
584 MJA Vol 176 17 June 2002

RESEARCH

The Medical Journal of Australia ISSN:
0025-729X 17 June 2002 176 12 584-587
©The Medical Journal of Australia 2002
www.mja.com.au
Research

SEVENTY PER CENT of children treated
for childhood malignancy survive into
adulthood.1 This improved survival is
accompanied by long term complica-
tions. Some oncology centres have long
term surveillance clinics, but, increas-
ingly, these survivors will be followed by
general practitioners, who may not be
aware of their patients’ health risks.

Radiation-induced thyroid neoplasia
in children is a recognised result of
direct irradiation (eg, Hodgkin’s dis-
ease),2,3 and of the obsolete practice of
radiotherapy for benign childhood con-
ditions.4,5 The Chernobyl reactor disas-
ter also demonstrated the tumorigenic
effect of both ingested and inhaled radio-
active isotopes in childhood, with a
more than 30-fold increase in the
number of cases of childhood thyroid
cancer.6,7

The young thyroid is vulnerable to the
tumorigenic effects of radiation, and
shows a linear response from 0.1 Gy
levelling at 10 Gy; the excess risk per-
sists for up to four decades.8 Although
radiation therapy is now used infre-
quently, a large cohort of irradiated
survivors remain at lifelong risk of thy-
roid neoplasia.

We describe the thyroid status of con-
secutive survivors of childhood cancer
attending a follow-up clinic for survi-
vors of childhood malignancy who had
received thyroid irradiation. The data
are used to formulate a practical surveil-
lance plan directed at primary health-
care service providers.

METHODS
1.Methods

The Late Effects Oncology Clinic
(LEC) is a multispecialty clinic within
the Oncology Unit of the Children’s
Hospital, Westmead. The Oncology
Unit treats about 120 new patients each
year. Patients attend from all over New
South Wales and are enrolled at the
LEC at least five years after completion
of their cancer treatment.
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ABSTRACT

Objectives:  To describe a cohort of survivors of childhood malignancy at risk of 
developing thyroid abnormality, and propose guidelines for management of such 
patients.

Design:  Retrospective case series.

Setting:  Late-effects oncology clinic at a large children’s hospital in Sydney.

Subjects:  142 patients who had received irradiation to the thyroid from the 1970s 
onwards, who attended the late-effects clinic from May 1989 to December 1998.

Interventions:  Thyroid palpation by an endocrinologist or surgeon, serum thyroid-
stimulating hormone assay and thyroid ultrasound examination were performed on 
all subjects and, depending on findings, some subjects proceeded to fine-needle 
biopsy or surgery (total thyroidectomy). A few patients required adjuvant 131I 
administration.

Outcome measures:  Radiation dose received; results of thyroid palpation; thyroid 
function tests; ultrasound findings; diagnosis of the abnormalities; and outcomes of 
surgical interventions.

Results:  49 subjects (24 of 65 patients who received scatter irradiation to the 
thyroid and 25 of 78 patients who received direct irradiation) had thyroid surgery. 
Of these, 12 in the scatter and six in the direct irradiation group were found to have 
thyroid malignancy. Fifty subjects with abnormal ultrasound results remain under 
surveillance. Having a palpable thyroid was predictive of malignancy, but age at 
original diagnosis, sex, current age, time since irradiation, radiation dose, nodule 
type and nodal involvement were not.

Conclusion:  There is a significant risk of cancer in thyroid glands exposed to 
radiation as part of therapy for childhood cancer. This risk is greater for patients who 
received scatter (versus direct) irradiation. Nodular change is usually not apparent 
for many years, so lifelong surveillance is necessary. Palpation alone is not sufficient 
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to detect thyroid cancer and thyroid ultrasound examination is recommended.
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Study subjects

Patients who attended the LEC
between May 1989 and December 1998
were recruited to the study if their anti-
cancer treatment (which occurred from
the 1970s onwards) had included radia-
tion therapy to the upper body. This
included “direct” radiation, in which
the thyroid was within the radiation
fields or their penumbra, and “scatter”
radiation, in which the thyroid was out-
side the penumbra of the fields.

Radiation therapy

Patients had been irradiated using mega-
voltage photons (cobalt-60 or 4–6 MV
linear accelerators).

The thyroid doses were estimated
from a retrospective review of radiation
treatment data, including diagrams,
photographs and simulation films. The
thyroid dose received during prophylac-
tic cranial irradiation was estimated
using previously described techniques.9

Because of the wide range of doses,
analysis was based on the estimated dose
received by individuals rather than a
group. For the purposes of analysis, dose
was treated as a continuous variable.

Thyroid assessment

All subjects were examined by one of
three endocrinologists. The thyroid was
descr ibed as palpable (diffusely
enlarged or containing nodules) or
non-palpable. Thyroid function tests
were performed in the same diagnostic
endocr inology laboratory. Some
patients had received pituitary and thy-
roid irradiation, and thyroid function
tests were difficult to interpret in these
patients. All subjects underwent ultra-
sound examination using high-resolu-
tion linear transducers at frequencies of
7–10 MHz. Abnormal ultrasound
results were reported to show single or
multiple nodules.

Fine-needle aspiration biopsy was
performed in 19 patients, but the results
are not reported in detail because they
did not influence management.

Management strategies

There is no consensus regarding recom-
mendation for surgery versus ongoing
observation. Surgical intervention was

considered necessary for patients with
larger nodules (>1 cm in diameter),
presence of multiple nodules, increasing
nodule size under observation, or solid/
vascular appearance on ultrasound. The
presence of very small nodules
(<0.7 cm), cystic appearance on ultra-
sound, and reluctance or inability to
proceed to surgery usually dictated con-
tinuing observation.

Statistical analysis

Microsoft Excel10 and SPSS for
Windows11 were used for the analysis.
Results are reported as odds ratios (OR)
with 95% confidence intervals, or stand-
ard deviations where appropriate. Statis-
tical significance was accepted at
P <0.05.

A multivariate logistic regression
analysis was used to examine the rela-
tion between prognostic factors and the
incidence of malignancy. Factors exam-
ined included age at original diagnosis,
sex, thyroid palpability, time since irra-
diation, radiation dose of the thyroid,
nodule type (none, single, multiple),
and nodal involvement.

1: Original diagnoses for children 
in the direct and scatter 
irradiation groups

Diagnosis

Direct
thyroid 

irradiation 
(n = 65)

Scatter  
irradiation  

(n = 77)

Acute lymphoblastic
leukaemia/non-
Hodgkin’s lymphoma

16 71

Hodgkin’s disease 13 0

Rhabdomyosarcoma 10 1

Medulloblastoma 8 0

Neuroblastoma 5 1

Wilms’ tumour 5 0

Central nervous
system tumour

3 0

Histiocytosis 2 0

Ewing’s sarcoma 1 0

Nasopharyngeal
carcinoma

1 0

Retinoblastoma 1 0

Acute myeloid
leukaemia

0 3

Fanconi’s anaemia 0 1

2: Summary of management outcomes in patients exposed to direct 
(A) and scatter (B) irradiation

Six patients with malignant tumours (two in each of the direct thyroid palpable, direct thyroid impalpable and 
scatter thyroid palpable groups) had microcarcinoma. TSH = thyroid stimulating hormone.

A: Direct irradiation group (5-50 Gy)

Total patients = 65. Total number with abnormal TSH = 21.

Thyroid palpable 19
Ultrasound normal 1

Ultrasound abnormal 18
Observation 4

Surgery 14

Benign 12

Malignant 2

Thyroid impalpable 46
Ultrasound normal 22

Ultrasound abnormal 24
Observation 13

Surgery 11

Benign 7

Malignant 4

B: Scatter irradiation group (0.1-0.5 Gy)

Total patients = 78. Total number with abnormal TSH = 15.

Thyroid palpable 22
Ultrasound normal 3

Ultrasound abnormal 19
Observation 4

Surgery 15

Benign 6

Malignant 9

Thyroid impalpable 56
Ultrasound normal 18

Ultrasound abnormal 38
Observation 29

Surgery 9

Benign 6

Malignant 3
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RESULTS
1.Results

The study population comprised 142
subjects (70 girls). Thirty-five  patients
eligible to attend were not enrolled in
the LEC; these patients did not differ
from the entire LEC or current study
group in diagnostic category or cancer
therapy. The subjects’ mean age was
16.0 years, and the mean age at the
commencement of original therapy was
5.8 years. The mean time since comple-
tion of therapy for the study group was
14.0 years.

Treatments resulting in direct irradia-
tion included localised treatment of
lymphomas and sarcomas following
chemotherapy, wide-field irradiation of
lymphomas, total-body irradiation
(TBI) before bone marrow transplanta-
tion, and the exit dose from the spinal
component of craniospinal irradiation.

The main treatment resulting in scat-
ter radiation to the thyroid was cranial
radiation used for central nervous sys-
tem prophylaxis in haematological
malignancies. Other conditions for
which the thyroid had received scatter
radiation were sarcomas and cerebral
tumours.

Some patients had received more
than one course of radiation (eg, cranial
irradiation followed by TBI). These
individuals were considered to have
received a direct dose.

Box 1 shows the main original diag-
noses in the two groups. The median
thyroid dose in the direct group was
20 Gy (range, 5–50 Gy). The dose was
fractionated, with the exception of sev-
eral patients who received the entire
dose as a single fraction of TBI (7–
10 Gy). The doses received by scatter
were estimated at 0.1–0.5 Gy in multiple
fractions.

Twenty-eight patients were taking
thyroxine at the time of the study (25
for treatment of hypothyroidism, and
three for nodule suppression). Nineteen
developed new nodules while taking
thyroxine. Three patients with treated
primary hypothyroidism developed a
carcinoma.

Box 2 shows a summary of the man-
agement outcomes for the two groups.
Using combined palpation data and
ultrasound data, the sensitivity of a pos-
itive ultrasound result was 70%, with
specificity of 91%.

Predictors of malignancy

In the multivariate analysis, after adjust-
ing for various prognostic factors, the
only significant predictor of malignancy
was having a palpable thyroid (OR, 4.1;
95% CI, 1.2–14; P=0.03).

A peak in incidence of thyroid abnor-
mality occurs from 10 to 25 years after
original diagnosis (Box 3). The associa-
tion is significant (OR, 1.2; 95% CI,
1.1–1.3; P<0.01), indicating a 20%
increase in the risk of an abnormal
ultrasound result with each year after
original diagnosis.

Radiation dose was not related to
abnormal ultrasound result (P=0.49),
palpable thyroid (P=1.0), or nodule
status (P=0.19).

Surgery

Forty-nine subjects (34% of the study
group; 38% and 31% for the direct and
scatter groups, respectively) proceeded
to surgery (Box 2). Forty-six subjects
had a total thyroidectomy. Three sub-
jects had a hemithyroidectomy (one of
whom later developed nodules in the
remaining lobe) performed by other
surgeons.

The only important perioperative
complication was transient hypocalcae-
mia in three patients. No subject had
clinical lymph node enlargement at
presentation. However, at surgery, two
subjects had lymph node involvement
and proceeded to a modified lymph
node dissection.

Six subjects had papillary microcarci-
noma (ie, a carcinoma <1.0 cm).12 Of
the remaining subjects, five showed uni-
focal papillary carcinoma (all in the
scatter group), three showed multifocal
papillary carcinoma, and four showed
mixed papillary/follicular carcinoma.

Postoperative management

Postoperatively, all subjects were treated
with thyroxine at dose regimens appro-
priate for suppressing thyroid-stimulat-
ing hormone. In addition, 11 patients
with large papillary or mixed histopa-
thology had ablative radioactive iodine
therapy following surgery (average dose,
100 mCi). At follow-up scanning, thy-
roglobulin levels were undetectable and
there was no residual uptake in the
neck.

Non-thyroid malignancies

One subject in the scatter group with a
thyroid malignancy developed a rapidly
progressive and fatal squamous cell car-
cinoma of the tongue. A second subject
in the scatter group who had a total
thyroidectomy for benign nodular dis-
ease developed an adenocarcinoma of
the bowel.

One subject (direct group) who had a
total thyroidectomy for benign nodular
disease had a fatal recurrence of a
medulloblastoma, 19 years after original
presentation.

DISCUSSION
1.Discussion

The first important finding of our study
is the appearance of cancer in thyroid
glands exposed only to scatter irradia-
tion in childhood. Our findings are
likely to underestimate overall risk given
that the risk of thyroid cancer is a
lifetime risk,13 that the subjects reported
here are still young, and that 50 subjects
with abnormal ultrasound findings
remain under observation.

In a similar clinical group, nodules
were detected by ultrasound in a quar-
ter of the subjects,14 significantly lower
than in our study group (70%). Ten
subjects (10%) had a surgical interven-
tion and one of these had a papillary
carcinoma, both figures significantly
lower than in our study. In another
study of the appearance of second can-
cers in childhood survivors of malig-
nancy, thyroid cancer comprised 7.5%
of the secondary cancers and, although
radiation did not explain all of these, a
large proportion of patients in the pro-
phylactic cranial irradiation group was
noted.15 Incidental nodular disease of
the thyroid is uncommon in child popu-

3: Cumulative incidence of thyroid 
abnormality on ultrasound 
examination
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lation studies, with a prevalence of less
than 3%.16

Although having a palpable thyroid
was the only significant predictor of
malignancy on multivariate analysis,
seven patients with an impalpable thy-
roid (and abnormal thyroid ultrasound
results) were subsequently found to
have thyroid carcinoma. Thus, palpa-
tion should always be accompanied by
thyroid ultrasound examination.

It is possible that radiation-induced
thyroid neoplasia in childhood survivors
of cancer is different from neoplasia
arising spontaneously. Post-irradiation
cancers arise in glands with widespread
histological abnormality (Box 4), as in
our study and as seen in children who
were exposed to radiation in the Cher-
nobyl disaster.17 Thyroid carcinoma in
children and adolescents under stand-
ard conditions has an incidence of 0.5
per million per year.18 It is also
unknown whether microcarcinomas in
the young thyroid previously exposed to
irradiation (present in a third of our
patients) have different prognosis to
those in older glands, where the long
term prognosis is generally favourable.19

Our study raises issues concerning
both immediate management and long
term surveillance of people exposed to
childhood irradiation of the thyroid. Our
current guidelines for management of
these patients are summarised in Box 5.
A further consideration is that, although
therapeutic ablative doses of radioactive
iodine have not produced permanent
gonadal damage in young patients with
spontaneous thyroid cancer,21 a gonad
already exposed to chemotherapeutic

damage may be at high risk of sustaining
damage from 131I.

The late effects of cancer therapy are
with survivors for a lifetime. Survivors
of childhood cancer need to be aware of
the possibility of late effects, and
develop some responsibility for their
own long term surveillance. Doctors
need to be aware that a past history of
childhood cancer does not simply repre-
sent a cure, but also future health risks.
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5: Guidelines for management of patients at risk of radiation-induced 
thyroid disease

■ At the completion of radiation treatment, inform the patient of the risk of future thyroid 
abnormality, including carcinoma, and emphasise the need for regular annual review.

■ Provide the patient with an information sheet that states:
 – Palpation and thyroid function tests should be done, but are insufficient for detecting 

thyroid abnormality. Thyroglobulin levels may have a role in monitoring.
– Ultrasound is the most reliable test for detecting thyroid abnormality, and must form part 

of the annual review.
– Normal thyroid function tests do not exclude neoplasia.

■ Discuss total thyroidectomy as a reasonable option. The alternative is serial fine needle 
aspiration biopsy (FNAB). The presence of multiple nodules, the uncertainty as to whether the 
FNAB sample is representative (false negatives), repeated patient discomfort and a cancer 
patient’s innate anxiety at the appearance of a nodule might make total thyroidectomy the 
preferred option. This procedure should be performed by an experienced head and neck 
surgeon, to avoid complications.

■ Counsel that thyroxine suppression does not protect against nodule formation or cancer.20

4: Irradiated thyroid gland

An irradiated thyroid gland containing a 
hypercellular nodule consisting almost 
entirely of microfollicles and showing focal 
nuclear atypia.


