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Background: To investigate the significance of multi-gene assay in papillary thyroid carcinoma (PTC)
patients in clinical practice.

Methods: From April to December 2019, medical records of 68 patients with PTC after the initial
surgery were retrospectively collected and analyzed in terms of the relations between gene mutations and
clinicopathological characteristics.

Results: RET/PTC rearrangement was not detected in BRAF V600E mutation patients (P<0.001).
Besides, compared with wild-type patients, BRAF V600E mutation was associated with significantly older
age (P=0.001) and a higher rate of extrathyroid invasion (P=0.023). Significantly higher BRAF V600E
mutation rates were found in clinical lymph node-negative (P=0.041) and non-metastatic lateral lymph
nodes (P=0.027) patients as RET/PTC rearrangement was associated with younger age (P=0.001) and the
increasing metastatic number of lymph nodes (P=0.020). Compared to other gene mutations, the multivariate
analysis showed that larger tumor size [odds ratio (OR), 8.831; 95% CI: 1.971-35.578; P=0.004], the BRAF
V600E mutation alone(OR, 10.567; 95% CI: 1.748-63.873; P=0.010) or in combination with one additional
gene mutation (OR, 8.654; 95% CI: 1.453-68.603; P=0.041), and Hashimoto’s thyroiditis (OR, 0.112; 95%
CI: 0.025-0.499; P=0.004) were all independent predictors for the prevalence of ETE.

Conclusions: BRAF V600E mutation was associated with older age and the aggressiveness of PTC but
was independent of lymph node metastasis (LNM). RET/PTC rearrangement suggested more LNM in
young patients with PTC. BRAF V600E mutation combined with other gene mutations, namely, multi-gene

mutations, could indicate a higher aggressiveness in PTC.
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Introduction a previous study (2-4). For patients with high-risk PTC,
Papillary thyroid carcinoma (PTC), with a 10-year survival the poor prognosis may be related to clinical factors such
rate over 95%, is the most common type of thyroid cancer (1). as gender, extrathyroid invasion, lymph node metastasis
Nevertheless, its recurrence rate is 9-30%, according to (LNM), and distant metastasis (5).
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Currently, with the advancements in molecular biology,
gene mutations have become a hot topic in thyroid
carcinoma research. Increasingly many molecular markers
of PTC are being used in the diagnosis and prognostic
assessment. BRAF, which is the most common gene, is
considered to have a highly positive predictive value for
thyroid malignant tumors, with a specificity of nearly
100% (6,7). Additionally, the coexistence of BRAF and
TERT promoter mutations was reported to be related
to higher aggressiveness of PTC by two studies (8,9).
Hence, the identification of invasive PTC patients at the
genomics level is of substantial significance; however,
most current studies focus on the detection of a single
gene or a couple of several biomarkers rather than multi-
gene assay.

Therefore, we conducted a retrospective study to
assess the association between gene mutations and clinical
characteristics by using 57 gene chips of tumor pathogenesis
pathways to detect the samples from the patients with PTC.
We present the following article in accordance with the
MDAR and STROBE reporting checklists (available at
http://dx.doi.org/10.21037/gs-20-589).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the ethics committee of The First Affiliated
Hospital of Chongqing Medical University (No. 2020-220)
and informed consent was taken from all the patients.
From April to December 2019, medical records from
PTC patients, treated at the First Affiliated Hospital
of Chongqing Medical University were retrospectively
collected. Preoperatively, physical examination,
ultrasonography, fibrolaryngoscopy, and thyroid function
examination were conducted.

Patients who were diagnosed with PTC pathologically
after initial operations were included in the study.
Consequently, the pathological results included
extrathyroidal extension (ETE) information, and the
number of metastatic lymph nodes (LNMN) was extracted.
The exclusion criteria were as follows: (I) history of head
or neck irradiation; (IT) family history of thyroid tumor;
(III) patients without a non-PTC histology result; (IV)
reoperation; (V) the disagreement of gene testing; and (VII)
incomplete clinical data. Then, informed patient consent
was obtained from the included patients before molecular
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tests were performed.

The core part of PTC specimens was stored in a
frozen tube, which was handled by a company, namely,
USCI (Beijing Youxun Medical Laboratory Co., Ltd.). An
Illumina NextSeq 500 high-throughput sequencer was used
for sequencing. The remaining tissue was fixed to 10%
formaldehyde and sent to the pathological diagnosis center
for diagnosis by two pathologists.

"The TINM stages were identified according to the 8th edition
of the American Joint Committee on Cancer (AJCC) (10).
The risk stratification of recurrence was divided according
to the 2015 American Thyroid Association (ATA)
guidelines (1).

Next-generation sequencing

Genomic DNA was isolated from fresh tumor tissues or
FFPE using a QIAamp DNA FFPE Tissue Kit (Qiagen)
according to the manufacturer’s instructions. The
concentration of the DNA was determined using a Qubit
fluorometer 3.0 (Life Technologies). A custom-designed
2.2 Mb panel, which covered exons and partial introns of
cancer driver genes, hereditary cancer-related genes, and
therapy-related genes, was used in this study. Then, 50-
100 ng of sheared genomic DNA was subjected to library
construction with an MGIEasy universal DNA library
kit (MGI, China), which was followed by hybrid capture
using an xGen Hybridization and Wash Kit (IDT, USA).
Libraries’ quality and concentration were determined
using a LabChip® GX Touch™ nucleic acid analyzer
(PerkinElmer, USA) and a Qubit fluorometer 3.0 (Life
Technologies, USA), respectively. Tumor-matched normal
samples were also sequenced as controls. The qualified
libraries were sequenced with 2x100 bp paired-end reads on

an MGISEQ-2000 (MGI, China) platform.

Bioinformatic analysis

The paired-end reads were mapped to the hg19/GRCh37
reference using BWA (v 0.7.12)-MEM. SNVs and InDels
were called by VarScan (v 2.4.3) by verified settings.
CNVkit was used to identify copy number variants. SN'Vs
and InDels from tissue and plasma were filtered by depths
>1,000x and 400x, respectively. Gene amplification in
tissue and plasma were defined as depths >900x and 1,000x
respectively, and CN values called by CNVkit were higher
than 4.

Gland Surg 2021;10(1):242-251 | http://dx.doi.org/10.21037/gs-20-589



244

Statistical analysis

SPSS 25.0 statistical software was used for all analyses.
Continuous data were expressed as the mean = SD and
analyzed via the independent 7-test. Categorical data were
expressed as a percentage (%) and analyzed via Pearson’s
¥’ test or Fisher’s exact test. Univariate and multivariate
analyses were conducted in our study. A two-tailed P value
of <0.05 was regarded as statistically significant.

Results
Demographic features of PTC patients

A total of 68 patients were included in our study, with
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a mean age (years) of 38.9x11.3, and 51 (75%) patients
were female. Besides, 33 (48.5%) patients were clinically
lymph node-negative (cNO), of which 24 (72.7%) cases had
confirmed LNM. The total LNM rate was 82.4% (56/68)
and 38 (55.9%) patients had more than 5 LNMs. Moreover,
53 (77.9%) patients had central lymph node metastasis
(CLNM), and 39 (57.4%) patients had lateral lymph node
metastasis (LLNM). Additional information on the patients
is presented in 7uble 1.

Results

Sixty-eight PTC samples were collected for multi-gene
assay. The most common mutation type was BRAEF, which

Table 1 The association of BRAF V600E, RET mutations and clinicopathologic characteristics in papillary thyroid carcinoma (case, %)

BRAF V600E RET
ltems
Mutation (n=55)  wild-type (n=13) P value Mutation (n=7)  Wild-type (n=61) P value
Sex 0.670
Male 16 (29.1%) 1(7.7%) 0.160 1 (14.3%) 16 (26.2%)
Female 39 (70.9%) 12 (92.3%) 6 (85.7%) 45 (73.8%)
Age at diagnosis, years
Mean + SD 40.9+10.2 30.2+11.9 0.001 25.6+12.4 40.4+£10.2 0.001
<55 50 (90.9%) 13 (100.0%) 0.575 7 (100.0%) 56 (91.8%) 1.000
>55 5(9.1%) 0 (0.0%) 0(0.0%) 5(8.2%)
Tumor size in mm
Mean + SD 15.1+7.6 19.8+11.5 0.186 17.7+12.0 15.8+8.2 0.585
<10 18 (32.7%) 3(23.1%) 0.740 3 (42.9%) 18 (29.5%) 0.668
>10 37 (67.3%) 10 (77.9%) 4 (57.1%) 43 (70.5%)
cNO 0.107
Yes 30 (54.5%) 3 (23.1%) 0.041 1(14.3%) 32 (52.5%)
No 25 (45.5%) 10 (76.9%) 6 (85.7%) 29 (47.5%)
Location 0.409
Upper 20 (36.4%) 3(23.1%) 0.519 1(14.3%) 22 (36.1%)
Middle/lower 35 (63.6%) 10 (76.9%) 6 (85.7%) 39 (63.9%)
HT 0.390
Yes 14 (25.5%) 5 (38.5%) 0.492 3 (42.9%) 16 (26.2%)
No 41 (74.5%) 8 (61.5%) 4 (57.1%) 45 (73.8%)

Table 1 (continued)
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Table 1 (continued)

BRAF V600E RET
ltems
Mutation (n=55)  wild-type (n=13) P value Mutation (n=7)  Wild-type (n=61) P value
ETE 0.415
Yes 38 (69.1%) 4 (30.8%) 0.023 3 (42.9%) 39 (63.9%)
No 17 (30.9%) 9 (69.2%) 4 (57.1%) 22 (36.1%)
Multifocality 1.000
Yes 9 (16.4%) 2 (15.4%) 1.000 1(14.3%) 10 (16.4%)
No 46 (83.6%) 11 (84.6%) 6 (85.7%) 51 (83.6%)
LNMN
Mean + SD 6.7+6.7 10.2+£7.0 0.090 13.0+5.8 6.7+6.7 0.020
<5 27 (49.1%) 3(23.1%) 0.089 0 (0.0%) 30 (49.2%) 0.015
>5 28 (50.1%) 10 (76.9%) 7 (100.0%) 31 (50.8%)
CLNM 1.000
Yes 42 (76.4%) 11 (84.6%) 0.717 6 (85.7%) 47 (77.0%)
No 13 (23.6%) 2 (15.4%) 1(14.3%) 14 (23.0%)
LLNM 0.225
Yes 28 (50.9%) 11 (84.6%) 0.027 6 (85.7%) 33 (54.1%)
No 27 (49.1%) 2 (15.4%) 1(14.3%) 28 (45.9%)
Stage 1.000
I/1 53 (96.4%) 13 (100.0%) 1.000 7 (100.0%) 59 (96.7%)
/v 2 (3.6%) 0 (0.0%) 0 (0.0%) 2 (3.3%)
Risk-group stratification 0.582
Low 7 (12.7%) 3(23.1%) 0.389 0(0.0%) 10 (16.4%)
Moderate/high 48 (87.3%) 10 (76.9%) 7 (100.0%) 51 (83.6%)

¢cNO, clinical lymph node-negative; HT, Hashimoto’s thyroiditis; ETE, extrathyroidal extension; LNMN, the Metastatic number of lymph
nodes; CLNM, central lymph node metastasis; LLNM, lateral lymph node metastasis.

accounted for 80.9%, and all the BRAF mutations were Relationship between BRAF V60OE and other gene

of type BRAF V600E, while 7 patients (10.3%) harbored mutations

RET/PTC rearrangements and 3 cases were free from any

mutations (see Figure I). Notably, among these 55 cases of There were 55 (80.9%) cases of BRAF mutations in
BRAF V600E mutation, 20 were in combination with other all genetic events, and 7 (10.3%) cases of RET/PTC
gene mutations, of which 14 patients had two gene mutations rearrangements. No RET/PTC rearrangement events were
and 6 patients had three gene mutations (see Figure I). identified in patients with BRAF mutations (P<0.001, Zable 2).
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patientnum. 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 2728 29 30 __ 66 67 68
BRAF
CHEK2
MED12
ATM
TERT
PIK3CA
GNAS
SPOP
TSHR
PIEN
AXIN1
TP53
RAC1
MEN1
CDKN2C
NTRK1
RB1
PPARG
RET

Figure 1 Distribution of gene mutations in papillary thyroid carcinoma. The omitted part represents that 35 patients with BRAF V600E
mutation alone are not shown in the figure. The red part expresses that patient with the corresponded gene mutation. The blank part means
no mutation. num., number; BRAF, B-Raf proto-oncogene, serine/threonine kinase; CHEK2, checkpoint kinase 2; MED12, mediator
complex subunit 12; ATM, ATM serine/threonine kinase; TERT, telomerase reverse transcriptase; PIK3CA, phosphatidylinositol-4,5-
bisphosphate 3-kinase, catalytic subunit alpha; GNAS, guanine nucleotide-binding protein, a-stimulating complex locus; SPOP, speckle-
type POZ protein; TSHR, thyroid stimulating hormone receptor; PTEN, phosphatase and tensin homolog; AXIN1, axin 1; TP53, tumor
protein p53; RACI, ras-related C3 botulinum toxin substrate 1; MEN1, multiple endocrine neoplasia 1; CDKN2C, cyclin-dependent kinase
inhibitor 2C; NTPKI, neurotrophic tyrosine kinase, receptor, type 1; RB1, retinoblastoma 1; PPARG, peroxisome proliferator-activated

receptor gamma; RET, rearranged during transfection.

Table 2 The association of BRAF V600E mutation and other gene mutations (case, %)

Gene BRAF V600F P value
Mutation (n=55) Wild-type (n=13)

RET <0.001
Mutation 0 (0.0%) 7 (53.8%)
Wild-type 55 (100.0%) 6 (46.2%)

CHEK2 0.575
Mutation 5(9.1%) 0 (0.0%)
Wild-type 50 (90.9%) 13 (100.0%)

ATM 1.000
Mutation 3 (5.5%) 0 (0.0%)
Wild-type 52 (94.5%) 13 (100.0%)

TSHR 0.477
Mutation 2 (3.6%) 1(7.7%)
Wild-type 53 (96.4%) 12 (92.3%)

GNAS 1.000
Mutation 3 (5.5%) 0 (0.0%)
Wild-type 52 (94.5%) 13 (100.0%)

BRAF, B-Raf proto-oncogene, serine/threonine kinase; RET, rearranged during transfection; CHEK2, checkpoint kinase 2; ATM, ATM
serine/threonine kinase; TSHR, thyroid-stimulating hormone receptor; GNAS, guanine nucleotide-binding protein, a-stimulating complex locus.
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Table 3 The association between ETE and clinicopathological characteristics or gene mutations in PTC
Univariate analysis Multivariate analysis
Characteristics
OR (95% CI) for ETE P value OR (95% CI) for ETE P value
Sex (female vs. male) 0.595 (0.182-1.943) 0.390 NA NA
Age (=55 vs. <55 years) 0.380 (0.040-3.601) 0.399 NA NA
Tumor size (>1 vs. <1 cm) 5.833 (1.904-17.808) 0.002 8.831 (1.971-35.578) 0.004
HT (yes vs. no) 0.116 (0.035-0.389) <0.001 0.112 (0.025-0.499) 0.004
Multifocality (yes vs. no) 1.429 (0.388-5.258) 0.592 NA NA
LNMN (=5 vs. <5) 0.888 (0.331-2.382) 0.813 NA NA
RET mutation (yes vs. no) 0.423 (0.870-2.065) 0.288 NA NA
BRAF mutations only* 4.313 (1.097-16.955) 0.036 10.567 (1.748-63.873) 0.010
Two gene mutations* 8.250 (1.453-46.859) 0.017 8.654 (1.453-68.603) 0.041
Three gene mutations* 4.500 (0.570-35.519) 0.154 10.925 (0.740-161.185) 0.082

*Comparisons were performed between BRAF mutation groups (BRAF mutations only, BRAF + one gene mutations and BRAF + two gene
mutations) and non-BRAF mutation group. ETE, extrathyroidal extension; PTC, papillary thyroid carcinoma; OR, odds ratio; Cl, confidence
interval; HT, Hashimoto’s thyroiditis; LNMN, the Metastatic number of lymph nodes.

Association between the BRAF V600E mutation or RET/
PTC rearrangement and clinicopathological characteristics

Compared with wild-type BRAF, the BRAF V600E
mutation was associated with older age (P=0.001, Table I)
and extrathyroid invasion (P=0.023). Interestingly, the
cNO group (P=0.041) and lateral lymph node-negative
group (P=0.027) both had higher BRAF V600E mutation
rates. The patients in the RET/PTC rearrangement group
were of younger age (P=0.001) and showed more LNMs
(P=0.020). More importantly, RET/PTC rearrangement
was deemed to be related to higher rates of LNMN
exceeding 5 (P=0.015). No significant difference in other
clinical factors was identified.

Association between ETE and clinicopathological
characteristics or gene mutations in PTC

The univariate analysis showed that the presence of ETE
was associated with larger tumor size (P=0.002, Table 3),
Hashimoto’s thyroiditis (HT) (P<0.001), the BRAF
V600E mutation alone (P=0.036), and two gene mutations
(P=0.017), while multivariate analyses showed that larger
tumor size [odds ratio (OR), 8.831; 95% CI: 1.971-35.578;
P=0.004], the BRAF V600E mutation alone (OR, 10.567;
95% CI: 1.748-63.873; P=0.010) and two gene mutations
(OR, 8.654; 95% CI: 1.453-68.603; P=0.041) were all
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independent predictors for a high prevalence of ETE.
Compared to other gene mutations group, the three gene
mutations group, combined with BRAF V600E mutation,
tended to have a higher risk of ETE, although it was not
statistically significant (P=0.082). However, HT (OR, 0.112;
95% CI: 0.025-0.499; P=0.004) may be a protective factor
against ETE.

Discussion

BRAF encodes a serine-threonine-specific kinase on
chromosome 7q34. BRAF V600E is the most frequent
mutation site in differentiated thyroid cancer, which
accounts for approximately 90% of mutations (11), and the
BRAF protein plays a role in regulating the activity of the
mitogen-activated protein kinase (MAPK) to promote PTC
cell proliferation and differentiation (12,13). Studies have
reported that preoperative fine-needle aspiration cytology
(FNAC) in combination with BRAF and other gene tests
can reduce unnecessary surgery for patients who have been
diagnosed with “uncertain” thyroid nodules and can provide
a foundation for assessing the prognosis of PTC (6,14).

In our study, the BRAF mutation frequency was 80.9%,
higher than generally reported 45-80.8% (11,15-18), and
all the mutation sites were located at the 600th base, which
could be explained by the similarity of the included patients
in terms of region and ethnicity. There is no doubt that the
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BRAF mutation can be used as a diagnostic biomarker, but
its use for prognosis assessment is controversial. Studies
have identified relationships between BRAF mutations and
LNM, extracapsular invasion, vascular invasion, advanced
age, tumor size, aggressive subtype, recurrence, and
death, among other factors (18-20). However, a Japanese
study yielded the opposite result (21). This study also
demonstrated that patients with BRAF mutations were
more likely to be older and to exhibit ETE. Nevertheless, in
terms of LNM, there was no correlation between LNMN
or CLNM and BRAF mutation. Surprisingly, in our study,
in contrast to ETE, less LLNM was observed in patients
with BRAF mutations. These contradictory results might
cast doubt on the prognostic assessment value of BRAF
mutations. No relationship or negative correlation between
LNM and ETE is identified, which needs future studies to
prove. In summary, we inferred that BRAF mutation alone
would not be an excellent biomarker for prognosis.
Moreover, the current study found that ¢NO patients had
a higher BRAF mutation rate, which was likely because the
current ¢cNO standard is not sufficiently accurate. The ¢cNO
patients, who account for 48.5% of the patients, were shown
to have an LNM rate of 72.7%, which exceeds the rate that
was reported in our previous study (22). Therefore, for PTC
patients with occult LNM, preoperative routine evaluation
is not sufficient. Our institution can guide intraoperative
frozen biopsy of central lymph node dissection for clinical
decisions (23), but it requires time and money. From there,
a further prospective study of multi-gene sequencing to
identify cases with a high risk of recurrence and invasion in
well-differentiated thyroid cancer is urgently needed.
Furthermore, the RET gene is a proto-oncogene on
chromosome 10q11.2, and it acts as a tyrosine protease
receptor. Besides, the mechanism that occurs in PTC is gene
fusion, which is known as RET/PTC rearrangement (24).
RET/PTC1 and RET/PTC3 are the most common
types, in which RET is fused with CCDC6 and NCOA4,
respectively. The frequency of RET mutations is second
only to that of BRAF mutations in PTC (25), and Sapio
et al. also identified RET/PTC rearrangement in benign
lesions, which is related to the high growth rate (26).
Hence, RET/PTC rearrangement cannot be used as a
unique molecular marker of PTC for diagnosis. We found
that the RET/PTC rearrangement rate was 10.3%, but
none of these rearrangements had a BRAF mutation, which
was consistent with the results of Soares et 4/. studies (27).
To the best of our knowledge, PTC frequently has genetic
alterations that lead to the activation of the MAPK signaling

© Gland Surgery. All rights reserved.
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pathway, which includes RET/PTC rearrangement and
point mutations of the BRAF and RAS genes. Consequently,
these two gene mutations may be exclusive or alternative
mutations in the etiopathogenesis of PTC.

In the progression of PTC, young age or a history
of radiation exposure may be related to RET/PTC
rearrangement (24,28). Similar results are obtained in this
study; hence, RET/PTC rearrangement may correspond
to a higher risk of recurrence or poor prognosis in PTC,
especially in young patients. None of our patients had
been exposed to radiation, from which we inferred that
radiation exposure may not contribute to the increased
incidence of PTC. Additionally, we did not identify a
correlation between RET/PTC rearrangement and tumor
aggressiveness, e.g., manifested as ETE or increased LNM,
which differs from the results of by Romei et al. (29).
Considering the heterogeneity between the studies, it is
speculated that a single gene mutation may not affect the
prognosis of PTC patients.

Ito ez al. found that age was an independent risk factor
for lymph node recurrence (2). However, the current PTC
risk stratification of recurrence, based on clinicopathological
factors, is often insufficient to accurately identify the high-
risk PTC patients. We found that BRAF mutation was more
common in older people, but RET/PTC rearrangement
was more common in young patients. Gene mutations
of different ages may play an important role in PTC.
Therefore, we suggest that the future risk stratification
systems incorporate molecular markers in association with
age, as has been newly reported (30).

BRAF and TERT promoter mutations were the most
common mutations in the current study. Several previous
studies have shown that the combination of BRAF and
TERT promoter mutations suggested a high aggressiveness
and a high risk of recurrence of PTC (8,9,20,31), while
our previous studies found that both of them were related
to PTC invasiveness, except LNM (32). It is reasonable
to suspect that the simultaneous presence of two gene
mutations is a useful predictor of LNM.

Due to the low prevalence of the TERT promoter and
other gene mutations in our study, no relevant statistical
analysis was conducted. We analyzed the associations of
ETE, which was associated with tumor recurrence and
patient mortality (5), with clinicopathological characteristics
and gene mutations. ETE plays an important role in the
current PTC risk stratification of recurrence, which was
defined as the invasion of a tumor beyond the thyroid
capsule into adjacent tissues. Previous studies showed that
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the BRAF V600E mutation was related to ETE and LNM
(18-20). However, no studies that identified the number
of biomarkers with ETE in PTC have been reported.
Compared to other gene events, we found that the more
gene mutations that are based on BRAF V600E mutation
are identified, the higher the prevalence of ETE. The
three gene mutation groups corresponded to an ~11-fold
higher risk of ETE, although no statistical significance was
found, which could be due to the small sample size effect.
In summary, our study demonstrated that BRAF V600E
in combination with other gene mutations could predict a
poor prognosis, which may guide our future exploration.

Furthermore, Hashimoto’s thyroiditis, which is also known
as chronic lymphocytic thyroiditis, was regarded as a risk
factor for the development of PTC. However, we found
that HT could be a protective predictor against ETE, which
was consistent with the mainstream reported view (33,34).
Moreover, no relation was identified between LNMN >5 and
ETE, and both of these factors were considered in the criteria
for the risk stratification of recurrence. Though the effect of
HT on the prognosis of PTC remains controversial and the
mechanism of HT in the development of ETE has yet to be
elucidated, we supposed that the presence of ETE with HT
does not influence the biological behavior (e.g., LNM) of
PTC, which was also reported by other studies (35,36).

Due to the limited sample size, we failed to identify
biomarker panels for PTC, such as the 21 genetic
markers that are used to evaluate the risk of recurrence
of breast cancer (37), for the identification of aggressive
PTC phenotypes for more aggressive treatment options,
and it was difficult to draw a waterfall plot in this study.
Nevertheless, we remain dedicated to the identification of
improved biomarker panels, which will be a future direction
for our further study.

Conclusions

PTC had a high BRAF mutation rate, and BRAF mutations
were related to tumor aggressiveness but not to LNM.
RET/PTC rearrangement may be a biomarker for LNM
in young PTC patients, although it is relatively rare.
Furthermore, the multi-gene mutation that is based on the
BRAF V600E mutation could predict the poor prognosis in
PTC patients.
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