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Abstract 

Introduction  Activation of the MAPK pathway by genetic mutations (such as BRAF and RET) initiates and accelerates 
the growth of papillary thyroid carcinoma (PTC). However, the correlation between genetic mutations and clinical 
features remains to be established. Therefore, this study aimed to retrospectively analyze major genetic mutations, 
specifically BRAF mutations and RET rearrangements, and develop a treatment algorithm by comparing background 
and clinical characteristics.

Method  One hundred thirteen patients with primary PTC were included in this study. BRAF mutations were detected 
via Sanger sequencing and RET rearrangements were detected via fluorescence in situ hybridization (FISH) analysis, 
and reverse transcription polymerase chain reaction (RT-PCR). The patients were categorized into two groups based 
on the presence of BRAF mutations and RET rearrangements and their clinical characteristics (age, sex, TNM, stage, 
extratumoral extension, tumor size, unifocal/multifocal lesions, vascular invasion, differentiation, chronic thyroiditis, 
preoperative serum thyroglobulin level, and 18F-fluorodeoxyglucose (FDG) uptake) were compared subsequently.

Result  After excluding unanalyzable specimens, 80 PTC patients (22 males and 58 females, mean age: 57.2 years) 
were included in the study. RET rearrangements were positive in 8 cases (10%), and BRAF mutation was positive in 63 
(78.6%). The RET rearrangement group was significantly associated with younger age (p = 0.024), multifocal lesion 
(p = 0.048), distant metastasis (p = 0.025) and decreased 18F-fluorodeoxyglucose uptake (p < 0.001). The BRAF mutation 
group was significantly associated with unifocal lesions (p = 0.02) and increased 18F-FDG uptake (p = 0.004).

Conclusion  In this study, an increase in M classification cases was found in the RET rearrangements group. How-
ever, genetic mutations were not associated with the clinical stage, and no factors that could be incorporated 
into the treatment algorithm were identified.
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Introduction
Thyroid carcinoma, a malignancy of the endocrine sys-
tem, can be classified into papillary, follicular, poorly 
differentiated, medullary, and anaplastic thyroid car-
cinoma. The incidence of thyroid carcinoma increased 
worldwide over the past four decades [1]. Globally, 
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in 2022, the age-standardized incidence rates of thy-
roid cancer were 13.6 per 100 000 women and 4.6 per 
100 000 men [2]. Papillary thyroid carcinoma (PTC), 
which originates from thyroid follicular cells, accounts 
for 85% of all cases of thyroid carcinoma. Surgical 
resection remains the primary treatment for PTC, 
with a 10-year survival rate of 95% indicating a gener-
ally favorable prognosis [3]. Radioactive iodine therapy 
has been used for the treatment of recurrent or meta-
static cases [4]. Multi-kinase inhibitors (MKI), such as 
lenvatinib and sorafenib, have been indicated for the 
treatment of iodine-refractory cases [5]. Lenvatinib 
and sorafenib extend the progression-free survival in 
international Phase III trials by 14.7 months (lenvatinib 
group: 18.3  months vs. placebo group: 3.6  months, 
hazard ratio [HR]: 0.21, 99% confidence interval [CI]: 
0.14–0.31) and 5 months (sorafenib group: 10.8 months 
vs. placebo group: 5.8 months, HR: 0.59, 95% CI: 0.45–
0.76), respectively [6, 7]. Subsequent clinical trials have 
also reported an extension in progression-free sur-
vival [8, 9]. However, options for subsequent treatment 
are limited for patients exhibiting resistance to MKIs. 
MKIs do not target a particular gene as an indicator 
for drug selection; however, molecularly targeted drugs 
that focus on genetic mutations have garnered interest 
as therapeutic options [3].

Recent advances in genetic analysis techniques have 
revealed the role of multiple gene mutations in the devel-
opment and progression of thyroid carcinomas. Recent 
treatment strategies target genetic mutations that acti-
vate the MAPK pathway or PI3K pathway, such as RET, 
RAS, NTRK, and BRAF, in patients with PTC [10]. BRAF 
mutation is observed most frequently in patients with 
PTC, followed by RET rearrangements, RAS mutations, 
and NTRK mutations, which are mutually exclusive [10, 
11]. Furthermore, The Cancer Genome Atlas proposed 
that PTC could be classified into two molecular sub-
types based on transcriptomic characteristics, BRAF-
like (BRAF V600E and RET/PTC rearrangements) and 
RAS-like (HRAS, NRAS, or KRAS). RAF-like PTC pri-
marily activate the MAPK pathway and are more aggres-
sive than RAS-like PTC [12, 13]. Thus, previous studies 
have revealed an association between gene mutations 
and malignancy and prognosis; however, there are not 
enough studies that have conducted a comprehensive 
gene analysis of all types of thyroid carcinoma, includ-
ing lesions that have undergone treatment. Furthermore, 
guidelines for the treatment or clinical outcomes in this 
context remain to be established, and indications for 
genetic testing are not clearly indicated.

Therefore, this study aimed to retrospectively ana-
lyze the major genetic mutations, BRAF mutations, 
and RET rearrangements, and develop a treatment 

algorithm by comparing patient backgrounds and clinical 
characteristics.

Materials and methods
Patients and tumor samples
One-hundred-thirteen patients with PTC who had 
undergone thyroidectomy at the Otorhinolaryngology/
Head and Neck Surgery Department of Kanazawa Uni-
versity Hospital between April 2021 and March 2024 
were included in this study. Patients with primary lesions 
were eligible for inclusion. PTC was diagnosed by pathol-
ogists at the Kanazawa University Hospital using tissue 
slides obtained from formalin-fixed paraffin-embedded 
(FFPE) samples of PTC tissues including primary of thy-
roid carcinomas. Seven cases were excluded owing to dif-
ficulty in excision due to calcification or the small size of 
the tumor (< 1 mm). The remaining 106 patients under-
went fluorescence in  situ hybridization (FISH) analysis. 
This study was approved by the Investigational Review 
Board of Kanazawa University (approval no.114524).

Data analysis
The presence of BRAF mutation was identified via Sanger 
sequencing. RET rearrangements were comprehensively 
detected via FISH analysis, regardless of the partner gene. 
Furthermore, RET/PTC1, a representative RET rear-
rangement, was identified via RT-PCR. Patients were 
categorized into two groups based on the presence or 
absence of BRAF mutation and RET rearrangements. The 
following background and clinical characteristics of the 
patients were retrospectively examined: age, sex, TNM, 
stage, extratumoral extension (ex), tumor size, unifocal/
multifocal lesions, lymphatic invasion, venous invasion, 
differentiation, preoperative serum thyroglobulin levels, 
chronic thyroiditis, and 18F-FDG uptake. Tumor staging 
was performed according to the UICC for International 
Cancer Control TNM classification (eighth edition). A 
poorly differentiated carcinoma was defined as one that 
contains even a small amount of poorly differentiated 
components. We defined chronic thyroiditis as either 
a pre-existing condition noted before surgery or a con-
dition identified pathologically from thyroid tissue sur-
rounding the tumor.

RNA/DNA isolation
RNA and DNA were isolated from FFPE tissue slices of 
PTC using the AllPrep DNA/RNA FFPE Kit (QIAGEN, 
Hilden, Germany). Deparaffinization was performed 
using the Deparaffinization Solution (QIAGEN, Hilden, 
Germany). RNA was reverse-transcribed to cDNA using 
ReverTraAce  qPCR RT Master Mix (TOYOBO, Osaka, 
Japan). All procedures were performed in accordance 
with the manufacturer’s instructions.
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RET rearrangements reverse transcription polymerase 
chain reaction
RET/PTC1 was amplified via nested polymerase chain 
reaction (nested PCR). Forward and reverse primers were 
set in the CCDC6 and tyrosine kinase regions, respec-
tively [14]. Table  1 presents the primer sequences. The 
cDNA, primers, and Master Mix (KOD One PCR Mas-
ter Mix Blue TOYOBO, Osaka, Japan) were adjusted, and 
PCR was performed as follows: First PCR: one cycle at 
98℃ for 2 min, 30 cycles of denaturation (98℃ for 10 s), 
annealing (56℃ for 5  s), and extension (68℃ for 5  s). 
Second PCR: one cycle at 98℃ for 2  min, 35 cycles of 
denaturation (98℃ for 10 s), annealing (55℃ for 5 s), and 
extension (68℃ for 5  s). Electrophoresis was performed 
on 2% agarose gel to analyze the PCR products. The posi-
tive control for RET/PTC1 was created using a thyroid 
papillary carcinoma cell line that has the CCDC6-RET 
rearrangement. RNA extraction from the cell line was 
performed using the RNeasy Plus Mini Kit (QIAGEN, 
Hilden, Germany).

BRAF mutation Sanger sequencing
PCR was performed to amplify exon 15 of the BRAF gene, 
which may contain the T1799A mutation (BRAFV600E). 
Table 1 presents the primer sequences [15].

The dsDNA, primers, and Master Mix (KOD One PCR 
Master Mix Blue TOYOBO, Osaka, Japan) were adjusted, 
and PCR was performed as follows: one cycle at 95℃ for 
5 min, 35 cycles of denaturation (95℃ for 30 s), anneal-
ing (60℃ for 30 s), and extension (72℃ for 40 s). Sanger 
sequencing was performed using an external DNA 
sequencing service (FASMAC, Kanagawa, Japan) to eval-
uate the purified PCR products.

FISH analysis
The ZytoLight FISH-Tissue Implementation Kit (Zyto-
Vison GmbH, Bremerhaven, Germany) was used to per-
form tissue preparation, including deparaffinization and 
proteolysis of 4-mm FFPE tissue slides. A ZytoLight 
SPEC RET Dual Color Break-Apart Probe (ZytoVison 

GmbH, Bremerhaven, Germany) was used to perform 
denaturation and hybridization. The cell nuclei were 
analyzed via fluorescence microscopy (Olympus, Tokyo, 
Japan). All procedures were performed in accordance 
with the manufacturer’s instructions. The rearrange-
ment and non-rearrangement patterns are evaluated for 
each nucleus. RET rearrangements exhibited one orange/
green-fused signal and one separated orange/green signal 
per nucleus. The cut-off for the separation distance was 
set at ≥ 2 signal strengths.

Non-rearrangements exhibit two orange/green-fused 
signals per nucleus. Fifty nuclei were counted. Nuclei 
with RET fusion genes in ≥ 15% of the nuclei were defined 
as RET rearrangement-positive [14, 16].

Statistical analysis
All statistical analyses were performed using IBM SPSS 
statistics software version 27.0.1(IBM, Chicago, IL, 
United States). The patients were assigned to two groups 
based on the presence or absence of RET rearrangement 
and BRAFV600E mutation, respectively. Cases in which 
genetic evaluation was difficult were excluded from the 
allocation. Patient backgrounds and clinical characteris-
tics were compared subsequently. Continuous variables 
were evaluated using Welch’s t-test. Nominal variables 
were evaluated using the chi-squared test or Fisher’s 
exact test. Statistical significance was set at P ≤ 0.05.

Results
Eighty patients with PTC, excluding specimens that 
were deemed unanalyzable, were included in the present 
study. Total resection was performed in 24 cases and par-
tial resection in 56 cases. Table 2 summarizes the back-
ground and clinical characteristics of all patients. The 
study cohort comprised 22 males and 58 females (mean 
age: 57.2 years). The tumor stages were T1–2 and T3–4 
in 59 and 21 cases, respectively. The lymph node status 
was N0 and N1 in 39 and 41 cases, respectively. Miss-
ing values were noted for vascular invasion, tumor size, 
preoperative serum thyroglobulin levels, and 18F-FDG 
uptake.

RET rearrangements and clinical characteristics
Figures  1 and 2 present representative images of RET 
rearrangements of the PCR products determined via 
FISH and gel electrophoresis. Factors, such as absent or 
weak fluorescence, hindered the evaluation for 26 cases. 
FISH revealed RET rearrangements in eight (10%) of the 
80 cases. PCR revealed RET rearrangement in two cases. 
PCR-positive cases were not observed among the FISH-
negative cases. Patients were categorized into two groups 
based on the presence or absence of RET rearrange-
ments, and the clinical characteristics were compared 

Table 1  Primer sequences for RET/PTC1 and BRAFV600E 
amplification

RET rearrangements

  Forward 5’-AGC​GCC​AGC​GAG​AGC​GAC​ACG-3’

  Reverse 5’-TAC​CCT​GCT​CTG​CCT​TTC​AGA​TGG​-3’

  Nested forward 5’-GTC​GGG​GGG​CAT​TGT​CAT​CT-3’

  Nested reverse 5’-AGT​TCT​TCC​GAG​GGA​ATT​CC-3’

BRAFV600E

  Forward 5’‐CTC​TTC​ATA​ATG​CTT​GCT​CTG​ATA​GG‐3’

  Reverse 5’‐AGT​TGA​GAC​CTT​CAA​TGA​CTT​TCT​AGT‐3’
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subsequently (Table  3). The RET rearrangement group 
was significantly associated with younger age (40.3 ± 18.5 
vs 60.0 ± 15.7 p = 0.024), an increase in the number of 
multifocal lesions cases (p = 0.048), distant metastasis 
(M classification p = 0.025) and the decreased 18F-FDG 
uptake (4.28 ± 1.76 vs 15.8 ± 14.6 p < 0.001). No significant 
differences were observed between the two groups in 
terms of sex, TN classification, stage, EX, vascular inva-
sion, differentiation, chronic thyroiditis, tumor size, or 
preoperative thyroglobulin levels.

BRAF mutation and clinical characteristics
Figure  3 presents the results of BRAFV600E Sanger 
sequencing analysis. Two cases could not be evaluated 
owing to as it could not be amplified. (FISH analysis 
was also not available for these two cases.) Sixty-three 
(78.6%) of the 80 cases were positive. BRAF mutation was 
observed in one patient in the RET rearrangement-posi-
tive group (eight cases). These two genetic mutations are 
considered mutually exclusive, increasing the possibil-
ity of false positives [12]. Patients were categorized into 
two groups based on the presence or absence of BRAF 
mutations and compared their clinical characteristics 
(Table 3). A significant increase in the number of unifocal 
lesion cases (p = 0.02) and 18F-FDG uptake was observed 
in the BRAF mutation-positive group (17.0 ± 15.0 vs 
6.33 ± 6.80, p = 0.004). No significant differences were 
found for other factors.

Chronic thyroiditis could be a factor affecting 18F-FDG 
uptake, so an additional T-test was performed on the 
presence or absence of chronic thyroiditis and 18F-FDG 
uptake. There was no significant difference between the 
two groups (12.4 ± 7.56 vs 15.3 ± 15.5, p = 0.452).

Discussion
According to the conventional perspective on the patho-
genesis of thyroid carcinoma, these lesions develop 
owing to the accumulation of mutations, which propel 
progression through an initial dedifferentiation process 
that results in the formation of well-differentiated carci-
nomas, namely papillary and follicular carcinomas [17]. 
Several genetic alterations contributing to most subtypes 
of thyroid carcinoma have been identified. These altera-
tions predominantly affect the components of the prin-
cipal oncogenic pathways, such as the MAPK and PI3K/
AKT pathways, which are involved in signal transduction 
from receptor tyrosine kinases. Thus, these pathways play 
a crucial role in cell survival and proliferation and are 
primarily regulated by external growth factors supplied 
by the surrounding cells. Genetic mutations result in 
the dysregulated activation of these pathways, leading to 
tumor formation [18]. Activation of the MAPK pathway 
plays a key role in the development of PTC and involves 
BRAF mutations, RET rearrangements, and NTRK 
fusion genes [19].

The binding of RET to another gene via chromosomal 
rearrangements leads to RET rearrangements, yield-
ing several types of RET rearrangements depending 
on the partner gene. Over 30 types have been reported 
to date. RET/PTC1 (CCDC6-RET) and RET/PCT3 
(NCOA4-RET) account for 90% of RET rearrange-
ments in patients with PTC [20–25]. Recent clinical 
data suggest a positivity rate of 10–20% [11, 26], with 

Table 2  Patient characteristics

a some missing data

All Patients Characteristics

Age (Mean ± SD) 57.2 ± 16.8

Sex (cases)

  Male 22

  Female 58

T classification

  1–2 59

  3–4 21

N classification

  0 39

  1 41

M classification

  0 77

  1 3

Exa

  0 61

  1–2 18

Stage

  1–2 76

  3–4 4

Unifocal/multifocal lesion

  unifocal 56

  multifocal 24

Lymphatic invasion a

  positive 32

  negative 19

Venous invasion a

  positive 52

  negative 7

Differentiation

  Poorly differentiated carcinoma 6

  Well-differentiated carcinoma 74

Chronic thyroiditis

  positive 15

  negative 65

tumor size (mm) a 19.1 ± 13.2

serum thyroglobulin (ng/ml) a 154 ± 433

18F- fluorodeoxyglucose uptake a 15.0 ± 13.9
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some recent reports indicating a decline in prevalence 
[27]. A large cohort study published in 2014 reported a 
prevalence rate of 6.8% [12]. RET rearrangements were 
observed in eight of the 80 patients (10%) in the pre-
sent study, which is consistent with the findings of pre-
vious reports. In our study, a significant difference in 
the clinical characteristics was observed with respect to 
younger age, an increased number of multifocal lesions 
distant metastasis and decreased 18F-FDG uptake. Sig-
nificant differences in age, multifocal lesions, and dis-
tant metastasis were consistent with previous reports 
[14, 28, 29]. On the other hand, no correlations with, 

lymph node metastasis, or extrathyroidal extension 
were observed, as reported in previous studies. This 
may be attributed to the small number of cases. More-
over, the iodine uptake rate could not be evaluated 
comprehensively owing to insufficient data. No previ-
ous study has investigated the association between 
18F-FDG uptake and RET rearrangements. A study on 
the diagnostic efficacy of 18F-FDG-positron emission 
tomography (PET)/computed tomography (CT) for 
recurrent medullary carcinoma reported a sensitivity 
and specificity of 17–95% and 68–100%, respectively, 
which limited the utility of 18F-FDG-PET/CT [30, 31]. 

Fig. 1  RET rearrangements visualized via fluorescence in situ hybridization (FISH). A and B present FISH-positive samples. RET rearrangements 
exhibit one orange/green fusion signal (indicated by a red circle), one orange signal, and one separate green signal (indicated by a yellow circle) 
per nucleus. C and D present FISH-negative samples. Non-rearrangements exhibit two orange/green-fused signals per nucleus. Fifty nuclei were 
counted. Nuclei with RET fusion genes in ≥ 15% were defined as RET rearrangement-positive

Fig. 2  Evaluation of RET/PTC1 in the RT-PCR products performed using gel electrophoresis. M, DNA size marker; PC, positive control; NC, negative 
control; P, RET/PTC1 positive sample; N, RET/PTC1 negative sample; RT-PCR, reverse transcription polymerase chain reaction
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As discussed below, the mechanism of 18F-FDG accu-
mulation is complex and further research is needed to 
elucidate it.

T1799A transversion mutation in exon 15, which 
results in the substitution of valine at position 600 with 

glutamic acid (BRAFV600E), is the most commonly 
observed BRAF mutation in thyroid carcinoma. This 
substitution activates BRAF, which subsequently acti-
vates the MAPK pathway [32, 33]. BRAF mutations have 
been detected in 29–83% of cases of PTC [34–36]. BRAF 

Table 3  Correlation of RET rearrangements/BRAF mutation with patient and cancer characteristics

Patient backgrounds and clinical characteristics were compared subsequently. Continuous variables were evaluated using Welch’s t-test. Nominal variables were 
evaluated using the chi-squared test or Fisher’s exact test. Statistical significance was set at P ≤ 0.05

All statistical analyses were performed using IBM SPSS statistics software version 27.0.1(IBM, Chicago, IL, United States)
* Statistically significant

RET rearrangement BRAF mutation

Positive
(N = 8)

Negative
(N = 72)

p-value Positive
(N = 63)

Negative
(N = 17)

p-value

Age (mean ± SD) 40.3 ± 18.5 60.0 ± 15.7 0.024* 58.5 ± 15.8 51.8 ± 20.0 0.215

Sex (cases) 0.206 0.220

  male 4 18 15 7

  female 4 54 48 10

T classification 1.000 1.000

  1–2 6 53 46 13

  3–4 2 19 17 4

N classification 0.057 0.481

  0 1 38 32 7

  1 7 34 31 10

M classification 0.025* 0.113

  0 6 71 62 15

  1 2 1 1 2

Ex 1.000 0.749

  0 6 55 47 14

  1–2 2 16 15 3

Stage 0.350 1.000

  1–2 7 69 60 3

  3–4 1 7 3 1

Unifocal/multifocal lesion 0.048* 0.020*

  unifocal 3 53 48 8

  multifocal 5 19 15 9

Lymphatic invasion 0.392 0.176

  positive 5 27 23 9

  negative 1 18 17 2

Venous invasion 1.000 1.000

  positive 6 46 41 11

  negative 0 7 6 1

Differentiation 0.480 1.000

  Poorly differentiated carcinoma 1 5 5 1

  Well-differentiated carcinoma 7 67 58 16

Chronic thyroiditis 0.341 0.727

  positive 0 15 11 4

  negative 8 57 52 13

Tumor size (mm) 21.1 ± 7.50 18.7 ± 13.6 0.450 18.4 ± 13.0 21.0 ± 13.3 0.480

Serum thyroglobulin (ng/ml) 112 ± 99.1 164 ± 476 0.444 119 ± 184 297 ± 903 0.430

18F- fluorodeoxyglucose uptake 4.28 ± 1.76 15.8 ± 14.6  < 0.001* 17.0 ± 15.0 6.33 ± 6.80 0.004*
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mutation is associated with extrathyroidal extension, 
advanced TNM stage, lymph node metastasis, multifo-
cality, and recurrence [37–40]. The prevalence of BRAF 
mutations was 78.6% in the present study, which is con-
sistent with the findings of previous studies [41, 42]. 
BRAF mutations are associated with an increase in the 
number of unifocal lesions and elevated 18F-FDG uptake. 
The findings pertaining to the unifocal lesions contra-
dicted those of previous reports.　Many previous studies 
focused on cases where total thyroidectomy was per-
formed. In this study, partial thyroidectomy accounted 
for 70% of the cases, which may have influenced the 
results [43, 44].

There are studies suggesting that BRAF mutations 
influence the increase in 18F-FDG uptake. Gener-
ally, FDG uptake is correlated with the expression of 
GLUT1, and the MAPK pathway promotes the expres-
sion of GLUT1. Therefore, it has been considered that 
FDG uptake increases in BRAF mutation-positive PTC. 
However, there are also reports suggesting that GLUT1 

expression does not correlate with FDG accumulation, 
and other reports indicate an association with GLUT3, 
GLUT4, HIF1α, and YAP signaling. Additionally, BRAF 
mutations have been suggested to be associated with 
increased expression of HIF1α. Thus, the mechanisms 
of FDG accumulation in tumor tissues are not yet fully 
understood, and further research is needed [45–49].

The role of genetic testing in thyroid carcinoma is con-
sidered complementary. Next-generation sequencing 
methods can be used to detect gene mutations; however, 
the prognosis for many patients with PTC is favorable. 
A consensus regarding when and in which cases genetic 
testing should be conducted remains to be established. 
The 2015 ATA Guidelines recommend confirming the 
presence of genetic mutations (BRAF, RET/PTC, RAS, 
PAX8/PPARγ) in cases that are difficult to differentiate or 
assess via cytological examinations [50]. The 2023 NCCN 
guidelines recommend conducting genetic testing for 
patients with anaplastic thyroid carcinoma when consid-
ering treatment. A combination therapy of a BRAF inhib-
itor (dabrafenib) and MEK inhibitor (trametinib) or RET 
inhibitors (selpercatinib or pralsetinib) is recommended 
based on the mutation detected [51]. Studies are also 
underway to expand the indications of these molecular-
targeted drugs for the treatment of PTC [52, 53].

The present study investigated the prevalence of BRAF 
mutations and RET rearrangements in PTC, as well as 
the clinical characteristics contributing to the treatment 
algorithm. There was an increase in distant metastasis 
cases in the RET rearrangement group, but this did not 
affect stage. No significant associations were observed 
between the presence of genetic mutations and other 
factors such as TN stage elevation or thyroid gland inva-
sion that could be incorporated into risk classification 
or treatment algorithms for thyroid carcinoma. Fur-
thermore, specific features that warranted genetic test-
ing could not be identified. Genetic mutations may not 
be directly associated with malignancy; however, the 
combined prevalence of BRAF mutations and RET rear-
rangements was high (87.5%), indicating that cases with 
genetic mutations targeted by molecular-targeted drugs 
exist widely, regardless of the clinical stage. Thus, genetic 
testing should be performed whenever possible, par-
ticularly when treating patients with recurrent metasta-
ses. The importance of genetic mutations is expected to 
increase and their application in treatment will further 
advance as genetic testing becomes more widespread.

Conclusion
This study revealed the presence of RET rearrange-
ments and BRAF mutations in 80 patients with PTC and 
compared their clinical features based on the genetic 
status in 87.5% of cases. In this study, an increase in M 

Fig. 3  Detection of BRAFV600E via Sanger Sequencing. BRAF 
mutation-positive cases contain the T1799A mutation (BRAFV600E) 
in exon 15, while BRAF mutation-negative cases do not contain a T 
to A mutation. A Positive control. B BRAFV600E mutation in PTC. C 
wild type of BRAFV600E in PTC
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classification was found in the RET rearrangements 
group. However, distant metastases accounted for 3.8% of 
all cases, and the presence or absence of genetic muta-
tions was not associated with the clinical stage, and no 
items that could be incorporated into the treatment algo-
rithm were identified.
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