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ABSTRACT

Objective: The risk of malignancy in pediatric thyroid nodules is higher compared to the risk in 
adults. Our aim was to investigate the clinical, radiological, and histopathological characteris-
tics of pediatric thyroid nodules.

Materials and Methods: The data of 132 children and adolescents who had thyroid nodules 
were collected retrospectively from medical records.

Results: The mean age of the patients was 12.07 ± 4.08 years and 67% were female. Fine-needle 
aspiration biopsy was performed in 86 patients (65%) and the results were as follows: benign in 
53.4% (n = 46), atypia or follicular lesion of undetermined significance in 3.5% (n = 3), suspicious 
for follicular neoplasia in 2.3% (n = 2), and malignancy in 32.5% (n = 28). The overall malignancy 
rate was 22.7% (n = 30). Malignancy was detected after surgery in 2 thyroid nodules belong-
ing to the atypia or follicular lesion of undetermined significance category. Malignancy was 
detected in 7 patients who had autoimmune thyroiditis and in 1 patient who had congenital 
dyshormonogenesis. The malignancy rate of the nodules in the patients, who had autoimmune 
thyroiditis, was found to be 13.4%. Mixed echogenicity, microcalcifications, nodules larger than 
10 mm, abnormal lymph nodes, and irregular borders were more common in the malignant 
group. The nodule size, abnormal lymph nodes, and irregular borders were found to be signifi-
cant in terms of predicting malignancy.

Conclusion: We found malignancy in 22.7% of the thyroid nodules, and the malignancy rate of 
nodules in the patients, who had autoimmune thyroiditis, was 13.4%. The nodule size, abnormal 
lymph nodes, and irregular nodule borders emerged as the most significant risk factors for 
malignancy.
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INTRODUCTION

Thyroid nodules are rare in children. However, thyroid nodules in children have a malignancy 
risk of 22% to 26%, which is higher compared to adults. The malignancy rate of thyroid nod-
ules in adults ranges between 7% and 15%.1 Furthermore, increased incidences of pediatric 
thyroid nodules and thyroid cancers have been observed in recent studies.2,3 Until recent 
years, pediatric thyroid nodules were managed according to the recommendations of adult 
guidelines. However, a more sophisticated diagnostic approach is necessary in pediatric 
thyroid nodules, as pediatric thyroid cancers have different clinical outcomes. In 2015, a 
guideline was published by the American Thyroid Association (ATA) to evaluate thyroid nod-
ules in children and adolescents.4
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What is already known 
on this topic?
•	 Thyroid nodules are less fre-

quent in children, but malig-
nancy potential for pediatric 
thyroid nodules is as high as 
22%-26%.

What this study adds on 
this topic?
•	 In the present study, we found a 

high rate of malignancy (13.4%) 
in thyroid nodules in children 
with autoimmune thyroiditis 
(AT). We find this noteworthy 
since it indicates the necessity 
of close ultrasonographic fol-
low-up of patients with AT.
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It is known that pediatric thyroid cancers are more advanced 
at presentation and have increased risks of recurrence, and 
lymph node and distant metastasis.5 Thus, early diagnosis is 
crucial in the management of pediatric thyroid nodules.

Initially, children with thyroid nodules are evaluated accord-
ing to the clinical, laboratory, and ultrasonographic (US) find-
ings. Investigating the risk factors of thyroid cancer is crucial in 
making a decision for when to perform fine needle aspiration 
biopsy (FNAB). Fine needle aspiration biopsy is performed for 
nodules larger than 10 mm or nodules with risk factors sug-
gestive of malignancy (SM) even if they are smaller than 10 
mm. Presence of hypoechogenicity, irregular borders, micro-
calcifications, abnormal cervical lymph nodes, and increased 
central vascularization in nodule is considered suspicious for 
malignancy.4,6 The cytopathologic findings of thyroid nodules 
are categorized according to the Bethesda system and further 
treatment strategy is planned as intermittent follow-up with 
US, repeat FNAB, or surgery based on the Bethesda category.7

The malignancy risk is defined according to several character-
istics suggesting benignity or malignancy, mostly inferred from 
studies in adults. Data on the risk of malignancy of the thyroid 
nodule in children are limited due to the rarity of the thyroid 
nodule. Most studies in children are retrospective and include 
a limited number of cases.8-10

We aimed to compare clinical and US characteristics of patients 
with benign and malignant thyroid nodules and reported our 
experience in the management of patients with thyroid nodules 
who were followed up in the last 13 years.

MATERIALS AND METHODS

The study population consisted of children and adolescents 
with thyroid nodules who were followed up in our clinic between 
June 2006 and July 2019. Medical records of the patients were 
retrospectively reviewed.

Assays of serum thyroid-stimulating hormone (TSH) and free 
T4 were performed in all patients. Antithyroid peroxidase anti-
bodies and anti-thyroglobulin antibodies were measured in 
patients with clinical or radiological evidence of autoimmune 
thyroiditis (AT).

Ultrasonographic Evaluation
Ultrasonographic evaluation of thyroid nodules was per-
formed by experienced pediatric radiologists. Thyroid gland 
parenchyma, number of nodules, size and structure (solid, cys-
tic, mixed) of nodules; echogenicity (hyperechoic, isoechoic, 
hypoechoic, anechoic) of nodules; characteristics of the nod-
ule border (regular, irregular); vascularization pattern and 
the presence of microcalcifications and abnormal cervical 
lymph nodes were evaluated. Fine needle aspiration biopsy 
was performed under US guidance in all patients. Biopsy was 
performed in all nodules larger than 10 mm, and nodules that 
showed growth or developed suspicious US findings during 
follow-up. Suspicious US features for thyroid nodules were as 
follows: solid hypoechoic nodule, irregular nodule borders, 
microcalcifications, central hypervascularization, and pres-
ence of abnormal cervical lymph nodes. In addition, biopsy 
was performed in all patients who had previously treated with 
RT, even if the thyroid nodule size was <10 mm.

Cytological Examinations
The cytological examinations of the nodules were reported 
according to the Bethesda system which included 6 catego-
ries: Bethesda I as nondiagnostic or inadequate, Bethesda II 
as benign, Bethesda III as atypia or follicular lesion of undeter-
mined significance (AUS/FLUS), Bethesda IV as follicular neo-
plasm or suspicious for follicular neoplasm (SFN), Bethesda V 
as suggestive of malignancy (SM), and Bethesda VI as malig-
nant.4 Surgery was performed in all patients in whom cyto-
logic results were reported as Bethesda III–VI. In the patients 
with Bethesda I–II categories, either intermittent follow-up 
with US or repeat FNAB or surgery was performed accord-
ing to the clinical and radiological findings at follow-up. The 
patients who did not undergo surgery or FNAB, based on clini-
cal and radiological findings suggestive of benign nodules, 
were evaluated closely every 6-12 months with clinical and US 
examinations.

Statistical Analysis
The Statistical Package for Social Sciences for Windows ver-
sion 22.0 (IBM Inc., Armonk, NY, USA) was used for statistical 
analysis. The data for quantitative variables were reported 
as mean ± standard deviation or median (ranges), while the 
data for qualitative variables were reported as absolute and 
relative (%) frequencies. The normality of the distribution of 
continuous parameters was evaluated by Shapiro–Wilk test. 
Mann–Whitney U-test was used to test for significant differ-
ences between quantitative data. Chi-square test or Fisher 
exact test was used for comparing qualitative data accord-
ing to minimum expected value. Variables as sex, nodule size, 
nodule echogenicity, nodule component, abnormal cervical 
lymph node, microcalcification, irregular nodule borders, and 
AT were analyzed with logistic regression analysis to determine 
the predictive factors of thyroid cancer. The variables with a 
P value of <.25 in univariate logistic regression analysis were 
analyzed with a multivariate logistic regression analysis. A 
2-tailed P-value of <.05 was defined as significant. 

Ethics Statement
The study was conducted according to the principles of 
Declaration of Helsinki and approved by the ethic committee 
of Cerrahpaşa Faculty of Medicine (Approval Number: 218613).

RESULTS

Participant Demographics
We evaluated 132 patients followed up in our clinic with the 
diagnosis of thyroid nodule. The mean age of the patients 
was 12.07 ± 4.08 years (2.5-17.6 years) and 67.4% (n = 89) of 
them were female. The flowchart of the study population is 
shown in Figure 1. Swelling in the neck was the most common 
symptom at presentation and was present in 53.7% (n = 71) of 
the patients. Thyroid nodule was detected during the etio-
logical evaluation of hypot​hyroi​dism/​subcl​inic hypothyroidism 
and hyperthyroidism in 19.6% (n = 26) and 5.3% (n = 7) of the 
patients, respectively. Thyroid nodule was detected inciden-
tally in 21.9% (n = 29) of the patients. Nodule was palpable in 
14.3% (n = 19) of the patients. The clinical characteristics of the 
patients are shown in Table 1. The mean size of the nodules 
was 15.5 ± 12.6 mm (median; 10.2 mm, range; 3-60 mm) and 
the nodules were greater than 10 mm in 55.3% (n = 73) of the 
patients. A single nodule was observed in 72.7% (n  =  96) of 
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the patients. Thyroid nodule was detected during the follow-
up of AT in 39.3% (n = 52) and during the follow-up of con-
genital hypothyroidism due to dyshormonogenesis in 5.3% 
(n = 7). In 2 patients, who were referred with a diagnosis of 
thyroid nodule, the nodular structure was found to be ecto-
pic thymus. These 2 patients were not included in the further 
evaluations. In 4 patients with thyroid nodule, the diagnosis 
was toxic adenoma. Since these nodules were going to be sur-
gically removed, FNAB was not performed in these patients. 
Operation was curative in all 4 patients and none of them had 
malignancy.

Fine Needle Aspiration Biopsy Results
Fine needle aspiration biopsy was performed in 65% (n = 86) 
of the patients. Initial FNAB results of the patients were as 
follows: inadequate or hemorrhagic in 8% (n  =  7), benign in 
53.4% (n = 46), AUS/FLUS in 3.5% (n = 3), SFN in 2.3% (n = 2), 
and malignant in 32% (n = 28). Lobectomy was performed in 3 
patients whose FNAB results were reported as AUS/FLUS. The 
final diagnosis was papillary thyroid cancer (PTC) in 2 patients 
and diffuse thyroid hyperplasia in 1 patient. Complementary 
thyroidectomy was performed in these 2 patients who were 
diagnosed with PTC. Lobectomy was also performed in 2 
patients whose FNAB results suggested SFN, and the final diag-
nosis was follicular adenoma in 1 patient and diffuse adenoma-
tosis hyperplasia in the other one. Additionally, we wanted to 
present the follow-up data of 7 patients who had inadequate 
or hemorrhagic FNAB results. One patient was lost during the 
follow-up. Lobectomy was performed in 2 patients because the 
nodule size was larger than 3 cm, and the definitive diagno-
sis was follicular adenoma in both. The nodules disappeared 
in 2 patients after FNAB. A second FNAB was performed in 2 
patients and both had benign results (Figure 1).

Patients with Thyroid Cancer
In total, malignancy was diagnosed in 22.7% (n  =  30) of the 
patients with thyroid nodules. The definitive diagnosis after 
thyroidectomy was PTC in 60% (n = 18), follicular variant PTC in 
33.3% (n = 10), and follicular thyroid cancer in 6.6% (n = 2). The 
median size of the malignant nodules was 22 (10-60) mm. Most 
of the patients with malignancy had a single nodule (n = 22; 
73.3%). The frequencies of lymph node metastasis and distal 
metastasis were 53.3% (n =  16) and 20% (n = 6), respectively. 

134 Patients with Tyroid 
Nodule 

Patients who underwent 
FNAB (n=86)

Inadequate 
material (n=7)

Benign (n=46)

AUS/FLUS (n=3)

SFN (n=2)

Malignancy (n=28)

Patients with 
hyperfunctioning 

nodule (n=4)

Patients with benign nodules 
based on clinical and 

ultrasonografic characteristics 
(n=32)  

2 Patients with Ectopic 
Thymus excluded

Malignancy detected 
after surgery  (n=2)

Total Malignant Nodule
(n=30)

Figure 1.  Flowchart of the study population.

Table 1.  Clinical Characteristics of the Patients with Thyroid 
Nodule
Age, years 12 ± 4.2
Sex, female, n (%) 89 (67.4)
Pubertal status, pubertal, n (%) 89 (67.4)
Nodule diameter, mm 10.2 (6.7-19.5)
Largest nodule diameter, n (%)
≥10 mm 73 (55.3)
Risk factors, n (%)
Autoimmune thyroiditis 52 (39.3)
Dyshormonogenesis and hypothyroidism 7 (5.3)
Thyroid functions, n (%)
Euthyroidism 71 (53.8)
Hypot​hyroi​dism/​subcl​inic hypothyroidism 54 (41)
Hyperthyroidism 7 (5.3)
Data presented as number (%), mean ± standard deviation or median 
(interquantile range).
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All patients with PTC underwent total thyroidectomy, except 
for 2 patients whose initial FNAB results were AUS/FLUS. These 
2 patients primarily underwent lobectomy and later comple-
mentary thyroidectomy was performed. According to the ATA 
guideline, 13 patients were in the low risk category, 6 patients 
were in the intermediate risk category, and 11 patients were in 
the high risk category. According to the tumor node metastasis 
classification system, 80% (n = 24) of the patients were in stage 
1 and 20% (n = 6 ) were in stage 2. As postoperative compli-
cation, hypoparathyroidism developed in 16.6% (n = 5) of the 
patients, recurrent nerve paralysis developed in 6.6% (n = 2), 
and seroma developed in 1 patient. All patients but 4 received 
radioactive iodine (RAI). Three patients with PTC had a tumor 
of <10 mm limited to the thyroid gland and 1 had minimally 
invasive follicular cancer, so these patients were not given RAI.

Family history was unremarkable for syndromes related with 
thyroid cancer in all these patients. Also, none had a history 
of radiotherapy. One of the patients with PTC had congeni-
tal hypothyroidism due to thyroglobulin synthesis defect. She 
was a 12-year-old adolescent girl with grade 3 goiter due to 
noncompliance with treatment. The malignancy rate of thyroid 
nodules in the patients, who had congenital dyshormonogene-
sis, was 14.2% (n = 1/7). In 7 patients, PTC was diagnosed during 
the follow-up of AT. The malignancy rate of thyroid nodules in 
the patients who had AT was 13.4% (n = 7/52). Nodule size was 
larger than 10 mm in all of them, and all but one had abnormal 
cervical lymph nodes. Nodules were hypoechoic in 4 patients 
and mixed echogenic in 3 patients, and microcalcifications 
were present in 4 patients. Five of the patients with AT were 
euthyroid. The other 2 patients had either subclinic hypothy-
roidism or overt hypothyroidism at presentation.

Comparison of Clinical and Ultrasonographic Characteristics 
of the Patients with Benign and Malignant Thyroid Nodules
Clinical and US characteristics of the patients with benign and 
malignant thyroid nodules are compared in Table 2. The benign 
and malignant groups were comparable in terms of sex, age, 
and pubertal status. The sizes of the malignant nodules were 
significantly larger than the benign nodules. Microcalcifications, 
abnormal lymph nodes, and irregular nodule borders were 
significantly more common in the malignant nodules, and all 
malignant nodules were solid. The vascularization patterns 
of the nodules were not different between the benign and 
malignant groups. In our cohort, hypoechogenicity was more 
frequently seen in the benign nodules. However, hypoechoic 
thyroid nodules were present in 73% of the patients with AT and 
the prevalence of AT in the benign group was as high as 44.1%. 

After excluding the patients with AT, there was no difference in 
hypoechogenicity between the groups. The frequency of mixed 
echogenicity was higher in the malignant nodules (P < .001).

Risk Factors for Malignancy
In the univariate model, sex, nodule size, nodule echogenicity, 
abnormal cervical lymph nodes, microcalcifications, irregular 
nodule borders, and presence of AT were found to be significant 
in the differentiation of malignant and benign nodules. However, 
multivariate analysis revealed that nodule size, presence of 
abnormal cervical lymph nodes, and irregular nodule borders 
were variables that differed between the 2 groups (Table 3).

Table 2.  Comparison of Clinical and Ultrasonographic 
Characteristics of the Patients with Benign and Malignant 
Thyroid Nodules

Benign 
(n = 102)

Malignant 
(n = 30) P

Age, years 12.1 ± 4.3 11.4 ± 3.7 .25a

Sex, female, n (%) 63 (61.7) 26 (86.6) .01b

Pubertal status, pubertal, 
n (%)

69 (67.6) 20 (66.7) .92b

Nodule diameter* 8.7 (5.9-16) 22.0 (16.3-35.0) <.001a

Diameter, n (%)
≥10 mm 43 (42.1) 30 (100) <.001b

Uninodularity, n (%) 74 (72.5) 22 (73.3) .932b

Nodule component, n (%)
  Cystic 14 (13.7) 0 (0) .004b

  Solid 63 (61.7) 28 (93.3)
  Mixed 25 (24.5) 2 (6.7)
Echogenicity, n (%)
  Hypo 63 (61.7) 11 (36.7) .002b

  Iso 19 (18.6) 3 (10)
  Hyper  6 (5.8) 3 (10)
  Mixed  7 (6.8) 13 (43.3)
Anechoic  7 (6.8) 0 (0)
Irregular nodule border, 
n (%)

2 (1.9) 17 (56.7) <.001b

Increased intranodular 
blood flow, n (%)

10 (9.8) 7 (23.3) .052b

Microcalcification, n (%) 10 (9.8) 15 (50) <.001b

Abnormal cervical lymph 
nodes, n (%)

2 (1.9) 17 (56.7) <.001b

Data presented as number (%), mean ± standard deviation or median 
(interquartile range).
aMann–Whitney U-test.
bChi-square test/Fisher’s exact test.

Table 3.  Logistic Regression Analysis of the Factors Associated with Malignancy
Univariate Model Multivariate Model

OR 95% CI P OR 95% CI P
Sex 0.25 0.08-0.77 .015
Nodule size 1.1 1.06-1.14 <.001 1.1 1.05-1.16 <.001
Nodule echogenicity 1.67 1.16-2.39 .005
Nodule component 0.87 0.41-1.83 .718
Abnormal cervical lymph node 65.3 13.54-315.85 <.001 54.2 8.98-327.55 <.001
Microcalcification 9.2 3.49-24.23 <.001
Irregular nodule border 2.66 1.55-4.55 <.001 3.01 1.39-6.53 .005
Autoimmune thyroiditis 0.39 0.15-0.98 .045
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DISCUSSION

In this study, we reported our clinical experience in the man-
agement of pediatric thyroid nodules by presenting the clinical 
and US features of our patients with thyroid nodules. The rate 
of malignancy was 22.7% and consistent with the literature.4 
Also, 86.6% of the patients with malignancy were female and 
this was compatible with previous studies reporting that thy-
roid cancer is more common in females.2,8,11 Papillary thyroid 
cancer was the most common malignancy in our series, consis-
tent with the published literature.4

One of the remarkable findings of our study was the high fre-
quency (13.4%) of malignancy in the thyroid nodules of the 
patients who had AT. This is noteworthy in terms of showing the 
necessity of close US follow-up in patients with AT. In another 
study from our country, the rates of thyroid nodule and thy-
roid cancer in children with AT were found to be 13% and 0.67%, 
respectively.12 The high rate of thyroid cancer in our study may 
be due to the fact that our institution is a reference center for 
thyroid cancer. Chronic inflammation in AT could play a role in 
the development of malignancy. The association between AT 
and malignancy has been observed in other studies, but further 
investigations are needed to demonstrate a causal relationship 
between AT and malignancy.13,14 Corrias et al15 reported that the 
rate of malignancy was 9.6% in children with AT who had thy-
roid nodules. In another study, the malignancy rate in children 
with AT was reported to be 7.9%.16

It is a known fact that children with congenital dyshormonogen-
esis are at risk of developing thyroid nodules and thyroid cancer, 
and periodic US follow-up is recommended every 2 to 3 years 
in children with congenital dyshormonogenesis.17 In our cohort, 
5% of the patients with thyroid nodules had congenital hypo-
thyroidism due to dyshormonogenesis and the malignancy rate 
was 14.2% (n = 1/7) in this group. Our patient who developed thy-
roid cancer had congenital hypothyroidism due to thyroglobulin 
synthesis defect. Long-standing goiter and high TSH have been 
reported in all patients with dyshormonogenesis who developed 
thyroid cancer.18-20 The pathophysiological changes underlying 
the development of thyroid cancer in the dyshormonogenetic 
thyroid gland are unknown. It has been proposed that pro-
longed stimulation by TSH may cause malignant transformation 
of thyroid follicular cells.21 Poor compliance to treatment causing 
TSH elevation and goiter was also present in our patient.

Thyroid US, which is widely used to evaluate thyroid nod-
ules, should be performed by experienced radiologists. 
Intrathyroidal ectopic thymus may be misdiagnosed as thyroid 
nodule. In our series, ectopic thymus was found in 2 patients 
who were referred with a diagnosis of thyroid nodule.

The main aim of evaluation of thyroid nodules is to determine 
the malignancy risk of the nodules based on clinical and US 
findings. Although there is ongoing debate about the specific 
US findings of nodules that indicate malignancy, the find-
ings such as hypoechogenicity, presence of abnormal cervi-
cal lymph nodes, increased central vascularization of nodule, 
irregular nodule borders, and microcalcifications are more 
frequent in malignant thyroid nodules.4,6,22 The nodule size, 
the presence abnormal lymph nodes, and irregular nodule 
borders emerged as significant risk factors for malignancy in 
our study. The malignant nodules were more likely to be solid 

and larger in size in our series. Conversely, all cystic nodules 
were benign. However, in our series, hypoechogenicity was 
not found as a risk factor for malignancy. Hypoechoic thyroid 
nodules were also common in the patients with AT. After exclu-
sion of the patients with AT, the frequency of hypoechoic thy-
roid nodules was comparable in both benign and malignant 
groups. Consistent with our results, many histologically benign 
nodules were also reported to be hypoechoic.23 In our series, 
mixed echogenicity rather than hypoechogenicity was signifi-
cantly more common in malignant nodules. Microcalcifications 
were more common in malignant nodules, but some benign 
nodules also had microcalcifications. It is recommended to use 
US and clinical features rather than nodule size in the deter-
mination of nodules for FNAB in children. Nodule size alone 
should not be considered as a determining factor for malig-
nancy.18 Nevertheless, all malignant nodules in our series were 
larger than 10 mm. Although large nodule size was reported 
as a predictive factor for malignancy in some studies, others 
did not support this.23 As a result, no single feature is enough to 
distinguish malignant nodules.24

Hyperfunctioning thyroid nodules are rarely considered as 
malignant. However, recent studies argue against the assumed 
low-risk of malignancy in these nodules, suggesting that the 
rate of malignancy is underestimated.25-27 In our series, the 
diagnosis was toxic adenoma in 3% of the patients and all of 
these adenomas were surgically removed as recommended in 
the ATA guideline. Malignancy was not detected in any of these. 
In the recent ATA guideline, preoperative FNAB is not recom-
mended in children, since all hyperfunctioning nodules will be 
surgically removed.4

The results of FNAB are categorized into 6 groups according to 
the Bethesda system.7 The AUS/FLUS, SFN, and SM categories 
are classified in the indeterminate spectrum in the Bethesda 
system and they have a variable risk of malignancy. The lim-
ited data available suggest that 28% of AUS/FLUS lesions and 
58% of SFN lesions in children are malignant.28,29 The recent 
ATA guideline recommends surgery (lobectomy) in cases of 
indeterminate or suspicious FNAB results.4 In the present study, 
66.6% of AUS/FLUS lesions were proven to be malignant as a 
result of histopathologic examination, which supports the ATA 
guideline in this regard. Conversely, none of the SFN nodules 
were malignant. However, the number of the patients is insuf-
ficient to draw definite conclusions. In the present study, 100% 
of cytologically “malignant” cases were confirmed as malig-
nant after histological examination of surgical specimens. The 
diagnostic accuracy of FNAB in this category was 100%.

Study Limitations
The first limitation of the present study was its retrospective 
design. Moreover, referral and selection bias was unavoidable 
since the study population consisted of patients followed up in 
a single tertiary hospital. Finally, there was a risk of inter-rater 
variability, as the data of the study were collected from the 
medical records of the patients followed up for the last 13 years.

CONCLUSION

In conclusion, the malignancy rate is high in children with thy-
roid nodules. Comprehensive evaluation of clinical and US 
features of thyroid nodules is necessary. Our study revealed 
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that the risk of malignancy increased as the size of the nodule 
increased. Abnormal cervical lymph nodes and irregular nod-
ule borders emerged as significant risk factors for malignancy. 
Patients with AT and patients with congenital hypothyroidism 
due to dyshormonogenesis should be followed up closely for 
the development of nodule.

Ethics Committee Approval: This study was approved by Ethics Com-
mittee of İstanbul University-Cerrahpaşa, Cerrahpaşa Faculty of Medi-
cine, (Approval No: 218613, Date: 09.07.2015).

Informed Consent: Written informed consent was obtained from the 
patients who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - A.D.C., O.E.; Design - A.D.C., O.E.; 
Supervision - O.E., O.E.; Resurces - A.D.Ç., H.T.; Materials - A.D.Ç., H.T.; 
Data Colection and/or Processing - A.D.Ç., H.T.; Analysis and/or Inter-
pretation - A.D.Ç., O.E.; Literature Search - A.D.C., H.T.; Writing - A.D.Ç., 
O.E.; Critical Review - O.E., O.E. 

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: This study received no funding.

REFERENCES

1.	 Bauer AJ, Francis GL. Evaluation and management of thyroid nod-
ules in children. Curr Opin Pediatr. 2016;28(4):536-544. [CrossRef]

2.	 Hogan AR, Zhuge Y, Perez EA, Koniaris LG, Lew JI, Sola JE. Pediatric 
thyroid carcinoma: incidence and outcomes in 1753 patients. J Surg 
Res. 2009;156(1):167-172. [CrossRef]

3.	 Vergamini  LB, Frazier  AL, Abrantes  FL, Ribeiro  KB, Rodriguez-
Galindo  C. Increase in the incidence of differentiated thyroid 
carcinoma in children, adolescents, and young adults: a popula-
tion-based study. J Pediatr. 2014;164(6):1481-1485. [CrossRef]

4.	 Francis GL, Waguespack SG, Bauer AJ, et al. Management guide-
lines for children with thyroid nodules and differentiated thyroid 
cancer. Thyroid. 2015;25(7):716-759. [CrossRef]

5.	 Gupta A, Ly S, Castroneves LA, et al. A standardized assessment 
of thyroid nodules in children confirms higher cancer prevalence 
than in adults. J Clin Endocrinol Metab. 2013;98(8):3238-3245. 
[CrossRef]

6.	 Jatana  KR, Zimmerman  D. Pediatric thyroid nodules and malig-
nancy. Otolaryngol Clin North Am. 2015;48(1):47-58. [CrossRef]

7.	 Cibas ES, Ali SZ. The 2017 Bethesda system for reporting thyroid 
cytopathology. Thyroid. 2017;27(11):1341-1346. [CrossRef]

8.	 Trahan  J, Reddy  A, Chang  E, Gomez  R, Prasad  P, Jeyakumar  A. 
Pediatric thyroid nodules: a single center experience. Int J Pediatr 
Otorhinolaryngol. 2016;87:94-97. [CrossRef]

9.	 Divarcı E, Çeltik Ü, Dökümcü Z, et al. Management of childhood 
thyroid nodules: surgical and endocrinological findings in a large 
group of cases. J Clin Res Pediatr Endocrinol. 2017;9(3):222-228. 
[CrossRef]

10.	 Kardelen Al AD, Yılmaz C, Poyrazoglu S, et al. The role of thyroid 
fine-needle aspiration cytology in the treatment and follow-up of 
thyroid nodules in the pediatric population. Acta Endocrinol 
(Buchar). 2019;15(3):333-341. [CrossRef]

11.	 Wu XC, Chen VW, Steele B, et al. Cancer incidence in adolescents 
and young adults in the United States, 1992-1997. J Adolesc Health. 
2003;32(6):405-415. [CrossRef]

12.	 Keskin M, Savas-Erdeve S, Aycan Z. Co-existence of thyroid nodule 
and thyroid cancer in children and adolescents with Hashimoto 

thyroiditis: a single-center study. Horm Res Paediatr. 2016;85(3):181-
187. [CrossRef]

13.	 Lai X, Xia Y, Zhang B, Li J, Jiang Y. A meta-analysis of Hashimoto’s 
thyroiditis and papillary thyroid carcinoma risk. Oncotarget. 
2017;8(37):62414-62424. [CrossRef]

14.	 Graceffa G, Patrone R, Vieni S, et al. Association between Hashi-
moto’s thyroiditis and papillary thyroid carcinoma: a retrospective 
analysis of 305 patients. BMC Endocr Disord. 2019;19(suppl 1):26. 
[CrossRef]

15.	 Corrias A, Cassio A, Weber G, et al. Thyroid nodules and cancer in 
children and adolescents affected by autoimmune thyroiditis. Arch 
Pediatr Adolesc Med. 2008;162(6):526-531. [CrossRef]

16.	 Won JH, Lee JY, Hong HS, Jeong SH. Thyroid nodules and cancer in 
children and adolescents affected by Hashimoto’s thyroiditis. Br J 
Radiol. 2018;91(1087):20180014. [CrossRef]

17.	 Van Trotsenburg P, Stoupa A, Léger  J, et al. Congenital hypothy-
roidism: A 2020-2021 consensus guidelines update-an endo-Euro-
pean reference network initiative endorsed by the European 
society for pediatric endocrinology and the European Society for 
Endocrinology. Thyroid. 2021;31(3):387-419. [CrossRef]

18.	 Alzahrani  AS, Baitei  EY, Zou  M, Shi  Y. Clinical case seminar: 
metastatic follicular thyroid carcinoma arising from congenital 
goiter as a result of a novel splice donor site mutation in the 
thyroglobulin gene. J Clin Endocrinol Metab. 2006;91(3):740-746. 
[CrossRef]

19.	 Cooper DS, Axelrod L, Degroot LJ, Vickery AL, Maloof F. Congenital 
goiter and the development of metastatic follicular carcinoma with 
evidence for a leak of nonhormonal iodide: clinical, pathological, 
kinetic, and biochemical studies and a review of the literature. J 
Clin Endocrinol Metab. 1981;52(2):294-306. [CrossRef]

20.	 Camargo R, Limbert E, Gillam M, et al. Aggressive metastatic fol-
licular thyroid carcinoma with anaplastic transformation arising 
from a long-standing goiter in a patient with Pendred’s syndrome. 
Thyroid. 2001;11(10):981-988. [CrossRef]

21.	 Boelaert K. The association between serum TSH concentration and 
thyroid cancer. Endocr Relat Cancer. 2009;16(4):1065-1072. 
[CrossRef]

22.	 Papendieck P, Gruñeiro-Papendieck L, Venara M, et al. Differenti-
ated thyroid cancer in children: prevalence and predictors in a 
large cohort with thyroid nodules followed prospectively. J Pediatr. 
2015;167(1):199-201. [CrossRef]

23.	 Essenmacher AC, Joyce PH, Kao SC, et al. Sonographic evaluation 
of pediatric thyroid nodules. RadioGraphics. 2017;37(6):1731-1752. 
[CrossRef]

24.	 Clement SC, Kremer LCM, Verburg FA, et al. Balancing the benefits 
and harms of thyroid cancer surveillance in survivors of Childhood, 
adolescent and young adult cancer: recommendations from the 
international Late Effects of Childhood Cancer Guideline Harmo-
nization Group in collaboration with the PanCareSurFup Consor-
tium. Cancer Treat Rev. 2018;63:28-39. [CrossRef]

25.	 Pazaitou-Panayiotou K, Michalakis K, Paschke R. Thyroid cancer 
in patients with hyperthyroidism. Horm Metab Res. 2012;44(4):255-
262. [CrossRef]

26.	 Mirfakhraee  S, Mathews  D, Peng  L, Woodruff  S, Zigman  JM. A 
solitary hyperfunctioning thyroid nodule harboring thyroid car-
cinoma: review of the literature. Thyroid Res. 2013;6(1):7. 
[CrossRef]

27.	 Mon  SY, Riedlinger  G, Abbott  CE, et  al. Cancer risk and clinico-
pathological characteristics of thyroid nodules harboring thyroid-
stimulating hormone receptor gene mutations. Diagn Cytopathol. 
2018;46(5):369-377. [CrossRef]

28.	 Monaco SE, Pantanowitz L, Khalbuss WE, et al. Cytomorphological 
and molecular genetic findings in pediatric thyroid fine-needle 
aspiration. Cancer Cytopathol. 2012;120(5):342-350. [CrossRef]

29.	 Smith M, Pantanowitz L, Khalbuss WE, Benkovich VA, Monaco SE. 
Indeterminate pediatric thyroid fine needle aspirations: a study of 
68 cases. Acta Cytol. 2013;57(4):341-348. [CrossRef]

406

https://doi.org/10.1097/MOP.0000000000000364
https://doi.org/10.1016/j.jss.2009.03.098
https://doi.org/10.1016/j.jpeds.2014.01.059
https://doi.org/10.1089/thy.2014.0460
https://doi.org/10.1210/jc.2013-1796
https://doi.org/10.1016/j.otc.2014.09.005
https://doi.org/10.1089/thy.2017.0500
https://doi.org/10.1016/j.ijporl.2016.06.011
https://doi.org/10.4274/jcrpe.4272
https://doi.org/10.4183/aeb.2019.333
https://doi.org/10.1016/s1054-139x(03)00057-0
https://doi.org/10.1159/000443143
https://doi.org/10.18632/oncotarget.18620
https://doi.org/10.1186/s12902-019-0351-x
https://doi.org/10.1001/archpedi.162.6.526
https://doi.org/10.1259/bjr.20180014
https://doi.org/10.1089/thy.2020.0333
https://doi.org/10.1210/jc.2005-2302
https://doi.org/10.1210/jcem-52-2-294
https://doi.org/10.1089/105072501753211073
https://doi.org/10.1677/ERC-09-0150
https://doi.org/10.1016/j.jpeds.2015.04.041
https://doi.org/10.1148/rg.2017170059
https://doi.org/10.1016/j.ctrv.2017.11.005
https://doi.org/10.1055/s-0031-1299741
https://doi.org/10.1186/1756-6614-6-7
https://doi.org/10.1002/dc.23915
https://doi.org/10.1002/cncy.21199
https://doi.org/10.1159/000351029

