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Abstract: Studies investigating the underlying genetic pro-
file in pediatric patients diagnosed with differentiated thy-
roid cancer (DTC) are quite limited. This study aimed to
identify genetic alterations in patients diagnosed with DTC.
A total of 20 patients with confirmed DTC were included in
the study; however, five were excluded due to the unavail-
ability of thyroid tumor samples. Somatic mutation analysis
of the DICER1, BRAF, KRAS, NRAS, and HRAS genes was
performed using next-generation sequencing. In addition,
gene fusions involving ALK, RET, PTC, ETV6, and NTRK3
were assessed using fluorescence in situ hybridization. A
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family screening was also conducted, and thyroid ultraso-
nography was performed. Fine-needle aspiration biopsy was
carried out for family members when deemed necessary.
The mean age at diagnosis was 14.42 + 2.88 years. Somatic
mutations were identified in nine patients (60 %). The
detected mutations were as follows: RET/PTC fusion (n=3),
BRAF V600E (n=2), NRAS Q6IR (n=1), NRAS A59D (n=1),
DICER1 E1705K (n=1), and ETV6/NTRK3 fusion (n=1). No sta-
tistically significant differences in prognostic factors were
observed between patients with and without somatic mu-
tations. As part of the family screening, suspicious thyroid
nodules were detected in four parents. One parent under-
went hemithyroidectomy, and final pathology revealed
papillary thyroid carcinoma. Considering the limited num-
ber of similar studies on childhood thyroid cancer, these
findings provide a valuable contribution to the existing
literature. In particular, the results obtained from family
screening may support advancements in early diagnosis,
risk stratification, and the development of targeted thera-
peutic approaches.

Keywords: pediatric differentiated thyroid cancer; NGS;
fusion-oncogenes; BRAF; RET-PTC

Introduction

Thyroid cancer is rare in childhood, accounting for 1.5-3% of
cancers diagnosed in children and adolescents [1]. However,
according to data from the National Cancer Institute’s Sur-
veillance, Epidemiology, and End Results (SEER) program, its
incidence in individuals under the age of 20 has been
increasing by 2 % annually [2, 3].

Differentiated thyroid cancers (DTCs), including papil-
lary thyroid cancer (PTC) and follicular thyroid cancer (FTC),
account for 95 % of thyroid cancers in children and adoles-
cents. Among DTCs, 90 % of cases are attributed PTC [4, 5].
Other histological subtypes, such as medullary thyroid can-
cer, poorly DTC, and anaplastic thyroid cancer, are rarer in
childhood [6].

There is evidence suggesting an increasing incidence of
DTC in children. Researchers believe that this dramatic rise
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is likely due to both an actual increase in thyroid cancer
incidence and advancements in diagnostic techniques. Ac-
cording to the SEER report, the incidence of PTC has
increased, while no significant change has been observed in
the incidence of FTC [2, 3].

In childhood, DTC tends to present with larger tumor
size, more extensive regional and nodal spread, and a higher
likelihood of distant metastasis compared to adulthood [7, 8].
The prevalence of distant metastasis in children is 20-30 %,
whereas in adults, it is significantly lower, ranging from 2 to
5% [9, 10].

The identification of various genetic mutations in
children and adolescents has been reported to aid in diag-
nosis, prognosis determination, and treatment planning
[11, 12]. These mutations are predominantly found in the
mitogen-activated protein kinase (MAPK) signaling
pathway [13]. Studies have shown that the most common
mutations in DTC involve BRAF, RAS, RET/PTC, and neuro-
trophic tyrosine kinase (NTRK) genes [14]. However, only a
small proportion of patients included in these studies are
under the age of 18, and studies specifically focusing on the
pediatric and adolescent population are quite rare. With
this study, we aimed to identify the genetic alterations
responsible for the development of DTC in children and
adolescents.

Materials and methods
Patient selection and review

This study included 20 patients under the age of 18 who
underwent thyroidectomy between January 2014 and April
2022 and agreed to participate. Thyroid tumor samples were
histologically evaluated. Five patients with insufficient tu-
mor samples were excluded from the study.

During the diagnostic and classification process, the
cytological evaluation of patients who underwent fine-
needle aspiration biopsy (FNAB) was performed according
to the Bethesda system [15]. The pathological diagnosis of
DTC was classified based on the World Health Organization
(WHO) classification of thyroid carcinoma [16]. Tumor risk
stratification was conducted according to the American
Thyroid Association (ATA) criteria [17].

The DICER1, BRAF, KRAS, NRAS, and HRAS genes were
analyzed using the next-generation sequencing (NGS)
method, while the ALK, RET, ETV6, PTC, and NTRK3 genes
were analyzed using the fluorescence in situ hybridization
(FISH) method.
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NGS analysis method
Pre-analysis preparation

The DICER1, BRAF, KRAS, NRAS, and HRAS genes included in
the DHS-005Z Human Lung Cancer Panel (Qiagen) were
analyzed using the NGS method. From the patient’s FFPE
(Formalin-Fixed, Paraffin-Embedded) tissues, four to five
sections of 10 um thickness were obtained, and DNA isola-
tion was performed using the QIAGEN QIAamp DNA FFPE
Advanced Kit. DNA concentration measurements were
conducted using the Qubit™ dsDNA HS Assay Kit with the
Qubit 4.0 (Thermo Fisher Scientific) device.

Library construction

The initial DNA concentration for library preparation was
calculated to be between 40 and 250 ng. Library products
were generated following the instructions of the Qiaseq
Targeted DNA Custom Panel (Qiagen) kit. In this process,
DNA isolated from FFPE samples was sequentially processed
into fragmented DNA, followed by the addition of a molec-
ular barcode and primary sample barcode primer, a gene-
specific primer with a forward primer, and a universal
primer with a secondary sample barcode primer. The quality
of the library products was assessed using the QIAGEN
Qiaxcel DNA High Resolution Kit, and quantification was
performed using the Qubit™ dsDNA HS Assay Kit.

Sequencing

After quantification of the DNA library products, the
appropriate concentrations for each library were calculated
according to the sequencing device guidelines. The DNA li-
braries were then pooled into a single library pool.
Sequencing was performed using the Illumina NextSeq550
system.

Data analysis

Following NGS, raw data analysis and variant interpreta-
tion steps were performed. The bioinformatic analysis of
raw data was conducted using a combination of QIAGEN
CLC Genomics Workbench and QIAGEN Clinical Insight
Interpret software. Detected variants were interpreted,
and clinically significant genetic alterations were listed in
the report.

The analysis of somatic data was carried out based on
the following criteria: variant read depth (>50x), allele
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fraction (>1 %), forward-reverse read balance, read quality

(>Q20), presence in homopolymer regions (single nucleotide

repeat regions), and minor allele frequency (<1 %). Variants

meeting these criteria were classified according to ACMG/

AMP guidelines as follows:

— If a variant was associated with an FDA-approved
therapy (Level A) or a clinically relevant research-based
therapy (Level B) with an impact on treatment response
(sensitivity, resistance, or toxicity) and/or prognosis, it
was classified as Tier IA/B.

— If avariant was linked to an FDA-approved therapy in a
different tumor type, eligibility for clinical trials (Level
(), or preclinical study findings without consensus
(Level D), it was categorized as Tier IIC/D.

— Variants classified as variants of uncertain significance
(VUS), either reported in the literature for the same or
different cancer types or not associated with any cancer,
were only reported if they were clinically relevant (Tier
III). Clinically irrelevant Tier III variants were not
included in the report.

— Variants with a minor allele frequency above 1% in
population databases that were not considered common
pathogenic variants were classified as Tier IV (benign)
and therefore excluded from the report.

For the biological and clinical interpretation of detected
variants, the QIAGEN Clinical Insight Interpret 5.6.20200117
software was used. To exclude the possibility of false posi-
tives, the NGS analysis was repeated twice for each case.

FISH method

FISH analysis was performed using the ALK (Spec ALK Dual
Color Break Apart Probe, Zytovision), RET (Spec RET Dual
Color Break Apart Probe, Zytovision), PTC (Spec PTC Dual
Color Break Apart Probe, Zytovision), ETV6 (Spec ETV6 Dual
Color Break Apart Probe, Zytovision), and NTRK3 (Spec
NTRK3 Dual Color Break Apart Probe, Zytovision) probes
according to the kit protocol. Tissue sections were pre-
processed for FISH using the FISH-Tissue Implementation
Kit (Zytolight, Zytovision).

Kit protocol

Sections of 5 um thickness were obtained from selected FFPE

blocks of the cases and mounted onto positively charged

slides. The slides were incubated in an oven at 56 °C for

45 min.

— Deparaffinization: The sections were incubated in two
series of xylene for 20 min. This was followed by
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sequential immersion in 100, 85, and 70 % ethanol, each
for 2 min, to complete the deparaffinization process.

— Boiling: The deparaffinized sections were boiled in
preheated citrate solution (98 °C) for 45 min. At the end
of the incubation, the sections were washed with
distilled water and air-dried.

— Pepsin treatment: Once air-dried, a sufficient amount
of pepsin solution was applied to the sections. The slides
were incubated in a Thermobright device at 37°C for
20 min. After incubation, the sections were washed in 2x
SSC solution and distilled water for 5min each. They
were then sequentially dehydrated in 70, 85, and 100 %
ethanol, each for 2 min, and air-dried.

— Hybridization: Each section was treated with individ-
ual probes, covered with a coverslip, and sealed with
rubber cement to prevent air exposure. The slides were
then incubated in a Thermobright device at 75°C for
10 min for denaturation, followed by overnight hybrid-
ization at 37 °C.

— Post-hybridization washes: The next day, the sections
were washed in three series of preheated wash solutions
at 37°C. After washing, the slides were sequentially
dehydrated in 70, 85, and 100 % ethanol, each for 2 min,
and air-dried.

— Fluorescent staining and analysis: The preparations
were counterstained with DAPI solution and incu-
bated at 4°C for 20 min. Fluorescence microscopy
analysis was then performed, evaluating 100 tumor
cells per probe.

Family screening

The parents and, if possible, siblings of the patients included
in the study were contacted and enrolled after obtaining
their informed consent. Each individual was evaluated by
the same endocrinology specialist. Thyroid function tests,
thyroid autoantibodies, and thyroid ultrasound (USG) were
performed. FNAB was conducted for patients when deemed
necessary.

Ethics

Informed consent was obtained from all participants or their
legal guardians before inclusion in the study. The study was
conducted in accordance with the principles of the Decla-
ration of Helsinki. The study was authorized by the ethics
committee of our university (approval date: 03/16/2022,
approval no: KAEK-133).
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Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics
v23.0 (IBM Corp., Armonk, NY, USA). Categorical variables
were presented as frequency (n) and percentage (%). The
distribution of the data was assessed using the Kolmogorov-
Smirnov (K-S) test. Normally distributed data were expressed
as mean + standard deviation (SD) and compared using the
Student’s t-test. Categorical variables were analyzed using the
Chi-square test or Fisher’s exact test, as appropriate. A p-value
of <0.05 was considered statistically significant.

Results

Patient characteristics tumor types,
presentation, and initial therapy

A total of 20 patients were included in the study; however,
five patients were excluded due to the unavailability of their
thyroid tumor samples. The genetic alterations of 15 patients
were analyzed. The mean age at diagnosis was 14.42 + 2.88
years. Eleven patients (73.3 %) were female, while four pa-
tients (26.7%) were male. Hashimoto’s thyroiditis was
identified in three patients (20 %), and Graves’ disease was
detected in one patient (6.7%). Overall, autoimmune
thyroiditis was present in four patients (26.7 %). Follicular
thyroid carcinoma was diagnosed in two patients (13.3 %),
whereas PTC was identified in 13 patients (86.7 %). According
to the ATA risk stratification, four patients were classified as
low-risk, seven as intermediate-risk, and four as high-risk.
The diagnoses, surgical procedures performed, TNM staging,
ATA classification, and radioactive iodine (RAI) therapy
status of the patients are presented in Table 1.

Molecular genetic analysis, risk stratification
(ATA risk classification, TNM staging)

RET fusion was identified in three patients and ETV6/NTRK3
fusion in one patient by FISH analysis. BRAF V600E mutation
in two patients, NRAS Q61R mutation in one patient, NRAS
A59D mutation in one patient, and DICER E1705K mutation in
one patient were detected by NGS analysis. The NGS analysis
was repeated twice, yielding consistent results. The allele
frequencies of these variants in the respective patients were
31, 20,11, 7.7, and 13.5 % (Table 1, Figure 1).

Among the three patients with RET fusion, two under-
went hemithyroidectomy, while one underwent total thy-
roidectomy followed by completion surgery. Two of these
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patients were classified as low risk according to the ATA risk
stratification and had no lymph node metastases, whereas one
was classified as high risk with distant lymph node metastases.

Both patients with the BRAF V600E mutation were in the
ATA intermediate-risk group and had regional lymph node
metastases. Total thyroidectomy was performed in both cases.

The patient with the NRAS Q61R mutation was diagnosed
with follicular thyroid carcinoma, classified as ATA interme-
diate risk, and had regional lymph node involvement.

The patient with the NRAS A59D mutation was classified
as high risk, with a tumor stage of 2 and distant lymph node
metastases.

The patient with the DICER E1705K mutation was clas-
sified as intermediate risk and had distant lymph node
metastases.

The patient with the ETV6/NTRK3 fusion was diagnosed
at the age of 8. At the time of diagnosis, the tumor was
classified as stage 4a, with extensive invasion of neck tissues,
laryngeal nerve invasion, and distant lung metastases. Due
to laryngeal nerve involvement, surgery was performed in
two stages, followed by RAI therapy. No relapse was detected
during a three-year follow-up period after diagnosis.

Patient number six had a history of radiotherapy for a
previous diagnosis of Ewing sarcoma; however, no mutations
were identified in this patient. Due to the limited sample size,
statistical analysis to determine associations between genetic
alterations and different tumor types could not be performed.
The detected mutations, diagnoses, and treatment approaches
of the patients are summarized in Table 1. No ALK, KRAS, or
HRAS mutations were identified in any patient.

Comparison between tumors with a
mutation or fusion versus none

Mutations were identified in nine patients (60 %), whereas
no mutations were detected in six patients (40 %). The mean
age of patients with mutations was 13.88 + 3.11 years, while
the mean age of those without mutations was 15.23 + 2.55
years. Among patients with detected mutations, 66.7 % were
female and 33.3 % were male. The initial surgical treatment
for patients with mutations was total thyroidectomy in
77.8 % of cases, whereas for those without mutations, total
thyroidectomy was performed in 33.3 % of cases. N1b nodal
invasion was identified in 44.4 % of patients with mutations,
compared to 16.7 % of those without mutations. Among pa-
tients with mutations, 33.3 % were classified as high risk
according to the ATA risk stratification, and 66.7 % received
RAI therapy. In contrast, among patients without mutations,
16.7 % were classified as high risk, and 50 % received RAI
therapy. No statistically significant difference was observed
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Table 1: Patients’ diagnosis, treatment, staging, and genetic alterations.

Patient Mutation/ Allele Thyroid carci- Thyroidectomy TNM ATA risk RAI Autoimmune
fusion frequencies noma types procedure staging classification thyroiditis
1 - - PTC H&C T2N1bMO High + -
2 RET/PTC - PTC Hemi T1aNxMO0 Low - HT
3 RET/PTC - PTC Hemi T1aN0aM0  Low - HT
4 RET/PTC - PTC TIX& C T1bN1bMO  High + -
5 - - PTC H&C T3aN1aM0  Intermediate + -
6 - - PTC TTX T1bN1aM0  Intermediate + -
7 DICER: E1705K 31% PTC TIX& C T1bN1bMO  Intermediate + -
8 NRAS: Q61R 20% FTC TTX T1aN1aM0  Intermediate + GD
9 BRAF: V600E 1% PTC TTX T1bN1aM0  Intermediate + -
10 BRAF: V600E 7.7% PTC TTX T1bN1aM0  Intermediate + -
11 - - FTC H&C T1aN0aMO0  Low - -
12 ETV6/NTRK3 - PTC TTX T4aN1bM1  High + -
13 NRAS: A59D 13.5% PTC TTX T2N1bMO High + -
14 - - PTC TTX T1aN1aM0  Intermediate + HT
15 - - PTC Hemi T1bNxMO Low - -

PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma; Hemi, hemithyroidectomy; H & C, hemithyroidectomy and completion thyroidectomy;
TTX, total thyroidectomy; M1, distant metastases; HT, Hashimoto thyroiditis; GD, Graves disease; ATA, American Thyroid Association.

Figure 1: FISH analyses demonstrating rearrangements involving the RET, ETV6, and NTRK3 genes using break-apart probes (ZytoVision, Bremerhaven,
Germany). (A) RET break-apart probe showing a classical rearrangement pattern with one fusion (yellow) signal and single red and green signals,
indicating separation of 5 and 3’ regions. (B) RET break-apart probe showing an atypical pattern with one fusion signal and a single green signal,

consistent with 3’ (red) signal deletion. (C) ETV6 break-apart probe showing a classical rearrangement pattern with one fusion signal, a single red signal (3’
end), and a single green signal (5" end). (D) NTRK3 break-apart probe showing a classical rearrangement pattern with one fusion signal, a single red signal
(3’ end), and a single green signal (5" end).
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Table 2: Comparison between tumors with a mutation or fusion versus none.

Mutation/fusion Overall p-Value
Yes (n=9/60 %) No (n=6/40 %) n=15

Age at diagnosis (SD) 13.88 + 3.11 15.23 + 2.55 14.42 + 2.88 0.39°
Gender 0.46°
Female, n (%) 6 (66.7 %) 5(83.3 %) 11 (73.3 %)
Male, n (%) 3(33.3%) 1(16.7 %) 4 (26.7 %)
Initial surgery 0.11°
Hemithyroidectomy 2(22.2%) 4 (66.7 %) 6 (40 %)
Total thyroidectomy 7 (77.8 %) 2(33.3%) 9 (60 %)
Tumor type 0.65°
PTC 8 (88.9 %) 5(83.3%) 13 (86.7 %)
FTC 1(11.1 %) 1(16.7 %) 2(13.3%)
Tumor (T) 0.89°
T 7 (77.8 %) 4 (66.7 %) 11 (73.3 %)
T2 1(11.1 %) 1(16.7 %) 2(13.3%)
T3+ T4 1(11.1%) 1(16.7 %) 2 (13.3 %)
Nodal spread (N) 0.53°
None (0/X) 2(22.2%) 2(33.3%) 4 (26.7 %)
N1a 3(33.3%) 3(50.0 %) 6 (40.0 %)
N1b 4 (44.4 %) 1(16.7 %) 5(33.3%)
Other thyroid disease 0.46°
Hashimoto/Graves 3(33.3%) 1(16.7 %) 4 (26.7 %)
None 6 (66.7 %) 5(83.3%) 11 (73.3 %)
ATA risk classification 0.75°
Low 2(22.2%) 2 (33.3%) 4(26.7 %)
Intermediate 4 (44.4 %) 3 (50.0 %) 7 (46.7 %)
High 3(33.3%) 1(16.7 %) 4 (26./%)
RAI 0.45°
Yes 6 (66.7 %) 3 (50 %) 9 (60 %)
No 3(33.3%) 3 (50 %) 6 (30 %)

*t-test, "Chi-square test or Fisher’s exact test. Except for the age of diagnosis in years, expressed as an average (SD), all other parameters are the number of
cases (%). PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma; ATA, American Thyroid Association.

between the groups with and without mutations. The gen- acellular specimen and is currently under follow-up. In one
eral characteristics, diagnoses, and treatment approaches of family member, the initial biopsy revealed atypia of un-
patients with and without detected mutations are summa- determined significance (AUS), while a second biopsy
rized in Table 2. indicated a follicular lesion of undetermined significance

(FLUS). This individual subsequently underwent hemi-

thyroidectomy, and the final pathology confirmed papillary
Molecular genetic analysis and family thyroid carcinoma. No mutations were detected in this
screening patient’s son.

The father of the patient with the ETV6/NTRK3 fusion

The parents and, when possible, the siblings of the patients and widespread metastases at diagnosis was found to have
undergoing genetic alteration analysis were evaluated by multiple hypoechoic nodules on thyroid USG. Two FNAB
an endocrinology and metabolism specialist, and thyroid procedures performed on this family member revealed a
ultrasonography (USG) was performed. Hashimoto’s colloidal nodule and an acellular specimen. The patient’s
thyroiditis was detected in six patients’ mothers and one follow-up is ongoing.
patient’s father (23.3 %). In the family screening, suspicious Due to the limited number of cases, statistical correla-
thyroid nodules were identified in two patients’ mothers tion between the detected mutations in patients and the
and two patients’ fathers. One parent declined FNAB. findings from family screening could not be established. The
Among the family members who underwent FNAB, onewas characteristics and findings of family members are pre-
diagnosed with a benign lesion, while another had an sented in Table 3.
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Discussion

The prevalence of genetic alterations in DTC among children
and adolescents remains controversial, and their role as
prognostic factors is still unclear. This uncertainty arises from
the small sample sizes of pediatric cohorts and the hetero-
geneity of the studied populations. Through this study, we
contribute to a field where significant knowledge gaps persist.

In our study, we detected genetic mutations in 60 % of
cases. Newfield et al. [18] identified genetic mutations in
82.8 % of cases in their study utilizing NGS analysis. Other
pediatric studies have reported mutation detection rates
ranging from 69.7 to 96.3 % [19-21]. In our study, the mean
age at diagnosis was 14.42 + 2.88 years. However, the mean
age of patients with detected mutations was 13.88 + 3.11
years, whereas for those without mutations, it was
15.23 + 2.55 years. Previous studies have also reported similar
mean ages at diagnosis (14.9 and 14.5 years) [20, 21].

The most commonly reported mutation in pediatric DTC
is the RET/PTC fusion. Various studies have reported its
prevalence ranging from 15 to 77 % [22-24]. In our study,
RET/PTC fusion was also the most frequently detected ge-
netic alteration, identified in three patients (20 %). Among
these, two patients were classified as low risk and one as
high risk according to the ATA risk stratification. Previous
studies evaluating its role as a prognostic factor have not
demonstrated a significant association [24-26].

The second most frequently detected mutation in chil-
dren and adolescents is BRAF V600E, accounting for 28 % of
cases [27-29]. In our study, BRAF V600E was identified in two
patients (13.3 %). While some studies have found no associa-
tion between BRAF V600E mutation and prognosis, Alzahrani
et al. [30] reported higher rates of persistence and recurrence
in patients harboring this mutation. Additionally, Franko et al.
[31] demonstrated an increased frequency of metastasis to the
lateral cervical lymph nodes. In our study, both patients with
BRAF V600E had local lymph node involvement and were
classified as ATA intermediate-risk. Following total thyroid-
ectomy and RAI therapy, no recurrence was observed.

Mutations in RAS genes can occur in HRAS, KRAS, or
NRAS proteins. Compared to the adult population, these mu-
tations are rarer in pediatric cases, and no association with
prognosis has been reported [24, 26]. In our cohort, NRAS
mutations were identified in two patients (13.3 %). The patient
with the NRAS A59D mutation was classified as ATA high-risk,
had a tumor stage of 2, and presented with distant lymph node
metastases. In contrast to our findings, previous studies have
reported that adult patients with RAS mutations rarely pre-
sent with lymph node or distant metastases [32]. Similarly,
Franko et al. [31] observed less metastatic behavior in
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pediatric patients with RAS-mutant tumors. However, due to
the low number of RAS-mutant cases in their cohort, they
were unable to reach statistically significant conclusions.

The ETV6-NTRK3 fusion has recently gained attention
among researchers. Its prevalence is high in pediatric and
adolescent DTC, making it the third most frequently detected
mutation [19, 26, 33]. In our study, a single patient with this
fusion was diagnosed at 8 years of age. At the time of diag-
nosis, the tumor was classified as stage 4a, with extensive
local invasion and distant metastases. However, the patient’s
prognosis was favorable with appropriate treatment.
Consistent with previous studies, NTRK3 fusions have been
associated with poor clinical features, widespread disease,
and metastases [19, 23, 26, 33]. In a study comparing it to the
BRAF mutation, ETV6-NTRK3 fusions were found to be
associated with larger tumor sizes and increased lympho-
vascular invasion at presentation [19].

Previous studies have demonstrated that, compared to
adult patients, fusion oncogenes are three times more prev-
alent in pediatric PTC [18, 34]. In general, RET fusions are the
most commonly observed, followed by ETV6/NTRK3 fusions
[19-21, 33, 35]. Consistent with the literature, we identified
RET/PTC fusion in three patients and ETV6/NTRK3 fusion in
one patient. Some studies have suggested an association he-
tween radiation exposure and an increased frequency of RET/
PTC3 fusions [36]. In our cohort, one patient had a history of
radiation exposure; however, no mutation was detected in
this patient. ALK fusions have not been reported in previous
studies on the pediatric population, and we similarly did not
detect ALK mutations in our study.

Although some differences were observed between ge-
netic anomalies or mutation types and tumor size as well as
lymph node metastasis, no significant association was
identified [19]. However, in a European cohort study, fusion
oncogenes were associated with larger tumor size [20].
Larger cohorts are needed to draw more definitive conclu-
sions on this subject. Similarly, in our cohort, no statistically
significant difference was found between patients with and
without genetic anomalies.

In our study, autoimmune thyroiditis was identified in
26.7 % of patients. According to United States (U.S.) data, the
prevalence of autoimmune thyroiditis in adolescents in the
general population is 4.8 % [37]. Newfield et al. [18] reported a
prevalence of 43.5 % in their cohort and found that PTC was
more frequently detected (75 %) in patients with Hashimoto’s
thyroiditis. Among our four patients with autoimmune
thyroiditis, three had detectable genetic alterations (two with
RET/PTC fusions and one with an NRAS Q61R mutation). In the
same study, genetic alterations were detected in 100 % of pa-
tients with Hashimoto’s thyroiditis (HT), compared to 61.5 % of
those without HT. The distribution of HT varied depending on



DE GRUYTER

the type of genetic alteration. Specifically, among patients
with BRAFV600E mutations, 63.6 % had HT and 36.4 % did not.
In those with PAX8-PPARYy rearrangements, 25 % had HT and
75 % did not. For RET-PTC fusions, 75 % of patients had HT and
25% did not, while among patients with other fusion types,
60 % had HT and 40 % did not [18].

Familial thyroid cancers have been established as he-
reditary malignancies in previous epidemiological studies.
These studies have demonstrated a significantly increased
risk among affected individuals’ family members [38]. How-
ever, no associated germline mutations or somatic mutations
commonly detected in PTC (such as RET/PTC, BRAF, and RAS)
have been identified [39]. In a study by Rios et al. [40]
comparing the relatives of patients diagnosed with PTC to the
healthy population, the incidence of thyroid cancer was re-
ported as 5.5 % in the study group and 1.3 % in the control
group. Additionally, 50 % of patients were found to have
benign thyroid disease. To contribute to the existing literature
on this topic, we conducted a family screening in our study.
Suspicious thyroid nodules were detected in four parents, and
further evaluation was planned. One of these parents was
diagnosed with PTC and underwent hemithyroidectomy.
However, no somatic mutations were detected in their child.
Furthermore, in the parent of the patient with ETV6/NTRK3
fusion and advanced-stage disease, multiple hypoechoic
nodules were identified. Although no definitive genetic mu-
tation has yet been linked to familial PTC, we believe that
family screening may be beneficial for early diagnosis. If ge-
netic mutations are identified in the future, personalized and
targeted diagnostic and therapeutic approaches can be
implemented. Previous studies and systematic reviews have
also supported this perspective [39, 40].

The limitations of our study include its retrospective
design and the small cohort size. However, this single-center
sample contributes valuable data to a field that requires
extensive research and clarification. Due to the small sample
size and the diversity of genetic anomalies, statistical ana-
lyses were limited. Another limitation is that DTC typically
has an indolent course, and long-term follow-up is chal-
lenging, particularly as some patients transition to adult
care. Consequently, it was not possible to establish an asso-
ciation between genetic anomalies and relapse rates.

Conclusions

In conclusion, this study provides important findings on the
genetic alterations observed in pediatric and adolescent
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patients with DTC, with somatic mutations detected in 60 %
of the cases. Although no significant associations were found
between genetic mutations and prognostic factors in our
study, the mutations identified, particularly in genes such as
RET/PTC, BRAF, NRAS, and ETV6/NTRK3, may offer valuable
insights into the molecular mechanisms underlying pediat-
ric DTC. Additionally, the results from family screening,
including the detection of suspicious thyroid nodules in
some first-degree relatives and a case of familial papillary
thyroid carcinoma, suggest a possible genetic predisposition
and emphasize the importance of regular follow-up for at-
risk family members. Larger, multi-center, and long-term
follow-up studies are needed to fully elucidate the prognostic
impact of these genetic mutations. Nevertheless, our study
provides a foundation for future research and supports the
potential role of genetic screening in early diagnosis, risk
stratification, and the development of targeted therapeutic
approaches for pediatric thyroid cancer.
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