
Am. J. Biomed. Sci. 2014, 6(4), 254-264; doi: 10.5099/aj140400254    © 2014 by NWPII. All rights reserved                       254 

 

     American Journal of 
Biomedical Sciences 

ISSN: 1937-9080 

nwpii.com/ajbms
 

 

The Etiology, Diagnosis and Treatment of Differentiated Thyroid 

Carcinoma in Children and Adolescents 
 

Jiangqiao Geng
1,2

, Jun Tai
1,2

, Bojun Wei
3
, Yongli Guo

2
, Xin Ni

1,2
* 

 

1
Department of Otolaryngology, Head and Neck Surgery, Beijing Children’s Hospital, Capital Medical 

University, Beijing, PR China. 
2
Beijing Key Laboratory for Pediatric Diseases of Otolaryngology, Head and Neck Surgery, Beijing 

Pediatric Research Institute, Beijing Children’s Hospital, Capital Medical University, Beijing, PR China. 
3
Department of Otolaryngology, Head and Neck Surgery, Beijing Shijitan

,
s Hospital, Capital Medical 

University, Beijing, PR China. 
*Corresponding author:  

Xin Ni, Ph. D. 

Department of Otolaryngology 

Head and Neck Surgery 

Beijing Children’s Hospital 

Capital Medical University 

Beijing 100045, PR. China 

Tel: 0086-010-59616896 

Email: nixin@bch.com.cn  

 
Received: 21 October 2014; | Revised: 18 November 2014; | Accepted: 18 December 2014 
 

Abstract 

 

 Differentiated thyroid carcinoma (DTC) of epithelium origin in children and adolescents is an 

uncommon malignancy with an excellent prognosis. However, pediatric DTC always presents at advanced 

stages and with higher rates of recurrence. This review aims at the current findings of etiology, diagnosis and 

therapeutic approach for pediatric DTC. Radiation exposure is the only established risk of pediatric DTC, 

which was first discovered more than half a century ago. Research uncovers family history of thyroid 

carcinoma and nonthyroid malignant tumors may also be a risk factor in children DTC. Conventional 

diagnostic methods including palpation, ultrasonography and fine needle aspiration cytology (FNAC), may 

provide definitive diagnoses for many patients. For patients cannot be confirmed, molecular markers such as 

BRAF V600E and RAS mutations as well as RET-PTC rearrangements maybe improved diagnosis of 

thyroid nodules. Although recurrence is common, the outcome is favorable when appropriately treated. To 

minimize the risk of recurrence, total thyroidectomy, central compartment dissection, with or without lateral 

compartment dissection should be the surgical procedure for most pediatric DTC. Furthermore, suppression 

of serum thyroid stimulating hormone, radioactive iodine therapy for remnant ablation and a long-term 

follow-up should be done for most pediatric DTC.  
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1. Introduction  

 

The incidence of thyroid carcinoma (TC), 

the most common endocrine malignancy of the 

head and neck, has dramatically increased in 

recent decades [1]. In the United States, the 

average annual increase in TC occurrence is the 

highest among all malignant tumors between 

2000 and 2009 partly owing to the improvement 

of diagnostic techniques. Based on the 

histological types, TC can be classified as 

papillary, follicular, medullary, anaplastic thyroid 

carcinoma and other rare categories [2]. Papillary 

and follicular types are differentiated thyroid 

carcinomas (DTC), which account for ＞ 90% of 

all thyroid carcinomas in both children and adults 

[3].  

For children, the annual increase rate is 1.1 

% in the incidence of TC over the 31 years study 

period [4]. A recent study summarizing the DTC 

incidence rate in the USA from 1984 to 2010 

showed that the DTC in children (0-14 years) is 

1.11 per million, much lower than that in older 

(15-29 years) population which is 34.56 per 

million [5]. Despite of the lower occurrence and 

death rate in children and adolescences, the DTC 

recurrence frequency is much higher than that in 

adults and 8%-50% of thyroid nodules are 

malignant [6, 7]. The pediatric DTC commonly 

present with larger painless palpable thyroid 

and/or neck lumps and is readily neglected. 

Therefore, often time, the disease has developed 

to its advanced stages in the very first admission 

when the clinical presentation becomes obvious 

enough for patients’ attention. Some 

severe patients present with dysphagia, cough, 

hoarseness, airway obstruction or even distant 

metastasis to lung or bone at the time of 

diagnosis. Despite of delayed diagnosis, the death 

rate and risk of DTC recurrence could be 

minimized with proper treatments [4, 5, 8, 9]. 

 

 

 

2. Etiology 

 

Radiation exposure is an established risk of 

pediatric DTC, which was first discovered more 

than half a century ago in children treated for 

tinea capitis and acne with irradiation [10, 11]. 

Recently, a British study showed that thyroid 

second primary malignancy can develop after 

exposure to radiotherapy and the risk of TC was 

highest in patients treated for Hodgkin’s disease 

and Non Hodgkin's Lymphoma [12]. Radiation 

exposure as a risk factor for pediatric DTC have 

ascertained after the atomic blasts in Japan, 

Chernobyl and Fukushima disasters [13-16]. As 

of September 2013, 59 children had been 

diagnosed with TC by fine needle aspiration 

cytology (FNAC) out of the 360,000 Japanese 

children lived in the area at the time of the 

Fukushima nuclear leakage in 2011 [16]. 

Diagnostic radiation such as pelvimetry and 

childhood computed tomography (CT) has also 

been linked with increased incidence of pediatric 

DTC. So physicians should limit CT scanning in 

children and protect the thyroid when cervical CT 

scans are unavoidable [17]. 

Recently, the genetic alteration of DTC is 

receiving much attention. Some genetic 

syndromes such as Werner syndrome caused by a 

mutation in the WRN gene, Gardner syndrome 

caused by mutation in chromosome 5q21 and 

Cowden syndrome caused by mutation in the 

PTEN gene are proved associated with thyroid 

carcinoma. The congenital hypothyroidism 

caused by mutations in the TPO gene is also 

proved can lead to DTC. These patients most 

likely have a susceptibility gene that increases the 

risk of thyroid cancer [18]. However, patients 

with these familial syndromes are rare. For the 

majority of patients, BRAF V600E mutation, 

RAS mutation and RET/PTC rearrangement are 

the fundamental roles in the tumorigenesis of 

DTC. BRAF V600E mutation belongs to the 

family of RAF and activates the mitogen-

activated protein kinase (MAPK). The 
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importance of MAPK pathway has been well 

established in DTC, especially for PTC. The 

classical MAPK pathway is driven firstly by an 

extracellular mitogenic stimulus that activates a 

receptor tyrosine kinase (RTK) in the cellular 

membrane and in turn to active RAS, BRAF, 

MEK and ERK. Activated ERK enters the 

nucleus and then upregulates tumor promoting 

genes and downregulates tumor suppressor genes 

[2, 19]. Recently, a study of pediatric PTC 

demonstrates that BRAF V600E mutations occur 

in 63% patients at a rate comparable to adults 

[20]. What is more meaningful is the gene 

mutation rarely appears in thyroid benign tumor 

and inflammatory diseases of the thyroid gland. 

RAS mutation is another prevailing mutation in 

DTC and often occurrences in follicular thyroid 

carcinoma. There are three subtypes of RAS: 

NRAS, KRAS and HRAS. NRAS seems to be a 

predominantly mutation in DTC and activates the 

PI3K–AKT pathway in thyroid tumorigenesis 

[21]. The PI3K–AKT pathway also has a 

fundamental role in DTC tumorigenesis and the 

function was initially revealed by the finding of 

increased expression and activation of AKT in 

DTC [22]. Extracellular signal activates RTK in 

the cell membrane, leading to the activation of 

RAS and subsequent activation of PI3K. 

Activated PI3K further phosphorylate AKT. 

Phosphorylated AKT, which is an activated form 

of AKT, enters the nucleus where it induces 

tumor-promoting genes and then leads to thyroid 

carcinoma cell growth and proliferation. 

RET/PTC rearrangements are more common in 

pediatric DTC than in adults. RET/PTC1 and 

RET/PTC3 rearrangements are the two main 

mutations which account for 80% of the 

RET/PTC rearrangements in DTC. RET/PTC1 

rearrangement is more common in sporadic DTC 

and RET/PTC3 is more common in radiation-

induced DTC.  

Family history may also be a risk factor in 

children DTC. A European case-control study in 

children and adolescents indicated that papillary 

thyroid carcinoma (PTC) was significantly 

related to family history of thyroid carcinoma, 

residence in an endemic goiter area, benign 

thyroid disease and nonthyroid malignant tumors 

[23]. Nevertheless, the association of family 

history with DTC remains to be determined due 

to the limited number of patients recruited in this 

study. In addition, environmental pollution and 

iodine in the diet is also thought associated with 

thyroid carcinoma.  

 

3. Diagnostics  

 

Current approaches such as palpation, 

ultrasonography and FNAC are able to provide 

definitive diagnoses for most of patients with 

some difficult cases not being confirmed [24, 25]. 

In additional, serum thyrotropic-stimulating 

hormone (TSH), thyroglobulin, thyroglobulin 

antibodies, free T4 and/or total T4 and free T3 

and/or total T3 should be obtained when thyroid 

nodules are detected. However, these parameters 

only play a supplementary role with low 

sensitivities and specificities in the diagnosis of 

thyroid carcinoma.  

Thyroid nodule is an alarming sign for the 

diagnosis of pediatric DTC. Palpation is one of 

the primary approaches of diagnosis for pediatric 

DTC. Unfortunately this approach is largely 

depending on physician’s experience. In view of 

this, thyroid ultrasonography should be 

performed for patients with suspected thyroid 

carcinoma, thyroid nodules, or persistent enlarged 

cervical lymph nodes. Ultrasonography is a 

useful tool to detect lateral cervical lymph nodes 

and assure the accuracy of lymph node 

dissection. Nodule height greater than width, 

microcalcifications, absent halo sign, increased 

intranodular vascularity ， hypoechogenicity, 

solid nodule structure, irregularity and variable 

echotexture are considered to be the specific 

ultrasonography characteristics of thyroid 

carcinoma in adults [26, 27]. In children the most 

reliable ultrasound diagnostic criteria for DTC 

were irregular tumor outline, subcapsular 

location, and increased intranodular 

vascularization by Doppler technique [28]. 

Thyroid ultrasonography is currently the most 

accurate imaging modality for detecting DTC. 

However, it cannot reliably distinguish between 

benign thyroid nodules and malignant 

differentiated thyroid cancer [29, 30].  

FNAC especially ultrasonography-guided 

FNAC is one of the most accurate diagnostic tests 
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for thyroid nodules in children and adolescents. A 

good concordance between FNAC and surgical 

biopsies has been proved in children and 

adolescents [24, 25]. A recent meta-analysis 

showed sensitivity and specificity of FNAC in 

predicting malignancy were 94% (95% CI, 86%-

100%) and 81% (95% CI, 72%-91%), 

respectively [7]. The preoperative FNAC 

assessment has substantially reduced the number 

of patients otherwise being assigned to diagnostic 

surgery after which being proved to be benign. 

Therefore, a FNAC should be carried out when a 

child with a thyroid nodule was suspected for 

DTC. However, FNAC has its limitations in 

children since children are more susceptible to 

the discomfort making it difficult to constrain 

their position for the convenience of needle 

application. Thus, thyroid FNAC in children is 

often performed with sedation. In addition to, a 

study from the USA showed that a median of 

17% (10–26%) of FNAC undertaken were 

indeterminate and 6% (1–11%) were non-

diagnostic [31]. Most patients with an 

indeterminate or non-diagnostic FNAC specimen 

confused with whether they should undergo 

diagnostic surgery or watchful waiting. The 

question for these patients is whether other 

diagnostic techniques are available to help them 

make the right choices.  

Fortunately, diagnosis based on gene 

detection becomes increasingly applicable. BRAF 

V600E mutations, RAS mutations, RET-PTC 

rearrangements and PAX8-PPARγ 

rearrangements of FNA samples have been used 

for evaluate indeterminate or non-diagnostic 

thyroid nodules [32-35]. Nikiforov and 

colleagues have conducted the most large-scale 

prospective study so for, which used these four 

gene detections to investigate the clinical utility 

of molecular testing of thyroid FNA samples with 

indeterminate cytology [36]. The positive rate of 

any mutation conferred the risk of TC in 

suspicious for malignant cells, specific categories 

of indeterminate cytology and follicular 

neoplasm/suspicious for a follicular neoplasm 

was 95%, 88% and 87%, respectively. The risk of 

cancer in mutation-negative nodules was 28%, 

6% and 14%, respectively. Among these 

molecular markers, BRAF mutation is the focus 

of attention [32, 37-39]. BRAF mutation, which 

causes constitutive activation of the 

serine/threonine kinase has been demonstrated a 

strong association with extrathyroidal extension, 

advanced disease stages, lymph node metastasis 

and disease recurrence of PTC. However, the 

prevalence of the BRAF mutation in the pediatric 

PTC is variable from 3.2% to 63%, and the 

relationship between BRAF status and aggressive 

tumor behavior remains unclear in children and 

adolescents [20, 40]. It must be realized that 

understanding of the relevance between these 

genetic markers and pediatric DTC is very 

important for diagnosis, treatment planning, and 

targeted therapy. 

 

4. Treatment  

 

Since pediatric DTC is an aggressive disease 

with high recurrences, a perfect treatment plan to 

minimize the risk of recurrence and 

complications should be formulated. Appropriate 

operation scheme, radioactive iodine (RAI) 

therapy for remnant ablation and suppression of 

thyroid stimulating hormone (TSH) are helpful to 

achieve the purpose (Fig 1).  

 

 
 
Fig 1.  Diagnosis and treatment of pediatric DTC. US 

= ultrasonography, FNAC = fine needle aspiration 

cytology, TST = thyrotropic-stimulating hormone, 

RAI= radioactive iodine. 

 

Surgery containing thyroid surgery and neck 

dissection is the cornerstone of treatment for 

pediatric DTC but the scope of surgical resection 

for pediatric patients is under debate. The two 

main options for thyroid surgery are 

hemithyroidectomy and total thyroidectomy (TT) 

[41, 42]. For hemithyroidectomy, the 
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contralateral parathyroid gland and the recurrent 

laryngeal nerve are intact. Thus, the incidence of 

postoperative hypoparathyroidism and recurrent 

laryngeal nerve paralysis significantly decreased. 

Hemithyroidectomy is favored for treatment of 

DTC which is unifocal and less than 1 cm in 

diameter by some experts. However most 

pediatric DTC are usually multifocal, bilateral 

and advanced at presentation, so TT was 

recommended for most children and adolescent 

patients (Table 1). In spite of no randomized 

controlled trials have examined which of the two 

surgical approaches is better so for, more and 

more experts advise TT [23, 43-46]. A recent 

study demonstrated that the patients with larger 

tumors, nodal metastases, higher family income 

as well as private insurance were more likely to 

undergo TT [43]. Proponents of TT note several 

key clinical advantages of the extensive surgical 

management. Firstly, pediatric DTC is commonly 

with a high proportion of multifocal and bilateral 

at the time of presentation thus TT should be 

more likely to remove all disease foci and 

minimize the need for reoperation. Secondly, the 

increased level of serum thyroglobulin for the 

patient with TT is a sensitive marker of disease 

recurrence. Thirdly, RAI remnant ablation can be 

used to treat and detect local and distant 

metastases if patients undergo TT. Of course, TT 

may be associated with higher surgical 

complications compared with hemithyroidectomy 

especially done by inexperienced surgeons [47].  

Neck dissection is another important part of 

the surgical treatment includes central 

compartment dissection and lateral compartment 

dissection [42, 48]. Central compartment 

dissection is evidently needed for pediatric DTC 

with prelaryngeal, pretracheal or paratracheal 

lymph nodes involved. For pediatric DTC 

without obvious nodal involvement, prophylactic 

central compartment dissection may be 

considered for advanced tumor size and with 

extrathyroid extension [49]. For patients with low 

risk (unifocal microscopic thyroid carcinoma，

without radiation exposure, without 

extrathyroidal extension or confirmed lymph-

node metastases) the absolute benefits obtained 

from prophylactic central compartment dissection 

might be outweighed by other considerations. 

However, approximately 90% of children with 

DTC will have lymph node metastasis and 50% 

of them are not detectable by preoperative 

ultrasonography and central compartment 

recurrence often precludes long-term cure [50, 

51]. Thus, TT and central compartment lymph 

node dissection was recommended as part of the 

initial operation for most pediatric DTC. In 

addition, lateral compartment dissection with 

lymph node removal is indicated when lateral 

lymph node is involved.  

RAI therapy has gained an increasing 

foothold in DTC treatment when properly applied 

after TT since more than 60 years ago [52]. In 

children and adolescents, RAI therapy is 

recommended for patients with neck metastasis, 

distant metastasis, extrathyroidal extension, 

vascular invasion or multifocal disease [8, 53, 

54]. There are several cardinal advantages of RAI 

[55, 56]，First，RAI treatment may reduce the 

risk of recurrence and mortality. Second, RAI is 

administered orally and only one course of 

treatment is needed usually. Third, the ionizing 

radiation produced by 
131

I irradiates the 

metastasis from inside to outside confined to a 

few millimeters in tissue. Finally, 
131

I will be 

concentrated selectively and retained in the tumor 

even for small DTC metastases not detected by 

ultrasonography or MRI [57]. Of course, there are 

several cardinal disadvantages of RAI. Firstly, 

accumulation of RAI may be associated with an 

increased risk of pulmonary fibrosis and second 

primary malignancies [58]. Secondly, RAI use is 

still controversial especially for low-risk patients. 

Based on the majority of pediatric patients with 

DTC are advanced at presentation, it is suggested 

that most children should be treated with RAI to 

ablate residual disease and reduce the risk of 

disease recurrence, morbidity and mortality. 

TSH suppression with levothyroxine 

postoperatively in pediatric DTC is a standard 

therapy for it is well recognized that TSH 

suppression can improves survival and prolongs 

time to recurrence. Nevertheless children’s 

behavior and learning may suffer from 

levothyroxine at high dosage and it is not clear 

whether complete suppression of TSH secretion 

confers benefit for low-risk patients [59]. 
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Table 1 Surgical treatment of pediatric DTC 

 PTC FTC 

TT Any present 

Age ＜ 15 y   

Radiation history      

Distant metastasis             

Bilateral nodularity            

Extrathyroidal extension        

Aggressive variant             

Tumor ＞ 1 cm in diameter     

CLN metastasis 

Any present 

Vascular invasive           

Metastatic cancer  

Bilateral nodularity 

Extrathyroidal extension 

Patient preference 

HT All present 

Age ≥ 15 y                

No radiation history           

No distant metastasis           

No CLN metastasis            

No extrathyroidal extension     

No aggressive variant 

Tumor ＜ 1 cm in diameter 

All present 

No vascular invasive 

No metastasis 

Unifocal  

No extrathyroidal extension 

CND         
 

CCLN positive 
CCLN indeterminate 

CCLN positive 
 

LND        LCLN positive or suspicious  LCLN positive 

Table 1 DTC = differentiated thyroid carcinoma, PTC = papillary thyroid carcinoma, FTC = follicular thyroid 

carcinoma, TT = total thyroidectomy, CLN = cervical lymph node, HT = Hemithyroidectomy, CND = central neck 

dissection, CCLN = central cervical lymph node, LND = lateral neck dissection, LCLN = lateral cervical lymph node.  

 

 

5. Prognosis  

 

Despite the advanced presentation of 

pediatric DTC, long-term follow-up shows better 

diseases-specific survival than in adults. Survival 

over decades is common for children and 10-year 

survival closes to 100%, 30-year survival over 

90% even with distant metastasis [49]. In a 

European study, the overall survival rate of 

pediatric DTC for more than years was 100% 

[44]. Similarly, in an American research for 1753 

pediatric TC, patients with papillary thyroid 

cancer had 98% 5-y survival, 97% 15-y survival, 

and 91% 30-y survival. Patients with follicular 

carcinoma had 96% 5-y survival, 95% 15-y 

survival, and 92% 30-y survival [4]. However, 

recurrences after 30 years also have been reported 

after initial diagnosis and therapy in pediatric 

DTC. Therefore, the follow-up of children and 

adolescents with DTC should be continued 

lifelong.  

 

6. Follow-up 
 

In the first five years after initial therapy the 

follow-up care should be taken twice yearly 

involves the assessment of thyroglobulin, T3, free 

T3, T4, free T4 and thyrotropic stimulating 

hormone, ultrasonography of the neck and 

wholebody radioiodine scans. Thereafter, annual 

measurement until disease free, with additional 

thyroid function testing 6 weeks following 

dosage of levothyroxine adjustment [60, 61]. 

Then the pertinent issue is whether a patient with 

TT and RAI therapy is disease free. If the 

stimulated thyroglobulin is undetectable, no 

disease is present in most patients. If the level is 

0.1–2.0 μg/L 30% will have residual disease, if 

the level is 2.0 –10.0 μg /L it is likely that 
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residual disease is present, both of which follow-

up neck ultrasonography is indicated. 

 

 

7. Conclusions 

 

Pediatric DTC, typically presents with 

lymph node metastases and is associated with 

relatively high recurrence rates, accounts for 

95% all of cases of thyroid carcinoma. Although 

recurrence is common, the outcome is favorable 

when appropriately treated and long-term 

followed-up is performed. To minimize the risk 

of recurrence, total thyroidectomy, central 

compartment dissection, with or without lateral 

compartment dissection should be performed by 

a high-volume thyroid surgeon for most of 

primary and recurrent DTC patients in children 

and adolescents. Furthermore, suppression of 

serum TSH with levothyroxine, RAI therapy for 

remnant ablation and a long-term follow-up 

should be done for most pediatric DTC.  
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