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Abstract:    Objective: To study the clinical characteristics, treatment, and prognosis of thyroid cancer in children and 
adolescents. Methods: We performed a retrospective analysis of clinical data from 83 cases of thyroid cancer in chil-
dren and adolescents from January 1990 to December 2010. We compared extra-thyroid extension, lymph node 
metastasis, distant metastasis, and prognosis between pediatric patients ≤12 years of age (27 cases) and those  
>12 years of age (56 cases). All the patients agreed to undergo thyroidectomy and endocrine therapy, and the consent 
was obtained from parents or guardians. Results: Histopathology included papillary carcinoma in 67 cases, papillary 
carcinoma with partial follicular growth pattern in 1 case, papillary carcinoma with squamous metaplasia in 4 cases, 
follicular carcinoma in 7 cases, medullary carcinoma in 3 cases, and poorly differentiated carcinoma in 1 case. The 
total lymph node metastasis rate was 78.31%. Patients ≤12 years of age showed a higher rate of lymph node me-
tastasis than the older group (92.59% vs. 71.43%, P=0.028). The incidence rate in females in the older group was 
higher than that in the younger group (80.36% vs. 59.26%, P=0.041). There were no significant differences in  
extra-thyroid extension, distant metastasis, survival rate, or recurrent disease between the two groups. Conclusions: 
The lymph node metastasis of thyroid cancer is higher in patients ≤12 years of age than in those >12 years of age; the 
incidence rate is higher in females than in males. Childhood thyroid cancer has a good prognosis, surgery being the 
most effective treatment. Choosing a reasonable surgery method and comprehensive postoperative treatment can 
achieve a cure and satisfactory survival rate. 
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1  Introduction 
 

Thyroid cancer is rare in children and adoles-
cents, having a different clinical presentation and 
course from adults (Vaisman et al., 2011), in partic-
ular a high rate of malignancy. The incidence of ma-
lignant thyroid nodules in adults is about 5%, while in 
children and adolescents it is up to 25% (Baş et al., 
2012; Osipoff and Wilson, 2012), with the risk being 
higher at a younger age (Alessandri et al., 2000). 
Despite this, the prognosis is acceptable but aspects of 

the treatment of thyroid cancer in children and ado-
lescents are still controversial, for example whether 
children need to undergo aggressive therapy includ-
ing total thyroidectomy and radioactive iodine (RAI) 
therapy after initial surgery. It is unclear whether 
younger patients are at greater risk for more extensive 
and recurrent disease and the American Thyroid As-
sociation (ATA) guidelines recommend that “prepu-
bertal” and “pubertal/postpubertal” children should 
be studied to improve uniformity and accuracy 
(Francis et al., 2015). 

In this study, we reviewed retrospective clinical 
information from 83 patients up to 18 years of age, 
who underwent surgery at our hospital for diagnosis 
and treatment of thyroid cancer. We analyzed the 
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clinical features, effectiveness of our surgical approach, 
RAI therapy, thyroxin suppressive-substitutional treat-
ment, and the long-term outcome of our patients. 

 
 

2  Patients and methods 

2.1  Patients 

This study is a retrospective analysis of data 
from 83 pediatric patients suffering from thyroid 
cancer, aged from 6 to 18 years (mean (14.12± 
2.83) years). Patients’ general characteristics are 
presented in Table 1. All patients were operated on by 
the same surgeon at the Department of Head and 
Neck Surgery, Zhejiang Cancer Hospital (Hangzhou, 
China) from January 1990 to December 2010. 

2.2  Group and follow-up 

Patients were divided into two groups according 
to age: ≤12 and >12 years old. The younger group 
included 27 patients, 16 females and 11 males (1.45:1), 
while the older group included 56 patients, 45 females 
and 11 males (4.09:1). The differences in tumor lo-
cation, extra-thyroid extension, lymph node metasta-
sis, distant metastasis, and prognosis were compared 
between the two groups. Patients were followed up by 
telephone or letter and parents or guardians were 
surveyed in case patients were still minors. All of 
them were successfully followed up for 5–25 years 
(mean (11.48±5.46) years); however, 12 patients were 
lost to contact 10 years after initial surgery. 

Preoperatively all patients received cervical and 
abdominal ultrasound examination, neck and chest 
computed tomography (CT) scan, indirect laryngos-
copy, and complete thyroid hormone analysis in-
cluding antibodies, thyroglobulin, calcitonin, and 
parathyroid hormone. Metastasis and node involve-
ment were determined by clinical and pathological 
findings. Extra-thyroidal extension was evaluated 
through either clinical or pathological results. The 
postoperative pathological tumor-node-metastasis 
(pTNM) classification is according to the American 
Joint Committee on Cancer (AJCC) (Edge and 
Compton, 2010). 

2.3  Statistical analysis 

All results were analyzed by GraphPad Prism 
Version 6.0 (GraphPad Software for Science, San 

Diego, CA) statistical software. χ2 test and Fisher 
exact probability analysis were used to test the dif-
ference between categorical variables. The statistical 
significance level was set at P<0.05. 

 
 

3  Results 

3.1  Clinical features 

Sixty-one patients were females and 22 were 
males (2.77:1). Most presented with a neck lump: 
mean tumor diameter was (2.81±1.23) cm. Fifty-seven 
(68.67%) were unilateral lobe tumors and 50 (60.24%) 
were solitary tumors (Table 1). All patients under-
went a surgical procedure shown in Table 2; 13 chil-
dren underwent RAI therapy after initial surgery, 8 of 
them in the >12 years old group and 5 in the younger 
group. The incidence was higher in females than in 
males. The bilateral laryngeal recurrent nerve was 
invaded in 2 cases and the unilateral nerve in 4 cases. 
Five cases extended to the cervical anterior muscle,  
3 cases involved vascular tumor thrombus and 2 in-
volved the tracheal membrane, fatty tissue surround-
ing muscle, and the esophageal muscle layer exclud-
ing laryngeal recurrent nerve invasion. In 9 cases, 
cervical anterior muscle and surrounding tissues only 
were invaded (Table 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 1  Patients’ basic characteristics 

Characteristics
Value* 

Total ≤12 years >12 years

Sex    

Male 22 (26.51%) 11 (40.74%) 11 (19.64%)

Female 61 (73.49%) 16 (59.26%) 45 (80.36%)

Age (year) 14.12±2.83 11.67±2.04 16.80±1.12

Primary symptom 

Neck lump 81 (97.60%) 27 (100%) 54 (96.42%)

Hoarseness 1 (1.20%) 0 (0%) 1 (1.79%)

Dyspnea 1 (1.20%) 0 (0%) 1 (1.79%)
Tumor diameter 

(cm) 
2.81±1.23 2.78±1.48 2.83±1.29

Tumor location    

Unilaterality 57 (68.67%) 19 (70.37%) 38 (67.86%)

Bilaterality 26 (31.33%) 8 (29.63%) 18 (32.14%)

Multifocality    

Solitary 50 (60.24%) 16 (59.26%) 34 (60.71%)

Mutifocal 33 (39.76%) 11 (40.74%) 22 (39.29%)
* Values are expressed as number (percent) or mean±standard devi-
ation (SD) 
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3.2  Pathology and TNM classification 

Pathological type is shown in Table 3. The ma-
jority of patients (67/83 or 80.72%) presented with 
papillary carcinoma, follicular and medullary carci-
noma accounted for 7/83 (8.43%) and 3/83 (3.61%), 
respectively, and poorly differentiated carcinoma and 
papillary carcinoma with squamous metaplasia for 
1/83 (1.20%) and 4/83 (4.82%), respectively. All 

postoperative patients’ pTNM was classified ac-
cording to AJCC (Table 4). Eighty-one cases were at 
clinical stage I and two cases at stage II. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3  Metastasis and extra-thyroid extension 

The aggressiveness of the two groups, 12 years 
old or younger and older than 12 years, was compared 
(Table 5 and Fig. 1). There was total lymph node 
metastasis in 65/83 (78.31%), unilateral central 
lymph node metastasis in 7/65 (10.77%), unilateral 
cervical lymph node metastasis in 35/65 (53.85%), 
and bilateral cervical lymph node metastases in 23/65 
(35.38%). The occurrence of cervical lymph node 
metastasis in the younger group was significantly 
higher than that in the older group (92.59% vs. 
71.43%, P=0.028), but there were no differences in 
tumor location, extra-thyroid extension, or distant 
metastasis (P=0.811, P=0.920, and P=0.548, respec-
tively). The female incidence of thyroid cancer in the 
older group was significantly higher than that in the 
younger group (80.36% vs. 59.26%, P=0.041). 

Table 2  Surgical procedures of 83 cases 

Operation mode 
Case number 

Total ≤12 years >12 years
UT+UniMRND 40 14 26 
UT+UniCND 9 1 8 
UT+Opp PT 5 0 5 
UT+Opp PT+BilMRND 7 2 5 
UT+BilMRND 1 1 0 
Bil PT+UniMRND 1 1 0 
TT+UniMRND 5 2 3 
TT+BilMRND 14 6 8 
TT+UniMRND+Opp CND 1 0 1 

UT: unilateral thyroidectomy; PT: partial thyroidectomy; TT: total 
thyroidectomy; CND: central neck dissection; MRND: modified 
radical neck dissection; Uni: unilateral; Bil: bilateral; Opp: opposite 

Table 3  Pathological type and encroachment scope of  
83 cases 

Parameter 
Case number 

Total ≤12 years >12 years
Pathological type    

Papillary carcinoma 67 19 48 
Papillary carcinoma with 

partial follicular growth 
pattern 

1 0 1 

Follicular carcinoma 7 2 5 
Medullary carcinoma 3 2 1 
Poorly differentiated  

carcinoma 
1 0 1 

Papillary carcinoma with 
squamous metaplasia 

4 4 0 

Encroachment scope    
Double-side RLN 2 2 0 
One-side RLN 4 1 3 
Neck muscles and  

surrounding tissue 
9 3 6 

One-side RLN, neck 
muscles and surrounding 
tissue 

5 0 5 

Vessel tumor embolus 3 2 1 
One-side RLN, muscles, 

trachea tunica adventitia, 
and tunica muscularis 
esophagi 

2 0 2 

RLN: recurrent laryngeal nerve 

Table 4  pTNM classification and clinical stage of the 
patients 

TNM and clinical stage
DTC/MTC/P-DTC 

≤12 years >12 years 
T1–4N0M0   

T1a 1/0/0 2/0/0 
T1b 0/1/0 1/0/0 
T2 3/0/0 9/0/0 
T3 0/0/0 1/0/0 
T4a 0/0/0 1/0/0 

T1–4N1aM0   
T2 0/0/0 4/0/0 
T3 0/0/0 2/0/0 

T1–4N1bM0   
T1a 0/0/0 2/0/0 
T1b 3/0/0 4/0/0 
T2 8/0/0 15/0/0 
T3 7/0/0 10/0/0 
T4a 2/0/0 3/0/1 
T4b 1/0/0 0/0/0 

T1–4N0–1M1   
T2N0M1 0/0/0 1/0/0 
T4bN1bM1 1/0/0 0/0/0 
Total 27 56 

Clinical stage   
I 26/0/0 55/0/0 
II 1/0/0 1/0/0 
Total 27 56 

DTC: differentiated thyroid carcinoma; MTC: medullary thyroid 
carcinoma; P-DTC: poorly differentiated thyroid carcinoma. The 
TNM and clinical stage were not listed above if there was no patient 
included 
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3.4  Postoperative complications 

There were relatively few postoperative com-
plications. One case underwent permanent tracheal 
fistula because the bilateral laryngeal recurrent nerves 
were invaded and resected. One case underwent tra-
cheotomy due to bilateral vocal cord paralysis and 
recovered three months later without dyspnea and 
hoarseness, while permanent hoarseness occurred in 
three cases on account of unilateral laryngeal recur-
rent nerve invasion and resection. In four cases tran-
sient hypoparathyroidism improved after calcium 
treatment, while in one case hypoparathyroidism was 
permanent. All patients underwent endocrine therapy 
with oral administration of levothyroxine. 

3.5  Follow-up 

All patients were followed up after initial ther-
apy. Cervical lymph node metastasis was detected in 
10 patients, in which 3 patients had local recurrence 
and 1 had lymph node metastasis. There were 6  
patients with lung metastasis and 1 with lung metas-
tasis accompanied by bone metastasis. Postoperative 

 
 
 
 
 
 
 
 
 

follow-up was at least 5 years on average, and at 
present, all patients were alive except the 12 patients 
who were lost to contact, of whom 10 with distant 
metastasis survived for more than 5 years. All patients 
received endocrine therapy with thyroid hormone 
tablets, and their growth and intelligence were normal. 

3.6  Prognosis 

All the children in the two groups survived for  
5 years after initial treatment. There was no signifi-
cant difference in recurrent disease between the two 
groups including local recurrence (0/27 or 0.0% vs. 
3/56 or 5.4%, P=0.302), lymph node metastasis (3/27 
or 11.1% vs. 7/56 or 12.5%, P=0.547), lung metasta-
sis (2/27 or 7.4% vs. 5/56 or 8.9%, P=0.589), and 
bone metastasis (1/27 or 3.7% vs. 0/56 or 0.0%, P= 
0.325) , as shown in Fig. 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
4  Discussion 

 
Thyroid cancer in children and adolescents al-

ways manifests with a neck mass, which is too small 
to diagnose at the early stage. In this study, 97.59% of 

Table 5  Comparison of the invasive capacity of thyroid carcinoma between two groups 

Group 
Total 

number 
Location Extra-thyroid extension Lymph node metastasis Distant metastasis 

Unilateral Bilateral Yes No Yes No Yes No 
≤12 years 27 19  

(70.37%) 
8  

(29.63%) 
8  

(29.63%)
19  

(70.37%)
25  

(92.59%)
2  

(7.41%) 
1  

(3.70%) 
26  

(96.30%)
>12 years 56 38  

(67.86%) 
18  

(32.14%) 
17  

(30.36%)
39  

(69.64%)
40  

(71.43%)
16  

(28.57%) 
1  

(1.79%) 
55  

(98.21%)
P value  0.811 0.920 0.028 0.548 

Data are expressed as number (percent) 

Fig. 1  Comparison of location and invasion of thyroid
cancer between the two groups of children  
All data are expressed as percent (%) 

Fig. 2  Mortality and recurrent disease of the two groups
of children 5 years after initial therapy 
All data are expressed as percent (%) 



Mao et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol)   2017 18(5):430-436 
 

434

patients were treated for neck mass. The incidence  
of thyroid cancer is similar in females and males  
at age ≤12 years with no statistical difference, but 
with significantly higher incidence in females at age  
>12 years. This difference was thought to be due to 
the increase in estrogen at puberty to be close to the 
adult level. 

The most pathological type of thyroid cancer 
was differentiated thyroid carcinoma. This group had 
1 case of poorly differentiated cancer, with a high 
degree of malignancy. This patient underwent cervi-
cal lymph node dissection and isotope therapy in the 
third and fourth years, respectively, after surgery. 
Bone metastasis was found 9 years after surgery; 
nevertheless, this patient was still alive after more 
than 11 years with a tumor. The adult 5-year survival 
rate for this type of cancer is approximately 40%, with 
most patients dying in the first 3 years after diagnosis 
because of local and distant metastasis (Ward et al., 
2006). However, it is uncertain whether the prognosis 
of poorly differentiated thyroid cancer in young pa-
tients is better than that in adults and further research 
on large samples is needed. 

Thyroid cancer in young patients often shows 
higher rates of distant metastases and recurrent dis-
ease than that in adults (Vaisman et al., 2011; 
Mihailovic et al., 2014). Some studies have found that 
the rate of metastases in side neck lymph nodes in 
patients over 18 years old is only 23.6%, but up to 
77% in patients 18 years old or younger (Dzepina, 
2012). The lateral neck lymph node metastasis rate in 
this study was 69.88% (35 cases unilateral and 23 
cases bilateral), which is compatible with reports in 
the literature (Dzepina, 2012; Jing et al., 2013). The 
rates of local lobe invasion and distant metastasis 
were 30.12% and 12.05%, respectively, both signifi-
cantly higher than those in adults (Schlumberger and 
Sherman, 2012). Research has shown that younger 
patients have more local and distant extensions 
(Grigsby et al., 2002; Dzodic et al., 2014), and the 
neck lymph node metastasis rate at patients ≤12 years 
old was obviously higher than that at patients  
>12 years old. However, there was no significant 
difference in the extra-thyroid extension or distant 
metastasis between the two groups. Therefore, cer-
vical lymph node metastasis should be noted in 
younger thyroid cancer patients, especially occult 
lymph node metastasis. 

B-ultrasound is always used to define thyroid 
nodules and assign an ultrasound risk to a lesion. Fine 
needle aspiration (FNA) cytological diagnosis is also 
highly accurate and widely implemented in clinical 
practice for nodules more than 1 cm (Gupta et al., 
2013). It is recommended that children who have a 
history of exposure to radiation, autoimmune thyroid 
disease, or a family history of thyroid cancer should 
be examined by FNA, even if the thyroid node is only 
a few centimeters in diameter, because thyroid cancer 
in children and adolescents is particularly invasive 
locally and at a distance. 

Surgery is the primary treatment for thyroid 
cancer. The ATA and some studies have suggested 
that if FNA or intra-operative frozen pathology 
proved thyroid cancer, total or subtotal thyroidectomy 
should be done to decrease the recurrence rate sig-
nificantly (Mihailovic et al., 2014; Francis et al., 
2015). However, recent studies have shown that not 
all patients benefit, and it is only recommended for 
those with distant metastasis or partial extra-thyroid 
extension (O'Gorman et al., 2010; Atabek, 2011; 
Adam et al., 2014). Children and adolescents are still 
growing and the surgical method needs to be chosen 
with care. The perfect surgical therapy should not 
only remove the tumor, but also avoid the onset of 
complications including permanent hypothyroidism, 
hypoparathyroidism, and neurological dysfunction. 
Our suggestions are as follows: (1) Primary tumor 
treatment: unilateral thyroid lobectomy or union with 
lateral partial thyroidectomy is adopted for unilateral 
well-differentiated cancer without external invasion 
and metastasis; the RET gene mutation test is rec-
ommended for patients with medullary carcinoma or 
with a family history of multiple endocrine neoplasia 
type 2 (MEN 2). Unilateral lobe resection is recom-
mended for unilateral carcinoma patients with no 
gene mutation, and total thyroidectomy for medullary 
carcinoma patients with gene mutation. Whether 
prophylactic total thyroidectomy can be done depends 
on the risk of MEN, according to the assessment of 
the RET gene mutation site (Kloos et al., 2009). Total 
thyroidectomy is recommended for thyroid cancer 
involving bilateral glands. (2) Treatment of lymph 
nodes: neck lymph node dissection is recommended 
for stage N1 patients. Some scholars suggest imple-
menting prophylactic cervical lymph node dissection 
on N0 patients because they consider that the lymph 
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node metastasis rate is higher in children and ado-
lescents (Patron et al., 2011). However, we think that 
the prognosis of differentiated thyroid cancer is fa-
vorable because cervical lymph node metastasis is not 
an independent factor affecting the prognosis of thy-
roid cancer in children and adolescents, and more 
complications occurred after lymph node dissection. 
We suggest that differentiated thyroid cancer patients 
with N0 should be accepted only for central region 
lymph node dissection, and full-neck lymph node 
dissection should be considered when lateral cervical 
lymph node metastasis appears during postoperative 
follow-up. The rate of cervical lymph node metastasis 
is high in hereditary medullary carcinoma patients 
and neck lymph node dissection is recommended. 
Selective lymph node dissection is recommended for 
other undifferentiated thyroid cancer patients with N0. 

Children and adolescents with differentiated 
thyroid cancer are offered endocrine therapy after 
surgery. ATA and some studies recommend that pa-
tients with distant metastases with a tumor diameter 
greater than 4 cm or 1–4 cm with lymph node me-
tastasis or other high risks should receive isotope 
therapy after surgery (Mihailovic et al., 2007; 2009). 
Our study found that children and adolescents with 
big primary foci and cervical lymph node metastasis 
had a good prognosis. Isotope therapy requires total 
thyroidectomy, and increases the incidences of se-
cond primary tumors (Leboulleux et al., 2012), bone 
marrow suppression, and kidney injury. Therefore, 
we believe that patients without distant metastasis  
or serious local invasion, especially young children, 
should choose isotope therapy with care. 

Patients without surgical indication and with re-
fractory differentiated thyroid cancer not taking I131, 
medullary thyroid carcinoma, and undifferentiated 
carcinoma did not benefit from traditional treatment; 
molecular targeted therapy was the best treatment 
choice for them. A 9-year-old patient in this group 
with thyroid papillary cancer with recurrent bilateral 
neck lymph node and lung metastasis accepted two 
courses of isotope therapy, but the pulmonary lesion 
did not reduce and the iodine scan was negative. A 
subsequent targeted therapy achieved a good result. 

This study showed that thyroid cancer in chil-
dren and adolescents has a high rate of lymph node 
metastasis, especially in patients at age ≤12 years,  
but the prognosis is acceptable. Attaching great im-

portance to its clinical features, improving the level of 
diagnosis, and selecting appropriate surgical proce-
dures and comprehensive postoperative treatment can 
achieve a satisfactory cure and survival rate. Active 
treatment should be given to children who have poor 
pathological differentiation or distant metastasis be-
cause it can also lead to a satisfactory clinical effect 
and longer survival with the tumor. 
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中文概要 
 
题 目：回顾性分析 83 例青少年甲状腺癌患者的临床特

征和治疗体会 

目 的：通过对青少年甲状腺癌患者的临床特征、治疗方

法以及患者预后的分析和总结，为将来青少年甲

状腺癌的治疗提供合理的治疗思路和方法。 

创新点：回顾 20 年的青少年甲状腺癌患者的临床特征和

治疗方式，分析治疗模式和观念的衍变，结合指

南推荐，总结本中心对青少年甲状腺癌的治疗体

会和经验，为青少年甲状腺癌患者提供更合理的

治疗方式。 

方 法：回顾性分析本中心 1990 年 1 月至 2010 年 12 月期

间收治的青少年甲状腺癌患者，并对其预后进行

随访。根据年龄以 12 岁为界分成≤12 岁和>12 岁

两组，分析两组患者的发病率、淋巴结转移、远

处转移、腺外侵犯、治疗方法和预后情况。 

结 论：所有青少年甲状腺癌患者以分化型癌为主，小于

12 岁患者的淋巴结转移率要明显高于大于 12 岁

组，同时在高龄组的患者中，女性的发病率要高

于男性。在腺外侵犯、远处转移、死亡率以及复

发性疾病等其他方面，两组无显著性差异。青少

年甲状腺癌患者的总体预后较好，选择手术为主

的综合性治疗方式将会得到较为满意的效果。 

关键词：青少年；甲状腺癌；临床特征；手术治疗 


