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ABSTRACT
Imaging methods used in nuclear medicine are non-invasive and can be applied to all pediatric age groups, including the 
neonatal period. F-18 FDG-PET/CT is used for staging, evaluation of treatment response, detection of metastases, and follow-
up of various pediatric malignancies. In addition, the incidence of thyroid cancer in childhood has recently increased. In this 
review, we examined the F-18 FDG PET/CT imaging method that guide the management of the most common malignancies in 
children. We also discuss in detail the risk factors used in the diagnosis of thyroid cancer frequently encountered by pediatric 
surgeons.
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USE OF F-18 FDG PET/CT IN CHILDHOOD 
MALIGNANCIES
As the incidence of cancer in the childhood age group is lower 
than that in the adult age group, the incidence of childhood 
cancers is defined as per million. According to European data, 
it was reported to be 140 per million in the 0-15 age group and 
157 per million in the 0-19 age group.1 According to between 
2014-2018 data from the Department of Cancer of the Public 
Health Institution of Turkey, the incidence of cancer in boys 
and girls aged 0-14 years is 10-50 per million, although it varies 
according to the type of cancer.2  

Although the incidence of childhood cancers is low, it has 
serious clinical importance since it is the 2nd most common 
cause of death in this age group. The most common childhood 
malignancies are leukemias (30%), central nervous system and 
brain tumors (20%), lymphomas (14%), neuroblastoma (7%), 
soft tissue sarcomas (7%), Wilms’ tumors (6%), bone tumors 
(5%), germ cell tumors (3%), retinoblastoma (3%), melanoma 
(3%), and hepatic tumors (1%).3

Fluorine-18 fluorodeoxyglucose positron emission 
tomography/computed tomography (F-18 FDG PET/CT) plays 
an important role in the diagnosis, staging, restaging, response 
to treatment, and evaluation of prognosis of childhood 
malignancies.4 F-18 FDG PET/CT is a noninvasive molecular 
imaging method that reflects the metabolic properties of the 

tumor along with its structural status. F-18 FDG PET/CT is 
being used with increasing frequency in the diagnosis and 
follow-up of childhood tumors, but the imaging procedure, 
patient preparation, and calculation of radiation doses require 
greater care than in the adult age group. It is important to 
ensure sedation during imaging in pediatric patients. The 
practice guidelines of the American Academy of Pediatrics can 
be considered as a guiding example in this regard. In addition, 
to prevent harmful effects due to radiation, it is necessary to 
be more careful when calculating radiation doses compared 
to the adult group. In 2010, the North American Consensus 
Guideline was published, and the radiopharmaceutical doses 
to be applied were determined.5

CHILDHOOD LYMPHOMAS AND F-18 FDG 
PET/CT
F-18 FDG PET/CT is a functional and metabolic imaging 
method that plays a major role in the staging, treatment 
response evaluation, and residual/recurrence detection of HL 
and NHL.6 The sensitivity, specificity, and accuracy (95.9%, 
99.7%, and 99.6%, respectively) of 18F-FDG PET/CT were 
found to be higher (Figure 1) than those of other conventional 
imaging methods (70.1%, 99.0%, and 98.3%, respectively) for 
initial staging of lymphoma in children.7
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SYMPATHETIC NERVOUS SYSTEM 
TUMOURS AND F-18 FDG PET/CT
Neuroblastoma (NB) is the most common tumor in this 
group, with 90% of cases diagnosed by the age of 5 years. 
The use of F-18 FDG PET/CT in the diagnosis, staging, and 
evaluation of response to treatment is limited. In a study, it 
was reported that F-18 FDG showed moderate uptake in the 
metaiodobenzylguanidine (MIBG) (-) and (+) groups and was 
not as successful as MIBG in showing bone and bone marrow 
metastases.8

Treatment modalities for NB usually include 4-6 cycles 
of induction therapy followed by surgical resection and 
radiotherapy to the primary site and other active residual 
disease sites. A recent study evaluated the benefit of surgical 
resection in a subgroup of patients with poor response to 
induction therapy (tumor volume >50% of the initial volume 
after six cycles of induction therapy). The results showed a 
statistically significant improvement in the 3-year overall 
survival of patients who responded poorly to induction 
therapy and underwent tumor resection compared with 
those who did not undergo surgery.9 The promising MIBG-
labelled PET radiopharmaceuticals, F-18 DOPA (18-F-L 
3,4-dihydroxyphenylalanine), Ga-68 DOTA peptids in NB are 
important for guiding high-dose therapy with I-131 MIBG and 
Lu-177 DOTA peptids.10

WILMS’ TUMOR AND F-18 FDG PET/CT
Wilms’ tumor (nephroblastoma) is the 4th most common 
tumor in childhood. Although its etiology is unknown, genetic 
diseases are associated with 5% of the cases. The overall 
5-year survival rate exceeds 90%.11 Tumor staging, such as 
tumor location, size, local extension, vascular compression or 
invasion, and local lymph node metastases, are best assessed 
by CT, MR imaging, and ultrasonography.12 The most common 
site for metastases is the lungs, which are typically assessed by 
chest CT.12 

Therefore, the use of F-18 FDG PET/CT for diagnosis and 
staging has been limited. Wilms tumors show strong 18F-FDG 
uptake.13,14 The mean SUV has been reported to be 6.8.14 

Anaplastic Wilms tumors showed particularly high 18F-FDG 
uptake, and the SUVmax value greater than 5 was due to the 
highly expressed glucose transporter 1.13 Apart from this, no 
significant correlation was found between 18F-FDG uptake 
and tumour histopathology.12 F-18 FDG PET/CT appears 
useful for assessing the response to treatment.15

RHABDOMYOSARCOMA AND F-18 FDG 
PET/CT
Rhabdomyosarcoma (RMS), arising from embryonic 
mesenchymal cells differentiating into skeletal muscle, 
accounts for 20% of all solid tumors in children.16 Although 
the cases are sporadic, some congenital and genetic diseases 
increase the risk of RMS (Li Fraumeni syndrome, Beckwith 
Wiedemann syndrome, Neurofibromatosis type 1, Costilla 
syndrome, Nooan syndrome). There are embryonal and 
alveolar histological types of RMS, and the incidence in boys is 
slightly higher than that in girls (male/female ratio of 1.51).17

In the past, aggressive surgical methods such as amputation 
and pelvic and orbital exenteration had an important role in the 
treatment of RMS, but in the current treatment of RMS, organ-
preserving surgery with chemotherapy and radiotherapy is at 
the forefront. The survival rate, which was 25% with radical 
surgical treatment, increased to 70% with the addition of 
radiotherapy and chemotherapy to the surgical treatment.

F-18 FDG PET/CT is used in RMS to determine the malignancy 
potential of the lesion, biopsy site selection, staging, and 
evaluation of response to treatment. This group of tumors 
showed high FDG accumulation, which increased as the tumor 
grade increased.

Although F-18 FDG PET/CT is not routinely used for initial 
staging in pediatric RMS, it is specifically used for the detection 
of nodal involvement and distant metastatic spread. For nodal 
involvement, F-18 FDG PET/CT showed a sensitivity of 80%18 
or 100%19-21 and specificity of 89-100%. F-18 FDG PET/CT 
has a higher chance of detecting lung metastases larger than 
1 cm (Figure 2) and bone, and bone marrow metastases than 
conventional methods. For the detection of distant metastatic 
sites, PET-CT has a sensitivity of 95%19 or 100%18-21 and 
specificity of 80-100%.

Figure 1. MIP (a), transaxial CT (b) and fusion (c) F-18 FDG PET/CT images 
of a 15 years-old male patient. Abdominal lymph node biopsy revealed high 
grade malign B cell lymphoma (Burkitt). On F-18 FDG PET/CT imaging, 
there were multipl hyper-metabolic mediastinal, abdominal, pelvic lymph 
nodes, massive abdominal fluid and bone marrow involvement
Figure 1 was obtained from Bıçakçı N, et al.4

Figure 2. MIP (a), transaxial CT (b) and fusion (c) F-18 FDG PET/CT 
images of a 16 years-old male patient. Histopathologically diagnosis was 
rhabdomyosarcoma. On F-18 FDG PET/CT imaging, there were hyper-
metabolic metastatic nodule in right lung posterobasal segment
Figure 2 was obtained from Bıçakçı N, et al.4
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REVIEW OF RISK FACTORS FOR AT THE 
MANAGEMENT OF PEDIATRIC THYROID 
NODULES

Clinical Risk Factors for Pediatric Thyroid Nodules
The incidence of childhood thyroid cancer is increasing 
recently.22 Despite the rapid increasing incidence, pediatric 
thyroid cancers constitute less than 2 % of all thyroid cancers.23 
Owing to the high prevalence of thyroid cancer in adults, the 
main diagnostic and prognostic criteria for thyroid cancer have 
been developed for adults and were adapted to secondarily 
applied to children. The American Thyroid Association 
(ATA) and American College of Radiology Thyroid Imaging 
Reporting and Data System (ACR TI-RADS) for reporting 
sonographic findings and The Bethesda System for Reporting 
Thyroid Cytopathology (TBSRTC) were both developed the 
management of adult thyroid nodules but are widely used the 
classification of thyroid nodules in children.24-26

Differences in the underlying biology of thyroid tumors 
between adults and children may affect the risk of malignancy 
(ROM) predicted by various sonographic and cytopathological 
findings.

Although thyroid nodules are detected at a much higher rate 
in adults than in children, they are five times more likely to be 
malignant in children (26.4%) than in adults (5%).27 Radiation 
exposure, autoimmune thyroid disease, and chronic iodine 
deficiency are well-established risk factors for the development 
of thyroid malignancies in both adults and children.28-30 

Childhood thyroid cancer is often diagnosed at a more advanced 
stage compared to adults, and is more likely to develop regional 
lymph node and lung involvement and higher recurrence rate. 
Distant metastases almost always occur in the lungs. These are 
diffuse and are usually identified by I-131 whole-body imaging  
(Figure 3).31

Despite more advanced disease at presentation, children with 
thyroid cancer have a much lower death rate, with overall 
cumulative survival rates as high as 97-99%.32 

The majority of thyroid cancers in children are papillary 
thyroid carcinoma (PTC) (80-90%), followed by follicular 
thyroid carcinoma (FTC) (10%), medullary thyroid carcinoma 

(MTC) (3-5%). Anaplastic thyroid carcinoma (ATC), and 
poorly differentiated thyroid carcinoma (PDTC) are rarely 
encountered.33,34

ATC is a dedifferentiated thyroid cancer via transformation of 
differentiated thyroid cancer.35 It is extremely rare in children. 
Poor outcomes in children are largely due to regional and distant 
metastases, rather than the local spread of dedifferentiated 
tumors as seen in adults.33

Genetic Risk Factors for Pediatric Thyroid Cancer
Recent molecular profiling studies have suggested that thyroid 
cancer in adults and children has different developmental 
origins, which may explain their different clinical 
characteristics. PTC is the most common histological type 
of thyroid cancer in both adult and pediatric populations, 
although the histological subtype frequencies are different 
between children and adults.34,36 

Notably, BRAF V600E, RAS (mostly HRAS and NRAS) point 
mutations, and gene fusions are mutually exclusive causes of 
DTC.37

Unlike the adult thyroid cancer profile, there is a high prevalence 
of gene fusion in pediatric PTC.  RET, NTRK1, NTRK3, 
ALK, BRAF, AKAP9, and MET gene fusions are among the 
most common in pediatric PTC.38 However, there is a lower 
frequency of point mutations in the RAS, BRAF and, GNAS 
genes in children with PTC than in adults.39 Specific fusions 
tend to be associated with different histological subtypes of 
pediatric thyroid cancer. For example, AKAP9-BRAF is a less 
frequent  BRAF  alteration associated with classic papillary 
histology, whereas PAX8-PPARG has a follicular histology.33

Pediatric PTCs associated with fusion mutations have a higher 
frequency of aggressive subtypes, including diffuse sclerosing, 
tall cell, and solid variant.36 RET-PTC rearrangements are 
associated with solid PTC variants. Rearrangements are typical 
in pediatric patients with radiation-induced PTC.40 

Between 15-19 years of age, fusion mutations decrease and 
point mutations potentially lead to dedifferentiation, and 
radioactive iodine resistance begins to increase as in adults.41

Genetic syndromes are also known risk factors for pediatric 
thyroid cancer, accounting for approximately 5% of all pediatric 
DTC cases. Some of the more common syndromes affecting 
the thyroid include PTEN hamartoma tumor syndrome, 
APC-associated polyposis (e.g., familial adenomatous 
polyposis), Carney complex, DICER1 syndrome, and Werner 
syndrome.33 Medullary thyroid cancer (MTC) is frequently 
associated with mutations in the RET proto-oncogene and 
accounts for 5% of all pediatric thyroid cancer cases.37 Most 
MTC cases in the pediatric population are hereditary, with 
germline  RET  mutations resulting in multiple endocrine 
neoplasia (MEN) type 2A syndrome (90-95% of childhood 
MTC), MEN type 2B, or familial medullary thyroid carcinoma 
(FMTC).42  

Adult tumors caused by gene fusion do not usually progress 
to more aggressive diseases. Rather, progression of adult 
thyroid cancer involves the accumulation of additional point 
mutations associated with local disease spread, metastasis, and 
transformation to aggressive dedifferentiated anaplastic and 
poorly differentiated subtypes. PTC progression is associated 
with the inclusion of other secondary gene mutations such 

Figure 3. A 12-year-old girl who underwent total thyroidectomy for papillary 
thyroid cancer. Tg:22.62 µg/L, whole-body scan with 5 mCi I-131 shows 
diffuse metastatic foci in the lungs, left sacrum and heel of the left
Figure 3 was obtained from Aslı Ayan, MD.

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/hras
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as TP53, PIK3CA, and AKT1. These secondary mutations 
are extremely rare in children and have not been detected 
in several recent large-scale sequencing studies on pediatric 
thyroid cancer.42,43

Ultrasonographic Risk Classification 
Ultrasonography (US) is the most commonly used imaging 
modality for detecting thyroid nodules, measuring nodule size, 
and determining nodule shape, borders, location and number, 
echogenicity, content, and assessment of associated changes in 
the thyroid gland.44 

Multiple risk classification systems based on US features 
of thyroid nodules have been developed to provide general 
terminology for the identification and classification of nodules 
at the greatest risk of morbidity and avoiding biopsies of benign 
nodules.45 

The ability of the ACR TI-RADS46 to accurately predict the risk 
of malignancy in pediatric thyroid nodules is currently unclear, 
as it was predominantly validated using adult data. However, 
recommendations for the evaluation and management of 
pediatric thyroid nodules have historically been based on the 
adult guidelines.33

One of the two most widely used systems in clinical practice 
is the ACR TI-RADS, which is used by many radiologists, 
and the other is the ATA guidelines, which is used by many 
endocrinologists. ACR TI-RADS summarizes this by scoring 
each of the five ultrasound findings (composition, echogenicity, 
shape, border features, and echogenic foci of the nodule) and 
defines the risk levels from TR1 to TR5. Fine-needle aspiration 
biopsy (FNAB) is recommended for TR3 nodules ≥2.5 cm, 
TR4 nodules ≥1.5 cm and TR5 nodules ≥1 cm. The biopsy and 
follow-up criteria according to ACR TI-RADS are summarized 
in Table 1.45

The 2009 ATA adult guidelines indicate that the evaluation and 
treatment of thyroid nodules in children should be the same 

as those adults.47 The 2009 ATA adult guideline states that 
FNAB is not necessary for nodules smaller than 1 cm, unless 
they are high-risk, has a history of ionizing radiation, or have a 
pathological regional lymph node. However, the size criterion in 
children is more problematic because thyroid volume changes 
with age and nodule size alone does not predict malignant 
histology. Therefore, US features of malignant lesions, such 
as hypoechogenicity, irregular borders, microcalcifications, 
increased intranodular blood flow, and clinical signs, should be 
given more importance in defining nodules requiring FNAB. 
US evaluation of cervical lymph nodes should be performed in 
all children with suspicious nodules.48,49 

It should also be noted that in the, the diffuse sclerosing 
subtype which is invasive form of PTC, the tumor shows 
diffuse microcalcifications without nodules or macroscopic 
metastases in the cervical lymph nodes.

Evaluation of Pediatric Thyroid FNAB Cytopathology with 
the Bethesda Classification System
US is often the first step in imaging thyroid nodules. ACR 
TI-RADS is a well-established tool for evaluating the risk of 
malignancy in adult thyroid nodules, but its application to 
pediatric thyroid nodules is still in progress.50

Thyroid nodules that are suspicious on US underwent FNAB 
for differential diagnosis to guide further management 
decisions. As cytomorphology does not always provide a 
clear difference between benign and malignant lesions, it is 
important to have specific diagnostic criteria to stratify the 
ROM of thyroid nodules based on FNAB results. TBSRTC had 
been developed and published in 2010.26 Among the TBSRTC 
categories, atypia of undetermined significance (AUS), 
follicular neoplasm (FN), and suspected malignancy (SM) 
were considered indeterminate. TBSRTC was first updated in 
2017 to include non-invasive follicular thyroid neoplasm with 
papillary-like nuclear features (NIFTP) as a new histological 
entity, which may alter the ROM of adult thyroid nodules.51 

Table 1. ACR-TIRADS classifications and recommendations

Composition 
(choose one) 
Spongioform 0 point 
Cystic 0 point 
Mixed 1 point 
Solid 2 point 
Cannot be determined

Echogenity 
(choose one) 
Anechoic 0 point 
Iso/hyperechoic 1 point 
Hypoechoic 2 point 
Very hypoechoic 3 point

Shape diameter 
(choose one)

Wider than tall  0 point 
Taller than wide 3 point

Margin 
(choose one) 
Smooth 0 point 
Ill-defined 0 point 
Lobulated 2 point 
irregular 2 point 
ETE 3 point

Echogenic foci 
choose all that apply 
None 0 point 
Comet like artifact 0 point 
Macrocalcification 1 point  
Rim calcification 2 point 
Small echogenic foci 3 point 
(microcalcification)

Add points from all categories to determine TI-RADS level

0 points 1 points 2 points 4-6 points 7 points or more

TR1  
benign  
no FNAB

TR2 
 not suspicious  
no FNAB

 
TR3  
mildly suspicious  
FNAB if ≥2.5 cm
follow if ≥1.5cm

TR4  
Moderately suspicious 
FNAB if ≥1.5 cm follow 
if ≥1 cm

TR5  
Highly suspicious 
FNAB if ≥1 cm 
follow if ≥0.5 cm

Composition Echogenicity Shape Margin Echogenic foci

Spongiform: Composed 
predominantly (>50%) 
of small cystic spaces. Do 
not add further points for 
other categories.
Mixed cystic and solid: 
Assign points for 
predominant
Solid component. Assign 
2 points if composition 
cannot be determined 
because of calcification.

Anechoic: Applies to cystic 
or almost completely cystic 
nodules. Hyperechoic/isoechoic/
hypoechoic: Compared to 
adjacent parenchyma. Very 
hypoechoic: More hypoechoic 
than strap muscles. Assign 1 
point if echogenicity cannot be 
determined.

Taller-than-wide: Should 
be assessed on a transverse 
image with measurements 
parallel to sound beam for 
height and perpendicular to 
sound beam for width. This 
can usually be assessed by 
visual inspection.

Lobulated: Protrusions 
into adjacent tissue. 
Irregular: Jagged, 
spiculated, or sharp 
angles. Extrathyroidal 
extension: Obvious 
invasion=malignancy. 
Assign 0 points if 
margin cannot be 
determined.

Large comet-tail artifacts: 
V-shaped, >1 mm, in 
cystic components. 
Macrocalcifications: Cause 
acoustic shadowing.  
Peripheral: Complete or 
incomplete along margin. 
Punctate echogenic foci: May 
have small comet-tail artifacts.

ETE: Extra thyroidal extention, ACR TI-RADS: American College of radiology thyroid imaging reporting and data system, FNAB: Fine-needle aspiration biopsy
Table 1 was established using the ACR TI-RADS guidelines.24
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A pediatric cohort study reported that the performance of 
TBSRTC in pediatric populations is unlikely to be affected 
by the addition of NIFTP.52 The third edition of the TBSRTC 
was released in 2023 with updated ROMs (Table 2).53 The new 
TBSRTC includes two subclassifications of AUS: AUS nuclear 
atypia and AUS other. In addition, for the first time, the new 
TBSRTC includes information on its application to pediatric 
thyroid nodules.

Differences between guidelines have highlighted the need 
for new methodologies to classify the risk of indeterminate 
thyroid nodules in pediatric populations. In the third 
TBSRTC, AUS is divided into two main groups: AUS with 
nuclear atypia and AUS with any other form of atypia (AUS 
other).56 In a retrospective cohort study of 68 pediatric AUS 
thyroid nodules, there was an increased ROM when there was 
nuclear atypia (59% for nuclear atypia vs. 6.5% for architectural 
atypia). The highest ROM was observed in the nodules with 
both nuclear and architectural atypia (75%). The results of 
this study demonstrate that risk stratification of AUS pediatric 
thyroid nodules by atypia type may identify a subset of nodules 
that require surgical management and reduce overtreatment of 
nodules that do not have nuclear atypia.54

Molecular Techniques for Risk Stratification of 
Indeterminate Thyroid Nodules
Recently, there have been rapid developments in cytomolecular 
testing to reduce the need for Bethesda III and IV diagnostic 
surgery. The Afirma Genomic Sequencing Classifier (Afirma 
GSC) and Thyroseqv3 (TSv3) performed well, similar to 
undiagnosed FNAB results (Bethesda III and IV). TSv3 
was found to have a relatively high sensitivity and negative 
predictive value of 90% and 96%, respectively. However, 
their diagnostic confirmatory performance for malignancy 
remains limited.57 Although the use of molecular techniques 
is increasing, the cost of molecular testing remains the most 
important problem. 

The rate of structural malignancy in BRAFV600E positivity 
alone in intrathyroidal micropapillary cancer was approximately 
1-2%. Bilateral thyroidectomy, lymph node dissection, and RAI 
treatment are recommended for BRAF-positive intrathyroidal 
tumors. Active follow-up may be considered for BRAF-negative 
micropapillary cancers, and lobectomy may be considered for 

Table 2. The 2023 Bethesda system for reporting thyroid cytopathology. This table was established using the 2023 Bethesda system for reporting thyroid 
cytopathology guideline.32

Adult Pediatric

Diagnostic category ROM 
mean % (min-max) Usual management ROM 

mean % (min-max) Usual management

Nondiagnostic
(Bethesda I) 13% (5-20) Repeat FNAB with ultrasound 

guidance 14% (0-33) Repeat FNAB with 
ultrasound guidance

Benign
(Bethesda II) 4% (2-7) Clinical and ultrasound follow-up 6% (0-27) Clinical and ultrasound 

follow-up

Atypia of undetermined 
significance
Bethesda III

22% (13-30)
Repeat FNAB
Molecular testing
Lobectomy
Surveillance

28% (11-54) Repeat FNAB lobectomy

Follicular neoplasm
(Bethesda IV) 30% (23-34) Molecular testing

Diagnostic lobectomy 50% (58-100) Surgical resection

Suspicious for malignancy
(Bethesda V) 74% (67-83)

Molecular testing 
Lobectomy or near-total 
thyroidectomy

81% (40-100) Surgical resection

Malignant
(Bethesda VI) 97% (97-100) Lobectomy or near-total 

thyroidectomy 98% (86-100) Surgical resection

ROM: Risk of malignancy,  FNAB: Fine-needle aspiration biopsy, min-max: Minimum-maximum

BRAF-negative or BRAF-positive micropapillary cancers. In 
patients with BRAF V600E+TERT or RAS+TERT promoter 
mutations, aggressive treatment approaches are selected, even 
if micropapillary cancer is present.58

CONCLUSION
There are many risk stratification systems according to the 
US characteristics of thyroid nodules, and the most widely 
used in clinics are the ATA guidelines and ACR TI-RADS. 
FNAB is the gold standard for evaluating nodules according 
to US risk stratification. TBSRTC is the most widely used 
cytomorphological classification for FNAB. The last TBSRTC 
reporting system covering the adult and pediatric populations 
was updated in 2023. Recently, there has been a trend towards 
the use of molecular testing of FNAB specimens, especially 
those diagnosed as Bethesda III and IV, to reduce the need for 
diagnostic surgery and to guide treatment. 

In conclusion, an excellent prognosis for pediatric DTC may be 
possible with a review of diagnostic processes and management 
guidelines for pediatric thyroid cancer.

ETHICAL DECLARATIONS

Referee Evaluation Process
Externally peer-reviewed. 

Conflict of Interest Statement
The authors have no conflicts of interest to declare. 

Financial Disclosure
The authors declared that this study has received no financial 
support. 

Author Contributions
All of the authors declare that they have all participated in the 
design, execution, and analysis of the paper, and that they have 
approved the final version.

REFERENCES
1.	 Steliarova-Foucher E, Stiller C, Kaatsch P, et al. Geographical patterns 

and time trends of cancer incidence and survival among children 
and adolescents in Europe since the 1970s (the ACCISproject): an 
epidemiological study. Lancet. 2004;364(9451):2097-2105.



Surg Child. 2025;2(1):21-27 Oncologic pediatric surgery and the risk factors for 
pediatric thyroid nodules

Bıçakcı et al.

26

2.	 Türkiye Halk Sağlığı Kanser Daire Başkanlığı http://hsgm.saglik.gov.tr 
Avalible at. Accessed Ankara 2022.

3.	 Steliarova-Foucher E, Stiller C, Lacour B, Kaatsch P. International 
classification of childhood cancer, third edition. Cancer. 2005;103(7):1457-
1467. 

4.	 Bıçakçı N, Elli M.  18Fluorine-fluorodeoxyglucose PET/CT ımaging in 
childhood malignancies. Mol Imaging Radionucl Ther. 2021;30(1):18-27. 

5.	 Society of nuclear medicine guidelines. Avaliable at: http://snmmi.files.
cms-plus.com/docs/Pediatric_dose_guidelines_JNM_2011_52_318_1382
732155632_11.pdf. Accessed 23.03.2015

6.	 Jhanwar YS, Straus DJ. The role of PET in lymphoma. J Nucl Med. 2006; 
47(8):1326-1334.

7.	 Cheng G, Servaes S, Zhuang H. Value of (18)F-fluoro-2-deoxy-D-glucose 
positron emission tomography/computed tomography scan versus 
diagnostic contrast computed tomography in initial staging of pediatric 
patients with lymphoma. Leuk Lymphoma. 2013;54(4):737-742.

8.	 Chawla M, Kumar R, Agarwala S, Bakhshi S, Gupta DK, Malhotra A. Role 
of positron emission tomography in staging and early chemotheraphy in 
staging and early chemotheraphy responce evaluation in children with 
neuroblastoma. Indian J Nucl Med. 2010;25(4):147-155.

9.	 Du L, Liu L, Zhang C, et al. Role of surgery in the treatment of patients 
with high risk neuroblastoma who have poor response to induction 
chemotherapy. J Pediatr Surg. 2014;49(4):528-533.

10.	Alexander N, Vali R, Ahmadzadehfar H, Shammas A, Baruchel S. Review: 
the role of radiolabeled DOTA-conjugated peptides for ımaging and 
treatment of childhood neuroblastoma. Curr Radiopharm. 2018;11(1):14-
21.

11.	Smith MA, Seibel NL, Altekruse SF, et al. Outcomes for children and 
adoles- cents with cancer: challenges for the twenty-first century. J Clin 
Oncol. 2010;28(15):2625-2634.

12.	Moinul Hossain AK, Shulkin BL, Gelfand MJ, et al. FDG positron emission 
tomography/computed tomography studies of Wilms’ tumor. Eur J Nucl 
Med Mol Imaging. 2010;37(7):1300-1308.

13.	Begent J, Sebire NJ, Levitt G, et al. Pilot study of F (18)-fluorodeoxyglucose 
positron emission tomography/computerised tomography in Wilms’ 
tumour: correlation with conventional imaging, pathology and 
immunohistochemistry. Eur J Cancer. 2011;47(3):389-396.

14.	Misch D, Steffen IG, Schönberger S, et al. Use of positron emission 
tomography for staging, preoperative response assessment and 
posttherapeutic evaluation in children with Wilms tumour. Eur J Nucl Med 
Mol Imaging. 2008;35(9):1642-1650.

15.	Misch D, Steffen IG, Schönberger S, et al. Use of positron emission 
tomography for staging, preoperative response assessment and 
posttherapeutic evaluation in children with Wilms tumour. Eur J Nucl Med 
Mol Imaging. 2008;35(9):1642-1650. 

16.	Weiner E. Soft tissue sarcoma, in Carachi R, Azmy A, Grosfeld JL (eds): The 
Surgery of Childhood Tumors, Oxford University Press, 2009.

17.	Mollen KP, Rodeberg DA. Diagnosis and treatment of rhabdomyosarcoma. 
In Coran AG, Adzick NS, Krummel TM, et al. (eds): Pediatric Surgery, 
Philadelphia, Mosby, 2012.

18.	Federico SM, Spunt SL, Krasin MJ, et al. Comparison of PET-CT and 
conventional imaging in staging pediatric rhabdomyosarcoma. Pediatr 
Blood Cancer. 2013;60(7):1128-1134. doi:10.1002/pbc.24430 

19.	Tateishi U, Hosono A, Makimoto A, et al. Comparative study of FDG PET/
CT and conventional imaging in the staging of rhabdomyosarcoma. Ann 
Nucl Med. 2009;23(2):155-161. 

20.	Volker T, Denecke T, Steffen I, et al. Positron emission tomography for 
staging of pediatric sarcoma patients: results of a prospective multicenter 
trial. J Clin Oncol. 2007;25(34):5435-5441.

21.	Ricard F, Cimarelli S, Deshayes E, Mognetti T, Thiesse P, Giammarile F. 
Additional Benefit of F-18 FDG PET/CT in the staging and follow-up of 
pediatric rhabdomyosarcoma. Clin Nucl Med. 2011;36(8):672-677. 

22.	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 population based study.  J 
Pediatr. 2014;164(6):1481-1485.

23.	Guille JT,  Opoku-Boateng A,  Thibeault SL,  Chen H.  Evaluation and 
management of the pediatric thyroid nodule. Oncologist. 2015;20(1):19-27.

24.	Buryk MA, Simons JP, Picarsic J, et al. Can malignant thyroid 
nodules be distinguished from benign thyroid nodules by clinical 
characteristics? A review of 89 pediatric patients with thyroid 
nodules. Thyroid. 2015;25(4):392-400.

25.	Grant EG, Tessler FN, Hoang JK, et al. Thyroid ultrasound reporting 
lexicon: white paper of the ACR thyroid imaging, reporting and data 
system (TIRADS) committee. J Am Coll Radiol. 2015;12(12 Pt A):1272-
1279.

26.	Cibas ES, Ali SZ. The Bethesda system for reporting thyroid cytopathology. 
Am J Clin Pathol. 2009;132(5):658-665.

27.	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.

28.	Penta L, Cofini M, Lanciotti L, Leonardi A, Principi N, Esposito S. Hashimoto’s 
disease and thyroid cancer in children: are they associated?  Front.
Endocrinol. 2018;9:565.

29.	Zimmermann MB, Galetti V. Iodine intake as a risk factor for thyroid 
cancer: a comprehensive review of animal and human studies.  Thyroid 
Res. 2015;8(1):8.

30.	Bogović CT, Ilić TM, Girotto N, Grbac IS. Risk factors for thyroid cancer: 
what do we know so far? Acta Clin Croat. 2020;59(Suppl 1):66-72. 

31.	Karapanou O, Tzanela M, Vlassopoulou B, Kanaka GC. Differentiated 
thyroid cancer in childhood: a literature update. Hormones (Athens). 2017; 
16(4):381-387. 

32.	Zhang B, Wu W, Shang X, Huang D, Liu M, Zong L. Incidence and prognosis 
of thyroid cancer in children: based on the SEER database. Pediatr Surg Int. 
2022;38(3):445-456.

33.	Paulson VA, Rudzinski ER, Hawkins DS. Thyroid cancer in the pediatric 
population. Genes (Basel). 2019;10(9):723. 

34.	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.

35.	Jannin A, Escande A, Al Ghuzlan A, et al. Anaplastic thyroid carcinoma: an 
update. Cancers (Basel). 2022;14(4):1061. 

36.	Balachandar S, La Quaglia M, Tuttle RM, Heller G, Ghossein RA, Sklar 
CA. Pediatric differentiated thyroid carcinoma of follicular cell origin: 
prognostic significance of histologic subtypes. Thyroid. 2016;26(2):219-
226.

37.	Agrawal N, Akbani R, Aksoy BA, et al. Integrated genomic characterization 
of papillary thyroid carcinoma. Cell. 2014;159(3):676-690.

38.	Pekova B, Sykorova V, Dvorakova S, et al. RET, NTRK, ALK, BRAF, and 
MET fusions in a large cohort of pediatric papillary thyroid carcinomas. 
Thyroid. 2020;30(12):1771-1780.  

39.	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.

40.	Ricarte-Filho JC, Li S, Garcia-Rendueles MER, et al. Identification of 
kinase fusion oncogenes in post-Chernobyl radiation-induced thyroid 
cancers. J Clin Invest. 2013;123(11):4935-4944.

41.	Yamashita S, Saenko V. Mechanisms of disease: molecular genetics of 
childhood thyroid cancers. Nat Rev Endocrinol. 2007;3(5):422-429.

42.	Franco AT, Ricarte-Filho JC, Isaza A, et al. Fusion oncogenes are associated 
with increased metastatic capacity and persistent disease in pediatric 
thyroid cancers. J Clin Oncol. 2022;40(10):1081-1090.

43.	Landa I, Ibrahimpasic T, Boucai L, et al. Genomic and transcriptomic 
hallmarks of poorly differentiated and anaplastic thyroid cancers. J Clin 
Invest. 2016;126(3):1052-1066.

44.	Isgor A, Uludag M, Aygun N. Handbook of thyroid parathyroid adrenal. 1st 
ed. Istanbul: BAU Publications; 2023.

45.	Tessler FN, Middleton WD, Grant EG, et al. ACR thyroid ımaging, 
reporting and data system (TI-RADS): white paper of the ACR TI-RADS 
committee. J Am Coll Radiol. 2017;14(5):587-595. 

46.	Horvath E, Majlis S, Rossi R, et al. An ultrasonogram reporting system 
for thyroid nodules stratifying cancer risk for clinical management. J Clin 
Endocrinol Metab. 2009;94(5):1748-1751. 

47.	Francis GL, Waguespack SG, Bauer AJ, et al. American thyroid association 
guidelines task force. Management guidelines for children with thyroid 
nodules and differentiated thyroid cancer. Thyroid. 2015;25(7):716-759. 

48.	McHenry CR, Huh ES, Machekano RN.  Is nodule size an independent 
predictor of thyroid malignancy? Surgery. 2008;144(6):1062-1069. 

49.	Leboulleux S, Girard E, Rose M, et al. Ultrasound criteria of malignancy 
for cervical lymph nodes in patients followed up for differentiated thyroid 
cancer. J Clin Endocrinol Metab. 2007;92(9):3590-3594.

50.	Ahmad H, al-Hadidi A, Bobbey A, et al. Pediatric adaptions are needed to 
improve the diagnostic accuracy of thyroid ultrasound using TI-RADS. J 
Pediatr Surg. 2021;56(6):1120-1125.

51.	Strickland KC, Howitt BE, Barletta JA, et al. Suggesting the cytologic 
diagnosis of noninvasive follicular thyroid neoplasm with papillary-like 
nuclear features (NIFTP): a retrospective analysis of atypical and suspicious 
nodules. Cancer Cytopathol. 2018;126(2):86-93. 

52.	Rossi ED, Mehrotra S, Kilic AI, et al. Noninvasive follicular thyroid 
neoplasm with papillary-like nuclear features in the pediatric age group. 
Cancer Cytopathol. 2018;126(1):27-35.



Surg Child. 2025;2(1):21-27 Oncologic pediatric surgery and the risk factors for 
pediatric thyroid nodules

Bıçakcı et al.

27

53.	Ali SZ, Baloch ZW, Cochand-Priollet B, Schmitt FC, Vielh P, VanderLaan 
PA. The 2023 Bethesda system for reporting thyroid cytopathology. 
Thyroid. 2023;33(9):1039-1044.

54.	Cherella CE, Angell TE, Richman DM, et al. Differences in thyroid nodule 
cytology and malignancy risk between children and adults. Thyroid. 2019; 
29(8):1097-1104.

55.	Lebbink CA, Links TP, Czarniecka A, et al. European thyroid association 
guidelines for the management of pediatric thyroiesponse and radioiodine 
uptaka. Eur Thyroid J. 2022;11(6):e220146.

56.	Han M, Fan F. Bethesda system for reporting thyroid cytopathology an 
updated review. J Clin Transl Pathol. 2023;3(2):84-98.

57.	Patel J, Klopper J, Cottrill EE. Molecular diagnostics in the evaluation 
of thyroid nodules: current use and prospective opportunities. Front 
Endocrinol (Lausanne). 2023;14:1101410.

58.	Xing M. Genetic-guided risk assessment and management of thyroid 
cancer. Endocrinol Metab Clin North Am. 2019;48(1):109-124.


