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Abstract
Background: To evaluate the diagnostic value of BRAF V600E gene testing combined with serum Thyroid Stimulating Hormone (TSH), 
Thyroid Peroxidase Antibody (TPOAb) and Thyroglobulin Antibody (TGAb) testing for malignancy in Thyroid Imaging Reporting and Data 
System (TI-RADS) 4 nodules.

Methods: This was a retrospective study of patients who were diagnosed with TI-RADS 4 nodules via ultrasound examination during an 
outpatient or inpatient visit who underwent BRAF V600E gene testing and who had histopathological results from June 2020 to June 2022 
at Taizhou Cancer Hospital. We compared the baseline characteristics, namely, age, sex, presence of lymph node metastasis, tumour size, 
cytological results and BRAF V600E gene testing results, of the two patient groups according to their postoperative pathological results. 
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nonsurgical patients.

The cytological pathological results were categorized as next 

1) Nondiagnostic; 2) initiation; 3) atypia of dubious meaning; 4) 
turgid cancer; 5) dubious for cancer and 6) bad.

Patients with TI-RADS 4 tumours endured the BRAF V600E gene 
experiment and the rescopents served were obtained from Xiamen Ed 
Bio-Pharmaceutical Technology Co., Ltd. A human BRAF V600E gene 
aberrance inspection kit (�uorescent PCR method) was used for BRAF 
V600E somatic gene aberrance inspection (i.e., 1799T>A). Each patient 
was placed in an upturned position with the collar gently extended 
and sterile tissue was placed over the collar. �e skin was disinfected 
with 0.5% iodine solution and local anaesthesia was administered. 
�e physician used a 22-gauge needle to puncture the nodule under 
superaudible guidance, aspirating multiple points and evenly smearing 
the aspirate on 3-4 microscope slides, which were quickly �xed in 95% 
ethanol for the preparation of pathological sections. Another needle was 
inserted into the BRAF V600E gene experiment preservation solution.

Patients underwent thyroid function experiments. Before surgery, 
3 ml of fasting blood was collected from each patient and the TSH, 
TGAb and TPOAb concentrations were measured using a Roche 
fully automated chemiluminescence analyser. �e following criteria 
were used for energetic thyroid function indicators: TSH>5 µIU/ml, 
TPOAb>34 IU/ml and TGAb>115 IU/ml.

Total methods

�e Kolmogorov-Smirnov (KS) experiment was used to simulate 
natural conditions. Classi�ed shi�s are used as a scale and persistent 
shi�s are expressed as the mean ± standard deviation for ordinarily 

parted shi�ies. �e chi-square test was used to compare the di�erences 
between teams for classi�ed shi�ies. For diagnostic experiments, 
perception and excellence were computed, Receiver Operating 
Characteristic (ROC) curves were plotted and the Area Under �e 
Curve (AUC) was computed. A two-tailed p<0.05 was considered to 
indicate total signi�cance. IBM SPSS 25 total so�ware was used to 
summarize the results.

Results

Clinicopathological characteristics

A total of 112 patients with TI-RADS 4 tumours including 21 males 
with a middling scope of 42.56 ± 13.33 years and 91 females with a 
middling scope of 41.83 ± 9.65 years, were included in the explanation 
(Figure 1). Among the 112 patients with TI-RADS 4 tumours, 89 had 
poor tumours, including 15 males (16.9%) and 84 females (83.1%). �e 
proportion of patients aged ≥ 50 years with poor TI-RADS 4 tumours 
was 89.9% (71/79), while that of patients aged <50 years with poor 
tumours was 54.5% (18/33); this di�erence was signi�cant (p=0.000). In 
the nodule size group, 86.8% (33/38) of the patients had poor TI-RADS 
4 tumours >1 cm, while 75.7% (56/74) had TI-RADS 4 tumours ≤ 1 
cm (p=0.003). Among the cytological types, there were 2 undiagnosed 
cases due to insu�cient quantity, but the postoperative pathology of 
these 2 cases was initiated. �ere were 7 cases that were indeterminate, 
in which 2 tumours were initiated and 5 were bad on postoperative 
pathology. Among the poor tumours 80.9% were PTCs and 19.1% were 
other malignancies. �e BRAF V600E gene experiment revealed that 
all 23 patients whose initiation tumours were negative for BRAF V600E 
gene aberrance while 73% of the 89 patients whose tumours were bad 
were energetic this di�erence was signi�cant (p=0.000). Table 1 for 
details on BRAF V600E gene aberrance.

Figure 1:�)ORZFKDUW�RI�FDVH�VHOHFWLRQ��$�WRWDO�RI�����SDWLHQWV�PHW�WKH�LQFOXVLRQ�FULWHULD��Note: 7,�5$'6��7K\URLG�,PDJLQJ�5HSRUWLQJ�DQG�'DWD�6\VWHP��37&��3DSLOODU\�
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Diagnostic experiment results

Although the prevalence of BRAF V600E gene aberrance alone 
for diagnosing malignancy in TI-RADS 4 tumours was 100%, the 
prevalence was low at only 48.94%. However, when the BRAF V600E 
mutation was combined with serum TSH, TGAb and TPOAb the 
detection rate was greater than that of TSH, TGAb and TPOAb alone. 
�e increase in BRAF V600E gene aberrance in combination with 
serum TSH, TGAb and TPOAb was greater than that of each of the 
four indicators alone. �e AUC of the four indicators combined was the 
highest, reaching 0.891 (95% CI, 0.832-0.949) (Figure 2 and Table 3).

Among the 112 patients with TI-RADS 4 tumours, 65 had BRAF 
V600E gene aberrance. Among patients with gene aberrances, 30.8% 
of those with a bad tumour had cervical lymph node metastasis, while 
among those without an aberrance, 12.8% of those with a bad tumour 
had cervical lymph node metastasis; the di�erence was signi�cant 
(p=0.026). Among the 65 patients with BRAF V600E gene aberrance 
all had a bad nodule (100%); however, among the 47 patients without 
an aberrance, 23 had an initiation nodule and 24 had a bad nodule 
(51.1%). Among the 72 PTC patients 61 had a gene aberrance (84.7%) 
(Table 2).

Clinical characteristics
Postoperative pathology

X2 value p-value
Malignant (n=89) Benign (n=23)

Sex

����� 0.213Men ���������� ���������

Women ���������� ����������

Age

������ 0��� ���������� ����������

���� ���������� ���������

Tumour size

���� 0.003����FP ���������� ����������

>1 cm ���������� ���������

Cervical lymph node metastasis

1.912 �����Yes �������� ��������

No ���������� ���������

Number of lesions

1.809 �����Single ���������� ���������

Multiple ���������� ����������

Sand granular calcification

1.34 �����Yes �������� ��������

No ���������� ���������

Cytology results

������� 0

Lower puncture volume �������� ��������

%HQLJQ�OHVLRQV �������� ����������

Indeterminate lesions �������� ��������

Other malignant lesions ���������� ��������

PTC ���������� ��������

Histopathology

����� 0
%HQLJQ �������� �����������

Other malignant lesions ���������� ���������

PTC ���������� ��������

Test indicators

����� 0.318
TSH (+) ���������� ���������

TPOAb (+) ���������� ���������

TGAb (+) ���������� ���������

BRAF V600E gene

40.029 0Positive ���������� ��������

Negative ���������� �����������

Note: 7,�5$'6��7K\URLG�,PDJLQJ�5HSRUWLQJ�DQG�'DWD�6\VWHP��37&��3DSLOODU\�7K\URLG�&DUFLQRPD��76+��7K\URLG�6WLPXODWLQJ�+RUPRQH��732$E��7K\URLG�3HUR[LGDVH�
$QWLERG\��7*$E��7K\URJOREXOLQ�$QWLERG\

Table 1:�%DVHOLQH�FKDUDFWHULVWLFV�RI�WKH�SDWLHQWV�ZLWK�QRGXOHV��1 �����FODVVL¿HG�DV�7,�5$'6���
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Figure 2: Receiver Operating Characteristic (ROC) curve analysis of the diagnostic performance of BRAF V600E gene testing combined with serum TSH, TPOAb and 
TGAb marker testing in distinguishing the nature of TI-RADS 4 nodules. Note:�76+��7K\URLG�6WLPXODWLQJ�+RUPRQH��732$E��7K\URLG�3HUR[LGDVH��7*$E��7K\URJOREXOLQ��
TI-RADS: Thyroid Imaging Reporting and Data System.

Clinical characteristics
BRAF V600E gene

X2 value p-value
Positive (n=65)
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Discussion
Superaudible-introductory �ne needle aspiration cytology is widely 

used as a minimally invasive examination for assessing thyroid lesions 
[6]. However, there is still uncertainty in 20% to 30% of cases with a 
pathological judgement [7]. For example among the 112 patients 
with TI-RADS 4 tumours in this research 2 were nondiagnostic due 
to insu�cient quantity and 7 had indeterminate results. With the 
rapid progress in tumour molecular diagnostic technology it is now 
clear that aberrantly activated signalling pathways play a partial role 
in the occurrence and progression of thyroid tumours among which 
BRAF gene dysregulation is a partial event in the abnormal activation 

through the MAPK/ERK pathway and several studies have shown 
that aberrant BRAF V600E gene expression is related to pathological 
invasion, recurrence and mortality in primary tumours [8-10]. �e 
BRAF V600E gene aberrance experiment may be clinically valuable 
especially for cases where cytology is inconclusive and is important for 

BRAF 
V600E gene aberrances are the most common in PTC and the rate of 
such aberrance is lower in other pathological types of thyroid cancer 
[11]. According to our diagnosis of PTC, 84.7% of the patients had 
BRAF V600E gene aberrance which is in accordance with the �ndings 
of Jing Zhang et al., [12,13]. Recent research has shown that BRAF 
V600E gene aberrance detection contributes to the clinical judgement, 
handling decisions and foreboding assessment of PTC [14]. However, 
there are few reports on the diagnostic value of BRAF V600E gene 
aberrance combined with serum TSH, TGAb and TPOAb for detecting 
the malignancy of TI-RADS 4 tumours. Our research revealed that 
the combined indicators have good clinical value for diagnosing 
malignancy in TI-RADS 4 tumours, with an AUC of 0.891.

�e role of thyroid hormones in the occurrence of thyroid cancer 
is not completely clear but research has shown that TSH can bind to 
human TSH receptors stimulate the activity of adenylate cyclase and 
lead to thyroid cancer [15]. TSH can serve as a guiding serum factor in 
the screening of thyroid tumours and thyroid cancer and an elevated 
TSH level in patients with nodular thyroid disease is closely related 
to the development of di�erentiated thyroid cancer [16]. Fan et al., 
also reported that an increase in serum TSH manifests as an increase 
in thyroid cancer [17]. �is �nding suggests that TSH has diagnostic 
value in the screening of thyroid cancer. TPOAb and TGAb are two 
vital thyroid autoantibodies generally detected in patients with thyroid 
disease and have been con�rmed to be vital thyroid autoantibodies 
for evaluating the development of thyroid tumours [18,19]. In this 
research, the perception and accuracy of TGAb for diagnosing poor 
thyroid tumours were 11.24% and 95.65%, respectively. In addition, 
Parham et al., showed that high levels of TPOAb may also be related to 
thyroid cancer [20]. �erefore, we combined serum TSH, TPOAb and 
TGAb with BRAF V600E gene aberrance inspection to diagnose the 
malignancy of TI-RADS 4 tumours and discovered that the AUC was 

greater than that of each indicator alone.

Although this study revealed that BRAF V600E gene aberrance 
combined with serum TSH, TGAb and TPOAb levels has good clinical 
value for diagnosing the malignancy of TI-RADS 4 tumours, there are 
still some limitations. First this was a single-centre anamnestic study 
with a small sample size, which may infuse the option principle and 
restrict the universality of the results. Moreover, although BRAF V600E 
gene aberrance experiments were combined with serum indicator 
experiments in this research, other potential molecular producers, 
such as RAS gene aberrations, which may also have an impact on the 
judgement of thyroid tumours, were not deemed. In addition, there 
may be controversy over the threshold values for serum indicators, as 
di�erent studies may use di�erent criteria, a�ecting the comparability of 
the results. Future research directions should include conducting larger-
scale, multi-centre prospective research, considering the presence of 
more potential molecular producers, optimizing the threshold values 
of serum indicators and exploring new diagnostic methods, such as the 
application of arti�cial intelligence-assisted diagnostic technology in 
the judgement of thyroid tumours, to improve diagnostic accuracy.

Conclusion
In conclusion, this research revealed that BRAF V600E gene 

aberrance combined with serum TSH, TGAb and TPOAb levels has 
good clinical value for diagnosing the malignancy of TI-RADS 4 
tumours. Future research should focus on conducting larger-scale, 
multi-centre prospective research and considering the presence of 
more potential molecular producers to further validate and re�ne this 
conclusion.
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