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sclerosing.9 The incidence of NIFTP has not yet been 
widely investigated, although a recent study reported 
a rate of 1.9%, i.e. less frequent than in adults.10 Med-
ullary, poorly differentiated and anaplastic thyroid 
cancer are very rare in childhood.

RIsK fACToRs

In approximately 5-10% of cases there is a family 
history of papillary thyroid carcinoma, comprising 
cases of adenomatous polyposis, DICER 1, PTEN 
hamartoma tumor syndrome, Carney complex or 
Cowden’s disease.11 However the main risk factor 
for PTC is radiation exposure12,13 for children <5 
years.14,15 In particular, approximately 5 years after 
the 1986 Chernobyl Nuclear Power Plant accident 
the incidence of papillary thyroid cancer in the con-
taminated areas of Belarus, Ukraine and the Rus-
sian Federation increased from less than 1 case per 
million per year before the accident to more than 90 
cases per million per year and the exposed children 
continued to carry an increased risk into adult life.16 
After 1996, the incidence declined progressively and 
after 2001 only sporadic cases, i.e. not through expo-
sure to radiation, were reported in pediatric patients 
(<15 years old).5,17-19 A non-significant increase in 
the prevalence of thyroid cancer was reported after 
the Fukushima Daiichi Nuclear Power Plant disaster 
where the radiation exposure was one tenth or less 
compared to the Chernobyl accident.19 

muTATIonAL sTATus

As shown in Table 1, a major difference between 
adult and pediatric PTC is that in children RET/PTC 
rearrangements are more common (30-70% of PTC 
in childhood), while activating point mutations in the 
signal transducing pathway, such as RAS (NRAS being 
the most frequent) and BRAF mutations, account for 
less than 10%.20 PET/PTC rearrangements occur after 

radiation exposure or internal contamination, this be-
ing the case of the Chernobyl accident.21 As radiation 
exposure induces DNA double-strand breaks, the RET 
gene and associated partners are highly vulnerable for 
recombination since they are juxtaposed in the nuclei 
of thyroid cells. To date, nearly 20 types of RET/PTC 
rearrangements have been identified.21,22 The overall 
prevalence of RET/PTC diverges between sporadic 
and radiation-exposed pediatric PTC carcinomas (41% 
vs 58% respectively),23,24 with RET/PTC3 being as-
sociated with more aggressive tumors and RET/PTC1 
with classic PTC.24,25 Due to interindividual variations 
in response to radiation, the role of genetic factors 
such as single nucleotide polymorphisms (SNPs) 
in the ATM and FOXE1 genes in radiation-induced 
PTC has been documented, suggesting that its etiol-
ogy may involve a DNA repair pathway, a thyroid 
morphogenesis pathway and/or dysregulation of the 
differentiated state in the thyroid.26 In contrast to 
BRAF mutations, these RET/PTC rearrangements do 
not lead to genomic instability and dedifferentiation, 
which explains their better response to RAI and lower 
mortality rate.7,27 Several studies have demonstrated that 
sodium iodine symporter expression is greater than in 
adults.28,29 Moreover, a subsequent study showed that 
the expression of PDS, TPO and TSHR mRNA was 
higher in children compared to adults (22-59 years) 
and older patients (>60 years) as well.30

CLInICAL PREsEnTATIon

Thyroid cancer in children usually presents as a 
solitary nodule.31,32 The incidence of clinically palpable 
thyroid nodules in children is estimated to be around 
1-1.5% and in adolescents up to 13%.33 Nodules in 
children carry a greater risk of malignancy compared 
to those in adults (22-26% versus 5-10% in most 
series).34-36 It is noteworthy that even autonomously 
functioning hot nodules carry a higher risk of malig-
nancy compared to those in adults, i.e. up to 30% in 

Table 1. Differences of differentiated thyroid cancer in childhood compared to adults.
nodular disease 4-fold higher risk for malignancy (22-26% vs 5-10%)
genetic background PET/PTC rearrangements 30-70% vs 10-20%  and BRAF mutations 10% vs 40-50%
Clinical course lMN metastases 80% vs 20-50% of adults and pulmonary metastases in 9-30% vs 2-9% of adults
outcome Better NIS expression and better response to RAI




