboratory tests; clinical
parameters used for screening

Fasting lipids,
glucose

Diet, exercise

Fasting glucose
HbA1c

Oral glucose
tolerance test

Diet, exercise
Medications as needed

DXA

25-Hydroxy
vitamin D

Diet/calcium, vitamin D,
exercise

NOTE. Recommendations were based on the Children’s Oncology Group Long-Term Follow-Up Guidelines for Survivors of Childhood, Adolescent, and Young Adult
Cancers Version 4.06 and additional resources.7-14
Abbreviations: Ab, antibody; ACTHD, adrenocorticotropic hormone deﬁciency; BMD, bone mineral density; BMI, body mass index; CPP, central precocious puberty;
DM, diabetes mellitus; DXA, duel-energy x-ray absorptiometry; GHD, growth hormone deﬁciency; GnRH, gonadotropin-releasing hormone; GnRHa, gonadotropinreleasing hormone agonist; HP, hypothalamic-pituitary; HbA1c, hemoglobin A1c; HSCT, hematopoietic stem-cell transplantation; I-MIBG, 131I-metaiodobenzylguanidine;
LH/FSHD, luteinizing hormone/follicle-stimulating hormone deﬁciency; mAb, monoclonal antibody; RT, radiotherapy; T4, thyroxine; TBI, total body irradiation; TKI,
tyrosine kinase inhibitor; TSHD, thyroid-stimulating hormone deﬁciency; US, ultrasound.
*Clinical and laboratory screening should be conducted at least every 6 months during childhood and then yearly or more frequently if clinically indicated.
†Condition may appear at a lower dose of RT with longer follow-up.
‡Males exposed to direct testicular radiotherapy and/or gonadotoxic chemotherapy.
§To measure uterine height in girls with discrepant clinical and laboratory data.
kTSH not useful for follow-up.
¶Evaluation for and treatment of ACTHD should always precede that of hypothyroidism in patients at risk for both conditions.
#In case of hyperthyroidism.

to modify the prevalence of HP dysfunction in survivors treated
more recently.17 Conventional chemotherapy agents have not
been shown consistently to cause HP dysfunction.18 HP deﬁcits
2154

have been reported in patients treated with the newer targeted
chemotherapy agents such as imatinib, a tyrosine kinase inhibitor
(TKI),7 and immune system modulators.8 Whether the deleterious
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GHD (n = 262)
LH/FSHD (n = 21)

TSHD
n = 55
ACTHD
n = 29

TSHD (n = 8)
ACTHD (n = 1)
(n = 26)
(n = 13)
(n = 3)

GHD
n = 336

(n = 2)
(n = 1)

LH/FSHD
n = 77

(n = 1)
(n = 10)
(n = 2)

but patients may not achieve their genetic potential because of other
factors, such as spinal25 irradiation, TBI,27 scoliosis, or direct growth
plate injury from agents such as cis-retinoic acid.28 Treatment with
hGH may improve cardiovascular risk factors, such as dyslipidemia,
and quality of life in adult CCSs similar to the non-CCS population,
but studies are lacking in children, and results are variable and
limited.29,30 Long-term data from the Childhood Cancer Survivor
Study have suggested no signiﬁcant association between hGH and
recurrence of the primary cancer.31 Data on the association between
hGH and secondary neoplasia are conﬂicting,31,32 and more studies
are needed.

(n = 6)
(n = 1)
(n = 14)

Fig 1. Overlap among anterior pituitary deﬁciencies after cranial radiotherapy.
ACTHD, adrenocorticotropic hormone deﬁciency; GHD, growth hormone deﬁciency; LH/FSHD, luteinizing hormone/follicle-stimulating hormone deﬁciency;
TSHD, thyroid-stimulating hormone deﬁciency. Reproduced with permission.3
Copyright © 2015 American Society of Clinical Oncology.

effects of these newer targeted agents are reversible after their
discontinuation has yet to be fully elucidated.

GH Deficiency
GH deﬁciency is the most common pituitary hormone deﬁcit
in CCSs with a reported prevalence of 12.5% overall15 and 46.5%
after HP radiotherapy.3 An increased likelihood and earlier development of GH deﬁciency are directly related to radiation dose
and inversely related to the number of fractions.19 GH deﬁciency
frequently develops after HP radiotherapy doses $ 30 Gy3,20 but
can develop after 18 to 24 Gy, doses that have been used to treat
ALL and lymphoma.21 GH deﬁciency also is reported after lower
doses with a single fraction of 10 Gy and fractionated doses of 12 to
18 Gy when administered as total body irradiation (TBI) in the
context of hematopoietic stem cell transplantation (HSCT).22 Although the development of GH deﬁciency after chemotherapy
alone18 is controversial, autoimmune hypophysitis that results in GH
deﬁciency is increasingly recognized with the use of the immune
checkpoint inhibitor ipilimumab (an anti–CTLA-4 monoclonal
antibody).8 Imatinib mesylate, a TKI used in the treatment of
children with certain forms of leukemia, impairs growth, but
whether the mechanism is through GH deﬁciency, GH resistance,23
or skeletal toxicity is unclear.24
GH deﬁciency should be suspected when linear growth failure
(height trajectory that crosses to lower percentile lines) or lack of
growth acceleration during puberty are seen after ruling out
hypogonadism, hypothyroidism, inadequate nutritional intake, or
excess glucocorticoid exposure. Measuring the sitting height or
determining the ratio of upper to lower segment are helpful to rule
out poor spinal growth after radiation.25 Insulin-like growth factor I
levels are not always low in the context of radiation-induced GH
deﬁciency and should not be used to screen patients at risk.26 When
GH deﬁciency is suspected, a referral to a pediatric endocrinologist is
indicated for additional evaluation with stimulation testing.
Replacement with recombinant human GH (hGH) results in
a signiﬁcant improvement in height in children with GH deﬁciency,
jco.org

CPP
CPP is the onset of puberty before 8 years (girls) or 9 years
(boys) of age as a result of the activation of the HP-gonadal axis.33
Left untreated, CPP may result in psychosocial dysfunction and
short stature.34 Up to 15.2% of CNS tumor survivors have been
reported to experience CPP.15,34 The prevalence is even higher
(30%) in children with a history of tumors near the HP region.34,35
Other risk factors include the exposure of the HP region to radiotherapy at doses of 18 to 50 Gy and increased intracranial
pressure.15,34-36
The diagnosis of CPP follows the same steps as in the nonCCS population,9,33 with two exceptions. First, the clinical diagnosis of puberty in boys treated with gonadotoxic modalities (eg,
direct testicular radiotherapy, alkylating agent chemotherapy)
should rely on ﬁndings other than testicular volume (eg, phallic
enlargement, pubarche, scrotal thinning) because patients may
have inappropriately small testes as a result of germ cell and Sertoli
cell depletion and yet still be able to produce testosterone.37
Additional conﬁrmation should be sought by measuring morning plasma testosterone levels. Second, CPP and GH deﬁciency
have been shown to co-occur frequently in CCSs; thus, growth
velocity assessment should be interpreted with this association in
mind because delays in the diagnosis and treatment of either
condition can result in irreversible losses in ﬁnal height.34 The ﬁrst
line of therapy is a gonadotropin-releasing hormone agonist.
The timing of discontinuation of pubertal suppression needs to
be individualized, but treatment after 12 years of age rarely is
indicated.9
LH/FSH Deficiency
Patients with LH/FSH deﬁciency experience a lack of gonadal
sex hormones (estrogen, progesterone in females; testosterone in
males) because of lack of stimulation of the gonads by the HP axis.
Children and adolescents may present with pubertal delay (absence
of pubertal development past the ages of 13 [girls] or 14 [boys]
years).10 Later in life, manifestations include arrested puberty,
primary or secondary amenorrhea, or symptoms related to low
testosterone or estrogen levels. The prevalence of LH/FSH deﬁciency was reported at 6.5% in CCSs overall38 and 11% after HP
radiotherapy.3 The main risk factors of LH/FSH deﬁciency are HP
tumor, surgery, or radiotherapy at doses $ 30 Gy within or near the
HP region.3,39 Association with doses of 20 to 29 Gy was reported
in cohorts with an extended duration of follow-up.3,34
The diagnosis of LH/FSH deﬁciency in CCSs follows the same
guidelines as in the non-CCS population.10,11 Lower-than-normal
© 2018 by American Society of Clinical Oncology
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levels of sex hormones that coincide with low or inappropriately
normal levels of LH and/or FSH are generally suggestive of LH/FSH
deﬁciency.10,11 Hyperprolactinemia, a known complication of
high-dose HP irradiation, should be ruled out as a possible cause.39
Treatment relies on sex hormone replacement therapy.10,11 Although hypogonadism is known to decrease the risk of secondary
breast cancer in female CCSs treated with chest irradiation, recent
reports have shown that full replacement with estrogen and
progesterone either had no effect40 or resulted in a moderately
increased risk that nevertheless remained lower (hazard ratio, 0.47;
95% CI, 0.23 to 0.94) than that of CCSs without hypogonadism
who underwent chest irradiation.41 Prescribers should be aware of
drug interactions between estrogen and antiepileptic drugs as well
as other hormone replacement therapies (GH, levothyroxine) and
plan appropriately for monitoring and dosage adjustment.11 Adult
CCSs with hypogonadism should be encouraged to consult with
fertility specialists with regard to reproductive options.12,13

TSH Deficiency
Individuals with TSH deﬁciency experience hypothyroidism
because of lack of stimulation of the thyroid by the HP axis.
Presentation may include fatigue, slow linear growth, and/or abnormal weight gain. Rates of TSH deﬁciency have been reported at
7.5% to 9.2% in survivors of childhood brain tumors and those
exposed to HP radiotherapy.1,3,15 Risk factors include tumors or
surgery in the HP region and HP radiation doses $ 30 Gy.3,15,16
Longer time since treatment and the presence of other central
endocrinopathies increase the likelihood of TSH deﬁciency.3,35
Low, normal, or marginally elevated plasma TSH levels in
association with low free thyroxine (T4) levels generally suggest
TSH deﬁciency.11 Treatment with levothyroxine should target free
T4 levels in the mid to upper half of the normal range for age, and
TSH values should not be used to adjust doses.11,14 The addition of
antiepileptic drugs, estrogens, and/or glucocorticoids may require
adjustments in levothyroxine doses.11 The adrenal axis should be
evaluated in patients at risk for central endocrinopathies before
beginning thyroid hormone replacement lest the thyroid supplementation precipitate adrenal insufﬁciency.11
ACTH Deficiency
Individuals with ACTH deﬁciency have insufﬁcient cortisol
secretion because of inadequate stimulation of the adrenal cortex
by the HP axis. Aldosterone production typically is preserved.
Presentation may include fatigue, weight loss, and/or low blood
glucose levels. Patients are at risk for adrenal crisis in times of
signiﬁcant physical illness.11 Estimates of the prevalence of ACTH
deﬁciency in CCSs have varied widely partly because of the use of
different testing modalities. The 5-year cumulative incidence of
ACTH deﬁciency has been reported at 2.9% in a cohort of CNS
tumor survivors.15 Risk factors for ACTH deﬁciency include tumor
growth and/or surgery that involved the HP region as well as HP
radiation doses $ 30 Gy.3 Longer time since treatment and the
presence of other central endocrinopathies increase the likelihood
of ACTH deﬁciency.3,42 Subclinical forms of ACTH deﬁciency have
been reported in individuals treated with imatinib, but the clinical
implications of this observation are unclear.7
2156

At-risk patients should be screened by assessing their symptoms and with annual measurement of an 8:00 AM plasma
cortisol level. Values , 83 nmol/L (3 mg/dL) suggest ACTH deﬁciency, whereas values . 413 nmol/L (15 mg/dL) indicate normal
ACTH-adrenal function.11 Conﬁrmatory testing may include
low- (1 mg) or high- (250 mg) dose ACTH stimulation or insulin
tolerance testing.11,42 Treatment of ACTH deﬁciency includes
daily replacement of glucocorticoids to mimic normal physiologic production, additional oral steroids at times of mild to
moderate illness, and parenteral steroids during severe illness.
Medical alert identiﬁcation information should be carried or
worn to notify emergency personnel of the need for rapid steroid
treatment.11
PRIMARY THYROID DYSFUNCTION

Thyroid disorders are among the most common endocrine sequelae after treatment of childhood cancer.4 CCSs are at risk for the
development of hypothyroidism and hyperthyroidism as well as for
thyroid neoplasia (reviewed elsewhere in this series).
Primary hypothyroidism is one of the most frequently observed late effects in CCSs; its prevalence has been reported at
13.8% to 20.8% in the overall population of survivors (Fig 2).1,2,4,43
The highest incidence was reported in survivors of Hodgkin
lymphoma after neck irradiation . 45 Gy, with up to 50% diagnosed after 20 years of follow-up.43 Patients treated with craniospinal radiotherapy represent another high-risk population.16
Treatment with 131I-metaiodobenzylguanidine can cause primary
hypothyroidism because of radionuclide uptake in the thyroid
gland. Thyroid protection through potassium iodide; perchlorate;
or the combination of potassium iodide, T4, and a thiamazole
decreases but does not entirely eliminate the risk of 131 Imetaiodobenzylguanidine–induced hypothyroidism.44 Conventional chemotherapy agents, especially busulphan and cyclophosphamide, are associated with transient and often mild forms
of hypothyroidism.18 More recently, hypothyroidism has been
recognized as among the most common adverse effects of TKIs,
especially sorafenib, sunitinib, and imatinib.7 The precise mechanism of TKI-induced hypothyroidism is unknown. A subset of
CCSs may experience hypothyroidism as a consequence of autoimmune thyroid disease, which has been reported after HSCT and
likely is due to the transfer of autoimmunity from the graft donor.45 It may occur as an adverse effect of treatment with immune
system modulators, such as interferon and anti–CTLA-4 monoclonal antibodies (ipilimumab, tremelimumab, nivolumab, and
pembrolizumab).8 Hyperthyroidism is signiﬁcantly less common
than hypothyroidism in CCSs; it can present after neck or craniospinal irradiation (Fig 2) and in patients with autoimmune
thyroid disease.4,43
Patients at risk for primary thyroid dysfunction should be
screened by assessing their symptoms and measuring plasma free
T4 and TSH levels at least yearly (Table 1). Screening with thyroid
autoantibody titers is not advised because the development of
hypothyroidism or hyperthyroidism cannot be predicted on the
basis of the presence or absence of these antibodies. However, these
can be used to investigate the etiology of hypo- or hyperthyroidism
further. Patients administered targeted therapies should be screened
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Fig 2. Cumulative incidence of thyroid disorders. (A) Underactive thyroid and (B) overactive thyroid in survivors stratiﬁed by treatment exposure. Thin lines represent 95%
CIs. *P , .01 for comparison versus the non–high-risk exposure group. HP, hypothalamic pituitary. Reproduced with permission.4 Copyright © 2016 American Society of
Clinical Oncology.

per their treatment protocols.7 Treatment of hypothyroidism with
levothyroxine is indicated for lowered free T4 values in combination
with elevated TSH values, after evaluation of the adrenal axis in
patients who also are at risk for adrenal insufﬁciency.11 The beneﬁt
of treatment of compensated (subclinical) hypothyroidism (ie, elevated TSH accompanied by normal free T4 values) remains
controversial; normalization of TSH may decrease the growth of
thyroid nodules in at-risk patients, although data are inconsistent.46
Management of persistent and symptomatic hyperthyroidism follows similar steps as with hyperthyroidism as a result of Graves
disease, with the understanding that it is frequently transient.45

OBESITY, DM, AND METABOLIC SYNDROME

The risks of obesity and DM are signiﬁcantly higher in CCSs than
in their siblings.4 Metabolic syndrome, a constellation of cardiovascular (hypertension) and metabolic (obesity, abnormal glucose
metabolism, and dyslipidemia) abnormalities associated with
cardiovascular mortality, also has been shown to affect a sizeable
proportion of CCSs (31.8%) and at a higher rate than in the general
population of adults younger than 40 years of age (18.3%).47,48
Patients with hypothalamic injury as a result of tumor or
surgical resection are at the highest risk for obesity, which can be
severe (hypothalamic obesity).49 Survivors of childhood ALL
represent another high-risk group because of treatment with
cranial radiation and high-dose glucocorticoids. Up to 46% of ALL
survivors have been reported to be obese at 10 years of follow-up.50
Patients treated with HSCT have higher-than-expected rates of
abnormal glucose metabolism, independently from obesity.51 The
prevalence of insulin resistance and DM in HSCT recipients has
been reported at 52%52 and 5%,53 respectively. Treatment with
TBI, decreased lean mass (sarcopenia),54,55 and atypical body fat
distribution may explain the prevalence of abnormal glucose
metabolism after HSCT.56 Longitudinal follow-up data from young
HSCT survivors have suggested an increase in the prevalence
of metabolic syndrome/cardiovascular risk over time (10.6% at
jco.org

5 years of follow-up to 28.4% at 10 years), especially among those
treated with cranial radiotherapy in addition to TBI.57 Abdominal
radiotherapy also has been associated with an increased risk of
glucose intolerance and DM in survivors of solid tumors.58,59
Annual screening for overweight and obesity is recommended
by using height, weight, and body mass index measurements.
Fasting blood glucose or hemoglobin A1c at least every 2 years is
recommended to screen for DM in CCSs treated with abdominal
radiotherapy or TBI, regardless of body mass index.59 Treatments
of hypothalamic obesity have included octreotide,49 diazoxide,60
amphetamine derivatives,61 glucagon-like peptide 1 receptor agonists,62 and bariatric surgery,63 but data on long-term efﬁcacy are
lacking. Physical activity may prevent additional deterioration of
metabolic control55; the risk/beneﬁt ratio of pharmacotherapy (eg,
metformin) is unknown in CCSs.64

LOW BMD

The prevalence of low BMD has been reported at 9% to 18% in
general cohorts of CCSs.1,2 High-risk groups include survivors of
pediatric ALL, CNS tumors, and HSCT.65-67 Several factors contribute to poor bone acquisition and alterations in bone resorption
in CCSs, including the following: the direct impact of cancer
diagnosis (eg, leukemia) on the skeleton, glucocorticoid treatment,
osteotoxic chemotherapy, and radiation as well as comorbid
conditions such as treatment-induced endocrine deﬁcits (eg, GH
deﬁciency, hypogonadism), malnutrition, physical impairment,
and reduced muscle strength.66,67 Adverse skeletal growth outcomes have more recently been reported in individuals treated with
retinoid derivatives28 and with TKIs such as imatinib, sunitinib,
dasatinib, and vandetanib7; additional data are needed to better
understand and address the detrimental effects of these agents on
the developing skeleton.
Dual-energy x-ray absorptiometry (DXA) is recommended
for bone health assessment after childhood cancer therapy.68 The
BMD of shorter individuals and those with pubertal delay may be
© 2018 by American Society of Clinical Oncology

Downloaded from ascopubs.org by Utrecht University Library on February 26, 2019 from 143.121.237.084
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.

2157

Chemaitilly et al

underestimated by DXA.69 A single DXA measurement alone is
insufﬁcient to dictate the initiation of speciﬁc therapeutic interventions, and emphasis should be placed on fracture history,
risk factors, and BMD changes over time.70 Treatment for low
BMD includes prompt recognition and treatment of hormonal
deﬁciencies, repletion of vitamin D insufﬁciency/deﬁciency, and
supplementation of poor calcium intake. Furthermore, CCSs
should be counseled about the beneﬁts of regular physical activity
on bone remodeling and the deleterious effects of smoking and
alcohol consumption.71
In conclusion, endocrine complications are among the
most common late effects in CCSs. Given a variable latency interval, a systematic approach where individuals are periodically
screened on the basis of their risk factors can help to improve
health outcomes by prompt diagnosis and treatment of evolving endocrinopathies. Changes and improvements in cancer
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33. Carel JC, Léger J: Clinical practice. Precocious
puberty. N Engl J Med 358:2366-2377, 2008
34. Chemaitilly W, Merchant TE, Li Z, et al: Central
precocious puberty following the diagnosis and
treatment of paediatric cancer and central nervous
system tumours: Presentation and long-term outcomes. Clin Endocrinol (Oxf) 84:361-371, 2016
35. Gan HW, Phipps K, Aquilina K, et al: Neuroendocrine morbidity after pediatric optic gliomas: A
longitudinal analysis of 166 children over 30 years.
J Clin Endocrinol Metab 100:3787-3799, 2015

© 2018 by American Society of Clinical Oncology

Downloaded from ascopubs.org by Utrecht University Library on February 26, 2019 from 143.121.237.084
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.

JOURNAL OF CLINICAL ONCOLOGY

Endocrine Late Effects of Childhood Cancer

36. Trivin C, Couto-Silva AC, Sainte-Rose C, et al:
Presentation and evolution of organic central precocious puberty according to the type of CNS lesion.
Clin Endocrinol (Oxf) 65:239-245, 2006
37. Sklar CA, Robison LL, Nesbit ME, et al: Effects
of radiation on testicular function in long-term survivors of childhood acute lymphoblastic leukemia: A
report from the Children Cancer Study Group. J Clin
Oncol 8:1981-1987, 1990
38. Brignardello E, Felicetti F, Castiglione A, et al:
Gonadal status in long-term male survivors of childhood cancer. J Cancer Res Clin Oncol 142:
1127-1132, 2016
39. Constine LS, Woolf PD, Cann D, et al:
Hypothalamic-pituitary dysfunction after radiation for
brain tumors. N Engl J Med 328:87-94, 1993
40. Krul IM, Opstal-van Winden AWJ, Aleman
BMP, et al: Breast cancer risk after radiation therapy
for Hodgkin lymphoma: Inﬂuence of gonadal hormone exposure. Int J Radiat Oncol Biol Phys 99:
843-853, 2017
41. Moskowitz CS, Chou JF, Sklar CA, et al:
Radiation-associated breast cancer and gonadal hormone exposure: A report from the Childhood Cancer
Survivor Study. Br J Cancer 117:290-299, 2017
42. Patterson BC, Truxillo L, Wasilewski-Masker
K, et al: Adrenal function testing in pediatric cancer
survivors. Pediatr Blood Cancer 53:1302-1307, 2009
43. Sklar C, Whitton J, Mertens A, et al: Abnormalities of the thyroid in survivors of Hodgkin’s
disease: Data from the Childhood Cancer Survivor
Study. J Clin Endocrinol Metab 85:3227-3232, 2000
44. Clement SC, van Rijn RR, van Eck-Smit BL,
et al: Long-term efﬁcacy of current thyroid prophylaxis and future perspectives on thyroid protection during 131I-metaiodobenzylguanidine treatment
in children with neuroblastoma. Eur J Nucl Med Mol
Imaging 42:706-715, 2015
45. Sklar C, Boulad F, Small T, et al: Endocrine
complications of pediatric stem cell transplantation.
Front Biosci 6:G17-G22, 2001
46. Murphy ED, Scanlon EF, Garces RM, et al:
Thyroid hormone administration in irradiated patients. J Surg Oncol 31:214-217, 1986
47. Smith WA, Li C, Nottage KA, et al: Lifestyle
and metabolic syndrome in adult survivors of childhood cancer: A report from the St. Jude Lifetime
Cohort Study. Cancer 120:2742-2750, 2014
48. Aguilar M, Bhuket T, Torres S, et al: Prevalence of the metabolic syndrome in the United
States, 2003-2012. JAMA 313:1973-1974, 2015

49. Lustig RH, Hinds PS, Ringwald-Smith K, et al:
Octreotide therapy of pediatric hypothalamic obesity:
A double-blind, placebo-controlled trial. J Clin Endocrinol Metab 88:2586-2592, 2003
50. Zhang FF, Kelly MJ, Saltzman E, et al: Obesity
in pediatric ALL survivors: A meta-analysis. Pediatrics
133:e704-e715, 2014
51. Neville KA, Cohn RJ, Steinbeck KS, et al:
Hyperinsulinemia, impaired glucose tolerance, and
diabetes mellitus in survivors of childhood cancer:
Prevalence and risk factors. J Clin Endocrinol Metab
91:4401-4407, 2006
52. Taskinen M, Saarinen-Pihkala UM, Hovi L,
et al: Impaired glucose tolerance and dyslipidaemia
as late effects after bone-marrow transplantation in
childhood. Lancet 356:993-997, 2000
53. Hoffmeister PA, Storer BE, Sanders JE: Diabetes mellitus in long-term survivors of pediatric
hematopoietic cell transplantation. J Pediatr Hematol
Oncol 26:81-90, 2004
54. Mostouﬁ-Moab S, Ginsberg JP, Bunin N, et al:
Body composition abnormalities in long-term survivors of pediatric hematopoietic stem cell transplantation. J Pediatr 160:122-128, 2012
55. Slater ME, Steinberger J, Ross JA, et al:
Physical activity, ﬁtness, and cardiometabolic risk
factors in adult survivors of childhood cancer with
a history of hematopoietic cell transplantation. Biol
Blood Marrow Transplant 21:1278-1283, 2015
56. Wei C, Thyagiarajan MS, Hunt LP, et al: Reduced insulin sensitivity in childhood survivors of
haematopoietic stem cell transplantation is associated with lipodystropic and sarcopenic phenotypes.
Pediatr Blood Cancer 62:1992-1999, 2015
57. Friedman DN, Hilden P, Moskowitz CS, et al:
Cardiovascular risk factors in survivors of childhood
hematopoietic cell transplantation treated with total
body irradiation: A longitudinal analysis. Biol Blood
Marrow Transplant 23:475-482, 2017
58. Cohen LE, Gordon JH, Popovsky EY, et al:
Late effects in children treated with intensive multimodal therapy for high-risk neuroblastoma: High
incidence of endocrine and growth problems. Bone
Marrow Transplant 49:502-508, 2014
59. Meacham LR, Sklar CA, Li S, et al: Diabetes
mellitus in long-term survivors of childhood cancer.
Increased risk associated with radiation therapy: A
report for the Childhood Cancer Survivor Study. Arch
Intern Med 169:1381-1388, 2009
60. Brauner R, Serreau R, Souberbielle JC, et al:
Diazoxide in children with obesity after hypothalamic-

pituitary lesions: A randomized, placebo-controlled
trial. J Clin Endocrinol Metab 101:4825-4833, 2016
61. Mason PW, Krawiecki N, Meacham LR: The
use of dextroamphetamine to treat obesity and hyperphagia in children treated for craniopharyngioma.
Arch Pediatr Adolesc Med 156:887-892, 2002
62. Lomenick JP, Buchowski MS, Shoemaker AH:
A 52-week pilot study of the effects of exenatide on
body weight in patients with hypothalamic obesity.
Obesity (Silver Spring) 24:1222-1225, 2016
63. Bretault M, Boillot A, Muzard L, et al: Clinical
review: Bariatric surgery following treatment for
craniopharyngioma: A systematic review and individuallevel data meta-analysis. J Clin Endocrinol Metab 98:
2239-2246, 2013
64. Siu AL: Screening for abnormal blood glucose
and type 2 diabetes mellitus: U.S. Preventive Services Task Force recommendation statement. Ann
Intern Med 163:861-868, 2015
65. Mostouﬁ-Moab S, Ginsberg JP, Bunin N, et al:
Bone density and structure in long-term survivors of
pediatric allogeneic hematopoietic stem cell transplantation. J Bone Miner Res 27:760-769, 2012
66. Mostouﬁ-Moab S, Brodsky J, Isaacoff EJ, et al:
Longitudinal assessment of bone density and
structure in childhood survivors of acute lymphoblastic leukemia without cranial radiation. J Clin
Endocrinol Metab 97:3584-3592, 2012
67. Cohen LE, Gordon JH, Popovsky EY, et al:
Bone density in post-pubertal adolescent survivors of
childhood brain tumors. Pediatr Blood Cancer 58:
959-963, 2012
68. Landier W, Bhatia S, Eshelman DA, et al:
Development of risk-based guidelines for pediatric
cancer survivors: The Children’s Oncology Group
Long-Term Follow-Up Guidelines from the Children’s
Oncology Group Late Effects Committee and Nursing Discipline. J Clin Oncol 22:4979-4990, 2004
69. Zemel BS, Leonard MB, Kelly A, et al: Height
adjustment in assessing dual energy x-ray absorptiometry measurements of bone mass and density in
children. J Clin Endocrinol Metab 95:1265-1273,
2010
70. Crabtree NJ, Arabi A, Bachrach LK, et al: Dualenergy X-ray absorptiometry interpretation and
reporting in children and adolescents: The revised
2013 ISCD pediatric ofﬁcial positions. J Clin Densitom 17:225-242, 2014
71. Sala A, Barr RD: Osteopenia and cancer in
children and adolescents: The fragility of success.
Cancer 109:1420-1431, 2007

Affiliations
Wassim Chemaitilly, St Jude Children’s Research Hospital, Memphis; Jill H. Simmons, Vanderbilt University Medical Center,
Nashville, TN; Laurie E. Cohen, Boston Children’s Hospital, Boston, MA; Sogol Mostouﬁ-Moab, University of Pennsylvania,
Philadelphia, PA; Briana C. Patterson and Lillian R. Meacham, Emory University School of Medicine and Aﬂac Cancer and Blood
Disorders Center of Children’s Healthcare of Atlanta, Atlanta, GA; Hanneke M. van Santen, University Medical Center Utrecht, Utrecht,
the Netherlands; and Charles A. Sklar, Memorial Sloan Kettering Cancer Center, New York, NY.
nnn

jco.org

© 2018 by American Society of Clinical Oncology

Downloaded from ascopubs.org by Utrecht University Library on February 26, 2019 from 143.121.237.084
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.

2159

Chemaitilly et al

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

Endocrine Late Effects in Childhood Cancer Survivors
The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated. Relationships are
self-held unless noted. I = Immediate Family Member, Inst = My Institution. Relationships may not relate to the subject matter of this manuscript. For more
information about ASCO’s conﬂict of interest policy, please refer to www.asco.org/rwc or ascopubs.org/jco/site/ifc.
Wassim Chemaitilly
Honoraria: Pﬁzer
Consulting or Advisory Role: Pﬁzer
Laurie E. Cohen
Honoraria: Scherer Clinical Communications (who received grant from
Novo Nordisk)
Research Funding: Versartis (Inst), Ascendis Pharma (Inst), OPKO Health
(Inst)
Sogol Mostouﬁ-Moab
No relationship to disclose

Jill H. Simmons
Honoraria: Alexion Pharmaceuticals
Research Funding: Alexion Pharmaceuticals, Ultragenyx Pharmaceutical
Travel, Accommodations, Expenses: Alexion Pharmaceuticals
Lillian R. Meacham
No relationship to disclose
Hanneke M. van Santen
Travel, Accommodations, Expenses: Ferring
Charles A. Sklar
No relationship to disclose

Briana C. Patterson
No relationship to disclose

© 2018 by American Society of Clinical Oncology

Downloaded from ascopubs.org by Utrecht University Library on February 26, 2019 from 143.121.237.084
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.

JOURNAL OF CLINICAL ONCOLOGY

