Pediatr Surg Int (2008) 24:747-750
DOI 10.1007/s00383-008-2151-7

CASE REPORT

Papillary carcinoma of the thyroid gland in a child
of thyrotoxicosis patient receiving radioactive iodine therapy:

report of a case

Surasak Sangkhathat - Sakda Patrapinyokul - Piyawan Chiengkriwate -
Supika Kritsaneepaiboon + Kanita Kayasut « Teerapol Pramphapa -

Matinee Maipang

Accepted: 3 April 2008 /Published online: 15 April 2008
© Springer-Verlag 2008

Abstract Herein we present the case of a 9-year-old girl
who had an enlarged right lobe of the thyroid gland and
sub-clinical hypothyroidism (thyroid stimulating hormone
at 9.24 mIU/L). The patient had a history of unintentional
exposure to radiation while her mother was receiving
radionuclide therapy for diffuse toxic goiter. Ultrasonog-
raphy of the young girl showed right lobe enlargement with
diffuse coarse heterogenous echogenicity, compatible with
a microcalcification pattern identified in both lobes of the
thyroid gland. Histopathology of the tissue from a thy-
roidectomy revealed papillary thyroid carcinoma in the
right lobe and chronic lymphocytic thyroiditis in the
remaining tissue. Molecular pathology demonstrated an
RET/PTCI rearrangement in both tumor and non-tumorous
tissue harboring thyroiditis. Considering the history of
exposure and the characteristics of the thyroid pathology
together, the PTC in this patient was likely a secondary-
to-genetic alteration induced by external radiation. This
case emphasizes the importance of stringent restrictions
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when giving radioactive iodine therapy to a patient with
small children.
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Introduction

Papillary thyroid carcinoma (PTC) is one of the common
secondary malignancies occurring in patients with a history
of radiation exposure. High-dose external radiation, such as
from an atomic bomb or nuclear power plant fallout, is a
significant risk factor of PTC. In children, PTC may occur
from radiotherapy for cancer [1]. Biologically, the radia-
tion causes chromosomal translocation resulting in genetic
lesions that drive neoplastic change. RET/PTC fusions are
known genetic rearrangements that can be detected in the
majority of radiation-induced PTC cases [2, 3].
Radioactive iodine (Iodine 131) therapy is an effective
treatment for patients with diffuse toxic goiter (Grave’s
disease). Although emission of radiation from the patient
can potentially affect surrounding people, various studies
have determined that administration of the treatment is safe
and can be done on an ambulatory basis [4-7]. Many
countries, including the USA, UK and some European
countries, offer outpatient treatment with advice given to
minimize subsequent close contact with other individuals
[4, 5, 7-10]. Such recommendations are usually based on
the amount of radiation exposure in family members or
caregivers, which is usually lower than the cut-off level of
dose constraints. However, caution is required in individ-
uals who might have higher-than-normal susceptibility
such as a patient with young family members, who lives in
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an area with high background environmental radiation
level or who has iodine deficiency.

We report herein a case of PTC in a child who was
apparently a victim of third-party therapeutic radiation, and
suggest that more restrictions should be considered for at
least certain patients receiving outpatient radioactive iodine
therapy.

Case report

A 9-year-old female patient presented to our pediatric
clinic with an enlarged right thyroid lobe for 3 months. She
exhibited no symptoms of hyperthyroidism. The patient
was the second child of a mother with a previous history of
diffuse toxic goiter who had received radioactive iodine
therapy at a total dose of 220 MBq as an ambulatory case
when the patient was 4 years old. She was unintentionally
in close proximity with the patient during the evenings she
had received the treatment and throughout the following
several days while her other child was not at home. In an
unusual coincidence, the patient had received yet further
exposure when she had visited her grandmother who had
received 300 MBq of radioactive iodine for toxic goiter,
3 years before the other exposure, at the age of 1 year.

On examination, her thyroid gland was found to be
enlarged at the right lobe. The pulse rate was within normal
range. The body weight and height were at the 75 and 85
percentile, respectively, according to the Thai national
standard growth curve. A thyroid function test reported free
T4 at 1.15 ng/dl (normal range 0.70-1.75), free T3 at
3.79 pg/ml (2-4.40) and thyroid stimulating hormone
(TSH) at 9.24 mIU/L (0.25—-4.00). The anti-thyroglobulin
antibody titer was 1:160 and anti-microsomal antibody titer
was 1:25,600.

A thyroid scan revealed enlarged thyroid gland with
multiple hypofunctioning nodules at the right lobe. Ultra-
sonography demonstrated a markedly enlarged right
thyroid lobe, measuring 2.8 x 2 x 4 cm in width x
thickness x height, respectively. The left lobe was 1.5 X
0.8 x 2.8 cm and the isthmus was 0.7 cm thick. Also
apparent was diffuse coarse heterogenous echogenicity,
compatible with a microcalcification pattern identified in
both lobes of the thyroid gland (Fig. 1). A few enlarged
adjacent lymph nodes were also noted.

A right thyroid lobectomy was initially performed. A
histopathological study revealed papillary structures with
typical overlapping and ground glass nuclei, occasional
nuclear grooves and the presence of a psammoma body
(Fig. 2a). A left lobectomy and isthmectomy together with
adjacent cervical nodes dissection were then performed.
Pathological testing demonstrated chronic lymphocytic
thyroiditis in the uninvolved areas of the thyroid gland, and
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Fig. 1 Ultrasonography of the thyroid gland, showing diffuse coarse
heterogenous echogenicity, with microcalcification identified in both
lobes. A few enlarged adjacent lymph nodes were noted (arrow)

dense lymphocytic infiltrate with germinal center forma-
tion. The psammoma body was also apparent in the
contralateral thyroid.

A molecular genetic study was performed, and exon 15
of BRAF gene was analyzed by the direct sequencing
method. Rearrangement of RET/PTCI and RET/PTC3 were
studied by reverse-transcription polymerase chain reaction
(RT-PCR). To guard against any false positive results, the
RT-PCR was performed in 30 cycles. The study showed a
wild-type sequence of BRAF and was positive for RET/
PTCI fusion transcript in both tumor tissue and contralat-
eral thyroid tissue without malignancy (Fig. 3).

The patient received radioactive iodine therapy and was
doing well on the last follow-up visit at 10 months post-
operatively.

Discussion

The increased risk of papillary thyroid cancer (PTC) in
children exposed to ionizating radiation was documented
for a wide range of doses, and a linear dose-response
relation for doses from 0.1 up to 1-2 Gy has been descri-
bed [11]. There was a clear peak of thyroid cancer
incidence in children, observed in some east European
countries, which was related to an uptake of radioiodine
following the Chernobyl disaster in 1986 [12, 13]. In these
children, the increased incidence started 4-5 years after
exposure, reaching its maximum in the mid-1990s, and the
disease developed mainly in children <5 years old at the
exposure. The child presented here was 4 years of age
when exposed to radiation therapy and the cancer was
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Fig. 2 Histopathology of the
thyroid gland, a papillary
structures with typical
overlapping and ground glass
nuclei, occasional nuclear
grooves and the presence of a
psammoma body (arrow)

(40x magnification). b Chronic
lymphocytic thyroiditis in the
uninvolved areas of the thyroid
gland, showing dense
lymphocytic infiltrate with
germinal center formation
(10x magnification)
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Fig. 3 a On RT-PCR, using tissue from the right lobe of the thyroid
gland harboring PTC (T) and uninvolved left lobe (NT), positive
bands of the same size were found in both parts. (N-Con negative
control, NTC no template control). b Nucleotide sequencing proved
the presence of an RET/PTC1 (H4) rearrangement, which was the
fusion between RET exon 11 and H4 exon 1. The arrow indicates the
break point

detected at 9 years of age. This shows a similar pattern to
the nuclear accident victims. Iodine deficiency has been
known to increase cancer risk in radiation-exposed children
[11, 13]. However, considering its rarity in southern
Thailand [14], the condition was unlikely to be a predis-
posing factor in our patient.

The thyroid gland in the patient demonstrated a typical
pattern of radiation-induced thyroid pathology. Apart from
the malignancy, the background histology of chronic lym-
phocytic thyroiditis provided another clue indicating
radiation association. Autoimmune thyroiditis shows in-
creased incidence with environmental radiation exposure
[15, 16]. Epidemiological studies of the incidence of

autoimmune thyroiditis in children from nuclear contami-
nated areas or atomic bomb survivors have reported a higher
prevalence of positive thyroid autoantibody in exposed
children [17-20], although recent long-term cohorts from
major fallout areas have not supported the dose—effect rela-
tionship [21, 22]. Some authors have speculated that PTC
carcinogenesis in the thyroid gland occurs multifocally and
that autoimmune thyroiditis presents a “submicroscopic
form” of the malignancy. The two conditions are possibly
linked through the RET/PTC rearrangement [3].

Our clear observation of genetic changes in the left lobe
that harbored no malignancy was in line with the mentioned
theory. In addition, we observed that the sonographic finding
of microcalcification, which was compatible with the
psammoma body on histological study could be well
detected in thyroiditis tissue without malignant cells. Mic-
rocalcifications are one of the most specific ultrasonographic
findings of a thyroid malignancy, with a specificity of up to
95% [23, 24], particularly in PTC. Diffuse microcalcifica-
tions in both lobes suggested multifocal tumorigenesis,
which is consistent with radiation-induced thyroid cancer.

Radioactive iodine therapy as a day-case service is
common practice in nuclear medicine. In general, a patient
with toxic goiter decays more radiation than thyroidecto-
mized malignancy cases, despite the latter group receiving
higher radiation activity [6]. For thyrotoxicosis patients in
our institute, lodine-131 is given orally at the hospital and a
patient is discharged in 4-6 h with a recommendation not
to be in close proximity with small children for a period of
1 week. The safety of this type of regimen has been sup-
ported by previous studies that evaluated the actual
radiation emission from patients or the radiation exposure
in caregivers, as compared to the dose constraints accepted
in each country [4]. For example, dose constraints in
European countries were generally accepted at 3 mSv for
relatives, including children, over the age of 10 years, with
a higher dose constraint of 15 mSv for relatives over
the age of 60. The dose constraint of 1 mSv is set for
children under 10 years [8]. Another reference guideline
is the recommendation of the International Commission on
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Radiological Protection (known as ICRP), in which the
dose constraint is set at 1 mSv for public and family
members unrelated to the patient’s caregiver(s) and 5 mSv
for caregivers [10]. A multicenter study of outpatient
radioiodine therapy in UK found that 6 of 17 family
members aged 3 years or younger who were children of the
patients received radiation at an adjusted dose of more than
1 mSv, while almost all adult family members received an
adjusted dose within the safety limits [5]. A recent case
series from Norway also reported one 2-year-old child who
absorbed a radiation dose of 3.04 mSv from the mother
despite repeatedly being informed of the safety instructions
[7]. It should be noted that the mother of the latter case
received only 260 MBq of radioactive iodine, which was
comparable with the mother of our patient.

There have been reports of family members who
received radiation doses greater than the safety level [5, 7];
however, there has been no report of any patient who
developed a thyroid malignancy after third-party iodine-131
exposure. Although strong cause—effect relationship could
not be demonstrated on a single-case evidence, our reported
case emphasizes that care should be taken in giving
ambulatory radioactive iodine therapy to a patient having
young family members. Unless arrangements can be made
for any small children to stay with an alternative caregiver
for 10-14 days [5], inpatient management should be
considered.

In summary, we report a case of pediatric PTC, in whom
the disease likely developed as a result of third-party
radioactive iodine therapy. The evidence suggests more
stringent restrictions should be taken after treatment for a
patient with young children.
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