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Childhood papillary thyroid cancer as second malignancy after
successful treatment of rhabdomyosarcoma
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To the Editor,

Second malignant neoplasms are a major concern
during the long-term follow-up of paediatric patients
after successful multi-modality treatment. The only
pathogenic factor known to promote development of
thyroid cancer in children is radiation, which induces
activating rearrangements in the RET gene [1-3].
An eighteen month old boy presented with a large
intrathoracic paraspinal mass invading the lower
thoracic vertebrae causing spinal cord compression.
He had no congenital abnormalities, developmental
delays, history of antenatal exposure to radiation or
other carcinogens, nor any family history of benign
thyroid conditions or malignancy. Haematological
examination, bone marrow studies, Serum Alfa-
fetoprotein, Human Chorionic Gonadotrophin, ur-
inary Vanillyl-Mandelic Acid, Homo-Vanillic Acid
and Dopamine levels, Tc?® MIBG and bone scan
were normal. Biopsy from the tumor showed an
undifferentiated malignancy composed of small
round blue cells with scanty cytoplasm and extensive

stroma with necrosis within fibrosis. FISH showed
FKHR disrupting translocation, with no EWS dis-
ruption. Final diagnosis was Embryonal Rhabdo-
myosarcoma.

Chemotherapy (International Society of Paedia-
tric Oncology — malignant mesenchymal tumour
(SIOP-MMT) 95 protocol) with a six drug schedule
(Ifosfamide (cumulative dose — 18 480 mg), Vincris-
tine (10.92 mg), Carboplatin (840 mg), Actinomy-
cinD (2.52 mg), Epirubicin (840 mg) and Etoposide
(1 176 mg)), was given for 9 cycles resulting in a
radiologic partial response. Thoracotomy and resec-
tion of the paraspinal residual tumor revealed a
pathological complete response. The patient did not
receive adjuvant radiotherapy and was on regular
follow-up with normal growth and development.
Three CT scans of the thorax were performed
during diagnosis, treatment and follow-up.

Six years after completing treatment, a non tender
thyroid swelling was detected on follow-up. Ultra-
sound scan showed a vascular nodule in the left lobe
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of thyroid and small nodes in the anterior triangle in
the left neck. Thyroid function tests were normal.
The patient underwent total thyroidectomy and level
VI cervical lymph node dissection. Pathological
examination revealed a 45 mm well differentiated
papillary carcinoma involving the left lobe of the
thyroid, with focal capsular and perithyroid fat
invasion and with two of six lymph nodes positive.
The AJCC2002/TNM stage was pT3pN1aMO0. He
received post operative thyroid ablation with 1.5GBq
of Iodine-131 and remains disease free 12 months
later on suppressive dose of thyroxin.

Methods
Sequence analysis

Eight pum sections of the paraffin-embedded
PTC sample were stained with Fast Red after
deparaffinizing. Regions of tumour tissue were
obtained by laser capture micro-dissection, using
the Pixcel II LM system and Capsure HS LCM caps
(Arcturus Engineering Inc, California, USA). The
captured cells were digested in 25 pl of proteinase K
buffer, incubated overnight at 55°C, and then
incubated at 95°C for 10 minutes to inactivate the
proteinase K. Using 10 pl of the DNA solution as
template, sequential polymerase chain reactions
were performed to amplify exon 15 of B-RAF and
exons 11, 13, and 17 of c-kit. The products were
purified by agarose gel electrophoresis, sequenced
directly with primers used in the amplification step,
by automated dideoxy sequencing using Big-Dye
Terminator RR mix (Applied Biosystems, California,
USA) and analyzed using the Sequencher 4.2.1
program (Gene Codes Corporation, Michigan,
USA).

Dual-colour fluorescence In situ hybridization (FISH)

FISH probes were generated from a pool of two
overlapping bacterial artificial chromosome (BAC)
clones selected from Ensembl genome (http:/
www.ensembl.org/Homo_sapiens/index.html). To
detect RET gene rearrangement, a split-apart probe
consisting of BAC clones RP11-818P01 and RP11-
696N03 mapped to the telomeric site of RET, and
RP11-686A03 and RP11-290103 mapped to the
centromeric site of RET was used. BAC DNA was
extracted using the Qiagen Plasmid Mini Kit (Qia-
gen, Crawley, West Sussex, UK) and amplified using
the GenomiPhi whole genome amplification kit
(WGA Kit, GE Healthcare). The mapping informa-
tion of each BAC clone was checked using FISH
mapping and end sequence techniques according to
Lambros et al. [4].

A 2um section from the paraffin-embedded PTC
sample was hybridised. Twenty pl of the split-apart
probe for the RET gene were used (RP11-818P01
and RP11-696N03 were labelled with biotin whereas
RP11-686A03 and RP11-290103 were labelled with
digoxigenine) and subsequently were developed
applying a mixture of 1.5 pl of Avidin-cy3 (Sigma,
UK) and 1.5 pl of anti-dig FITC diluted in 200 pl
PBS/2% BSA for 40 min in the dark at room
temperature. After dehydrating, the slides were
mounted in an antifade medium (Vector Labora-
tories, Peterborough, UK) containing 4,6-diamino-
2-phenylindole(DAPI) as counterstain. The probes
were visualized using a TCS SP2 confocal micro-
scope (Leica, Milton Keynes).

On DNA Sequence Analysis, mutations could not
be detected either in B-RAF exon 15, or in the
analysed three exons of c-kit, 11, 13, and 17. In an
ER/PR-positive tissue sample used as normal con-
trol, fluorescence microscopy revealed two sets of
red and green signals per nucleus located closely
together as expected (Figure 1A). The PTC sample
analyzed showed virtually absent break-apart signals
in the RET gene (less than 4% of all analyzed cells),
suggesting that the patient’s PTC does not harbour
any RET gene rearrangements (Figure 1B).

Discussion

Induction of secondary thyroid malignancy following
exposure to radiotherapy for RMS in childhood is
well documented [5,6], while this complication has
not been reported in paediatric patients, following
chemotherapy alone. Isolated reports of secondary
thyroid malignancy have been published in children
after chemotherapy alone for primary malignancies
like ALL, Hodgkin’s disease, neuroblastoma, osteo-
sarcoma and Ewing’s sarcoma [6-9], but not after
RMS. This is probably the only reported instance of
a childhood PTC as second malignancy after suc-
cessful treatment for RMS with chemotherapy, as an
infant.

The process of thyroid carcinogenesis is believed
to be a series of events induced by genetic and
environmental factors which alters follicular cell
division and growth control [7,10]. These factors
include tumor initiators like radiation and chemicals,
which cause DNA damage and promoters like
goitrogens, which augment TSH secretion and
promote tumor growth. Children who received
chemotherapy, especially alkylating agents, DNA
intercalators or topoisomerase inhibitors, have a
relative risk of 2.7 of developing second primary
solid tumors, with a mean latent period of four years
[5,8,9,11]. There is no conclusive evidence for
increased risk of second thyroid malignancy after
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Figure 1. FISH analysis with RET-specific DNA probes on paraffin sections. A. Status of the proto-oncogene RET in an ER/PR-positive
tissue control: A normal cell exhibiting overlapping FISH signals. B. Status of the proto-oncogene RET in the papillary thyroid cancer

sample exhibiting overlapping FISH signals (no split-aparts)

previous chemotherapy for childhood tumors
[2,9,12]. Chemotherapy may result in subclinical
hypothyroidism and chronic hypersecretion of TSH,
which increases the risk of secondary thyroid onco-
genesis [13].

Radiation induced thyroid cancers are almost
always papillary and are characterised by the pre-
sence of RET/PTC oncogene rearrangement, a
subtype limited to thyroid carcinoma in children
under 10 years of age [14]. The estimates of the
cumulative increased risk of secondary thyroid

malignancy after radiotherapy, is 53 to 80 times
the general population risk, and is highest among
children exposed to radiation before the age of 10
years. A strong linear dose-response curve is re-
ported with a significant risk of second thyroid
malignancy even at radiation doses as low as 100
mSv. For a dose of 1 Gy, the estimated odds ratio of
childhood thyroid cancer in Chernobyl survivors
varied from 5.5 to 8.4 [15], while the excess relative
risk of thyroid cancer after paediatric diagnostic
radiation exposure has been estimated to be 7.7/Sv
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[16]. The thyroid organ absorbed dose from CT
scan thorax in a child has been calculated to be
550+60 x10 > Gy [17], and a small but finite
lifetime cancer mortality risk from diagnostic radia-
tion exposure has been suggested even in infants
[18].

RMS and PCT do not share a common genetic
predisposition. In our patient, we could not demon-
strate rearrangements of RET oncogene, which is the
hallmark of radiation related PTC. The protein
kinase B-RAF is mutated in about 44% of PTC
and is linked to an adverse prognosis [19]. c-kit is a
receptor tyrosine kinase important for cell differen-
tiation and growth control of thyroid epithelium and
alterations of the c-kit proto-oncogene might play a
role in malignant transformation of the thyroid [20].
In our patient, mutations commonly related to PTC
like B-RAF or c-kit alterations too could not be
detected.

Considering the lack of predisposing factors or a
family history of malignancy and the time interval of
5 years between the two malignancies, it is highly
likely that thyroid carcinogenesis may have been
induced by chemotherapy which caused DNA da-
mage through the alkylating agent ifosfamide, the
DNA intercalator Actinomycin D and topoisome-
rase inhibitors like epirubicin and etoposide, to-
gether with a small but significant risk due to
radiation exposure from diagnostic imaging.

With higher cure rates and longer survival, pae-
diatric patients are prone to develop second malig-
nancies and warrant a sincere attempt to reduce the
dose of chemotherapeutic agents known to induce
second malignancy. The danger of developing sec-
ond thyroid malignancy emphasizes the need for
imaging which does not involve exposure to ionizing
radiation and lifelong follow-up with regular thyroid
examination.
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