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Introduction

Endocrinopathies are a common late effect in childhood can-
cer survivors (CCS) (those alive 5 years after diagnosis), with
studies stating cumulative risk being around 45% of all survi-
vors. A study of the Childhood Cancer Survivor Study cohort
showed 44% had at least one endocrinopathy, 17% had 2
and 7% had 3 or more [1], which included patients with
exposure to radiation.

Central (secondary) hypothyroidism refers to thyroid hor-
mone deficiency secondary to pituitary or hypothalamic dys-
function, resulting in inadequate thyroid hormone secretion.
In the general population, isolated central hypothyroidism is
reported as very rare (approximately 1:20,000–80,000) [2],
but more common (approximately 1:2200) in association
with other anterior pituitary hormone deficiencies [3].

Central hypothyroidism and other pituitary hormone defi-
ciencies are most commonly associated with exposure to cra-
nial irradiation, after neurosurgery or in association with
raised intracranial pressure [4–6]. Thyroid dysfunction (pri-
mary and secondary) after chemotherapy alone remains
controversial, however has been reported, particularly in
association with haematopoietic stem cell transplant (HSCT)
conditioning [7–10]. Several studies with small patient num-
bers have described central hypothyroidism after chemother-
apy alone [7,11–13].

The diagnosis of central hypothyroidism is usually based
on clinical features (fatigue, cold intolerance, weight gain,
slow growth velocity) combined with biochemical evidence;
low/normal/slightly elevated thyroid stimulating hormone
(TSH) and either low free T4 (fT4) on 2 occasions, or declin-
ing fT4 (>20%) on longitudinal testing [6].

The objective of this case series is to describe one centre’s
experience of central hypothyroidism in CCS exposed only to
chemotherapy as a novel pathophysiology.

Material and methods

This is a retrospective medical record review of seven
patients with central hypothyroidism from oncology long

term follow up clinic at Sydney Children’s Hospital,
Randwick, Australia.

Case description

Patient 1 underwent standard treatment at age 3 years for
acute lymphoblastic leukaemia (ALL) which was complicated
by simple partial seizures treated with carbamazepine
(Table 1). Thyroid function tests (TFT) were first performed at
12 years old to investigate rapid weight gain with acanthosis
nigricans. TFT were repeated on 4 occasions over an 8-
month period and consistently demonstrated low fT4 and
normal range TSH. She was started on thyroxine and had
3 kg of weight loss.

Patient 2 underwent standard treatment for ALL at age
12 years that required modification due to extensive compli-
cations and a lengthy intensive care admission. He presented
at 16 years of age with delayed puberty, lethargy and weight
gain. TFT showed low fT4 with low-normal TSH, which were
repeated on two occasions. Subsequently he was diagnosed
with partial growth hormone (GH) deficiency, hypogonado-
tropic hypogonadism and suboptimal cortisol response. He
was started on thyroxine and testosterone replacement with
improvement in mood, energy levels and 3 kg of weight loss.

Patient 3 underwent standard treatment for ALL at 4 years
of age. She presented at 14.6 years old with poor energy lev-
els and obesity. TFT showed low fT4 and normal range TSH
which were confirmed on two occasions prior to start-
ing thyroxine.

Patient 4 was diagnosed at 3months of age with a primi-
tive neuroectodermal tumour (PNET) in the right cervical
thoracic paravertebral region. She underwent standard
chemotherapy treatment with focal radiotherapy to the neck.
She had TFT done at 5 years of age due to history of consti-
pation and low energy levels which showed low fT4 and nor-
mal range TSH. TFT were repeated on several occasions over
a period of 8months before starting thyroxine.

Patient 5 was diagnosed with stage 4 neuroblastoma at
18months of age and underwent chemotherapy, surgery,
focal radiotherapy to the liver and right adrenal, followed by
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autologous HSCT with chemotherapy-only conditioning. She
then developed acute myeloid leukaemia (AML) at 5.8 years
old which was treated with chemotherapy and allogeneic
HSCT with chemotherapy-only conditioning. She developed
seizures at 8 years of age treated with carbamazepine. TFT
showed low fT4 and normal range TSH on repeated meas-
ures over 12months before starting thyroxine. Subsequently
carbamazepine was ceased and after completion of growth a
successful trial off thyroxine was completed.

Patient 6 was diagnosed at 4 years of age with a pilocytic
astrocytoma at the cerebellar vermis with spinal metastases
and underwent surgical resection followed by standard
chemotherapy. TFT done at 9 years of age showed low fT4
with slightly high TSH with negative thyroid antibodies,
which were repeated several times prior to starting thyrox-
ine. TSH normalised immediately after starting thyroxine with
ongoing low fT4 until dose was optimised.

Patient 7 was diagnosed with stage 4 neuroblastoma
antenatally and underwent treatment with surgery, chemo-
therapy and autologous HSCT with chemotherapy-only con-
ditioning. She was known to the endocrine clinic for short
stature with normal IGF-1 and then had rapid pubertal pro-
gression resulting in an adult height <1st centile. TFT done
to investigate menorrhagia at 16 years showed low fT4 with
normal range TSH, which were repeated several times prior
to starting thyroxine.

Discussion

The seven cases discussed are CCS who had no prior expos-
ure to cranial irradiation and who developed central hypo-
thyroidism, diagnosed on serial TFT, as a late effect. These
cases highlight the importance of considering hypothalamic
pituitary axis (HPA) dysfunction in survivors with chemother-
apy-only exposure. They also demonstrate that central hypo-
thyroidism can be an isolated condition, as all except one
case had normal HPA screening.

The literature reports risk factors for developing central
hypothyroidism in CCS are; pituitary radiation of >30Gy,
suprasellar tumours, raised intracranial pressure, cranial ner-
vous system surgery and other pituitary hormone deficien-
cies [1,14–16]. Whether central hypothyroidism occurs after
chemotherapy alone remains controversial, as clinical presen-
tation can be non-specific and biochemical markers difficult
to interpret [17]. Central hypothyroidism has recently been
reported 5.5% of the St. Jude Lifetime cohort (n¼ 3141),
with a median time since cancer diagnosis of 24 years [16].
This was predominately observed in those that had been
exposed to cranial irradiation or those with a tumour involv-
ing the HPA region, but was also reported in 0.7% of those
with neither risk factor, supporting our findings [16]. We
note that a history of seizures increased the risk of central
hypothyroidism, and we hypothesise that anti-epileptic drugs
may have contributed, as seen in our series [16].

Widely suggested diagnostic criteria for central hypothy-
roidism are low fT4 with low/normal/slightly elevated TSH
[6,14]. However, often only a TSH level is measured and the
diagnosis of central hypothyroidism can thus be easily

missed [14]. TRH stimulation test is thought to be useful in
cases of mild central hypothyroidism, but is unavailable in
Australia and many other countries [6]. Diminished nocturnal
TSH surge has also been reported as a marker of dysfunction
of the hypothalamic control of the thyroid axis but does not
necessarily indicate or predict central hypothyroid-
ism [14,15,17].

Several studies, with small patient numbers, have reported
central hypothyroidism in CCS exposed to chemotherapy
only, but diagnostic criteria were broader than generally
accepted, including blunted nocturnal TSH surge or abnor-
mal TRH stimulation test in asymptomatic patients with nor-
mal fT4 levels [7,11–13]. Baronio et al. reviewed 31 ALL
survivors treated with chemotherapy only and found 6 (19%)
had slightly high TSH [7]. Three of the 6 patients went on to
have TRH stimulation testing which was abnormal in all
three, however only 1/6 had a low fT4 [7]. Rose et al.
reviewed 208 CCS who had symptoms of hypothyroidism
and underwent nocturnal TSH surge and TRH stimulation
testing [12]. Sixty-two (30%) met the criteria for central hypo-
thyroidism, however we note that only 8% had a low fT4.
Ten of the 62 patients with central hypothyroidism had
exposure to chemotherapy-only [12]. A second study by Rose
et al. reviewed 31 CCS treated with chemotherapy-only who
had slow growth or altered pubertal timing [13]. Sixteen
(52%) were diagnosed with central hypothyroidism based on
fT4 in lowest third of normal range with blunted nocturnal
TSH surge or abnormal TRH stimulation test [13].

Only one of our patients had additional anterior pituitary
hormone deficits, highlighting that central hypothyroidism
can be isolated in nature. Rose et al. reports central hypothy-
roidism with other endocrine deficits in 50–75% of patients
[12,13]. Multiple pituitary hormone deficits after chemother-
apy-only have been described by others but it remains con-
troversial if chemotherapy is causal [15].

We hypothesise the aetiology of central hypothyroidism
after chemotherapy-based cancer treatments in childhood is
likely multifactorial, including direct chemotherapy effects,
sequalae of critical illness, and complications of other treat-
ments such as antiepileptic drugs (AEDs). Evidence of direct
chemotherapy effects is reported in the literature:

� Transient central hypothyroidism reported in the immedi-
ate period following chemotherapy, most notably L-aspar-
aginase [9].

� Direct toxic effects of chemotherapeutic agents that may
cross the blood brain barrier, such as vincristine [9], or
injected intrathecal chemotherapy such as methotrex-
ate [16].

Cerebral insults are known risk factors outside of cancer
diagnoses and we speculate could be causative in those with
critical illness like Patient 2 [6]. Abnormal TFT in association
with AEDs is a well-recognized phenomenon in the literature
[18,19]. Carbamazepine was used by two of the patients in
this series and the most common TFT pattern described is
low fT4/fT3 with normal TSH [18,19]. There is conflicting evi-
dence as to whether these changes in TFT are consistent

ACTA ONCOLOGICA 1479



with clinical hypothyroidism [19,20], however symptomatic
central hypothyroidism has been reported [21].

We can only postulate what caused central hypothyroid-
ism in our patients, but in light of the potential morbidities
of hypothyroidism including metabolic consequences,
reduced physical performance and impact on growth, this is
important to be aware of, identify and treat [6]. The implica-
tions from this case series are:

� Further research is necessary to assess prevalence of cen-
tral hypothyroidism and risk factors in CCS.

� Oncologists and endocrinologists should have a low
threshold for performing TFT in all CCS regardless of
treatment history.

� When ordering TFT always request TSH and fT4 to allow
detection of central hypothyroidism.

� Consider monitoring TFT in CCS on antiepileptics, as thy-
roid dysfunction can also be seen in this cohort.
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