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A B S T R A C T   

Purpose: The study investigates the value of the BRAFV600E mutation in determining the aggres-
siveness of papillary thyroid cancer (PTC) and its correlation with ultrasound features. 
Methods: The study selected 176 patients with BRAFV600E mutation and 80 without the mutation 
who underwent surgery at Guangxi Medical University Cancer Hospital. Clinical and pathological 
data were collected, focusing on BRAFV600E mutations and associated ultrasonic features. Cor-
relation analysis, as well as univariate and multivariate logistic regression analysis, were con-
ducted to identify independent risk factors for BRAFV600E mutation. The results were verified 
using a nomogram model. 
Results: The analysis results indicate that the BRAFV600E mutation correlates with tumor size, 
nodule size, taller-than-wide shape, margin, and shape of papillary thyroid cancer. The receiver 
operating characteristic curve was used to analyze the diagnostic effect of these features on 
BRAFV600E mutation. The results showed that nodule size had the most significant area under the 
curve (AUC = 0.665). Univariate and multivariate logistic regression analyses revealed that taller- 
than-wide shape ≥1, ill-defined margin, irregular shape, nodule size (≤1.40 cm), TT4 (>98.67 
nmol/L), and FT3 (<4.14 pmol/L) were independent risk factors for BRAFV600E mutation. While 
considering all these factors in the nomogram, the Concordance index (C-index) remained high at 
0.764. This suggests that the model has a good predictive effect. 

Abbreviations: PTC, Papillary Thyroid Cancer; TNM, Tumor Node Metastasis; TSH, thyroid-stimulating hormone; TT4, thyroxine; TT3, total- 
triiodothyronine; FT4, free thyroxine; FT3, free triiodothyronine; HE, hematoxylin and eosin; DNA, Deoxyribonucleic Acid; IQR, Interquartile 
Range; ROC, receiver operating characteristic; AUC, the area under the curve; CI, Confidence Interval; OR, odds ratio; C-Index, Consistency Index; 
AJCC, American Joint Committee on Cancer; PCR, Polymerase Chain Reaction; ARMS PCR, Amplification Refractory Mutation System-PCR; ddPCR, 
digital microdroplet PCR. 
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Conclusion: Ultrasound features including nodule size, taller-than-wide shape ≥1, ill-defined 
margins, irregular shape, higher TT4 levels, and lower FT3 levels were associated with papil-
lary thyroid cancer aggressiveness and BRAFV600E mutation.   

1. Introduction 

Thyroid cancer is the most common malignant tumor of the endocrine system, accounting for 90 % of cases are papillary thyroid 
cancer [1,2]. It is more prevalent in women than in man [3]. The incidence of PTC has increased by about 6 % annually in recent years, 
making it a rapidly growing global malignancy [4]. The standard treatment for thyroid cancer is surgery combined with radioactive 
I131 ablation [5,6]. According to the source, while the treatment effect and prognosis for thyroid cancer patients are generally positive, 
there is a risk of recurrence and mortality due to regional and distant metastases, which occur in 6 %–20 % of case [7,8]. 

The BRAFV600E mutation is the most common genetic mutation in thyroid cancer [9]. Studies suggest that patients with BRAFV600E 

mutation may be associated with lymph node metastasis, vascular invasion, and distant metastasis, which increase the risk of disease 
recurrence [4,10]. Studies [11]have shown that BRAFV600E mutations are more common in papillary than in follicular carcinoma. 
Therefore, the early detection of clinicopathological indicators related to BRAFV600E mutation may provide a reference for selecting 
thyroid cancer treatment options, improving survival and prognosis. 

The incidence of thyroid nodules in the general population is as high as 65 % [12], while the malignancy rate of thyroid nodules is 
7%–15 % [13]. Ultrasound is an inexpensive and convenient modality, and ultrasonic features such as acoustic shadow, irregular 
margins, microcalcifications, and taller-than-wide shapes ≥1 have been used as potential predictors of malignant thyroid nodules 
[14–17]. Therefore, thyroid ultrasonography is essential for the initial evaluation of benign and malignant thyroid nodules [13]. 

Kabaker et al. [18,19] found that BRAFV600E mutations were associated with malignant ultrasound features such as hypoechoic, 
irregular morphology, taller-than-wide shape ≥1, and microcalcifications of thyroid masses. However, the value of BRAFV600E mu-
tation in determining the aggressiveness of PTC and its correlation with ultrasound features is still controversial. This study takes 
advantage of retrospective analysis aimed investigating the value of BRAFV600E mutation in determining the aggressiveness of PTC and 
its correlation with the ultrasound features of thyroid cancer nodules to improve the application of BRAFV600E mutation detection in 
the management of PTC and to provide a better reference for the clinical diagnosis and treatment of PTC. 

Fig. 1. Schematic diagram of this study.  
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Table 1 
Baseline database of all the papillary thyroid cancer patients.  

Features Number (%) 

BRAFV600E mutation 
Positive (%) 176 (68.75 %) 
Negative (%) 80 (31.25 %) 
Gender 
Male (%) 71 (27.70 %) 
Female (%) 185 (72.30 %) 
Quantity 
Single (%) 185 (72.30 %) 
Multiple (%) 71 (27.70 %) 
Lymph node metastasis 
Positive (%) 103 (40.20 %) 
Negative (%) 153 (59.80 %) 
Nodular goiter 
Positive (%) 118 (46.10 %) 
Negative (%) 138 (53.90 %) 
Envelope invasion 
Positive (%) 119 (46.50 %) 
Negative (%) 137 (53.60 %) 
T stage 
T1 (%) 122 (47.66 %) 
T2 (%) 13 (5.08 %) 
T3 (%) 1 (0.39 %) 
T4 (%) 120 (46.88 %) 
N stage 
N0 (%) 153 (59.80 %) 
N1 (%) 103 (40.20 %) 
M stage 
M0 (%) 240 (93.25 %) 
M1 (%) 16 (6.25 %) 
Clinical stage 
I (%) 221 (86.33 %) 
II(%) 13 (5.08 %) 
III(%) 17 (6.64 %) 
IV(%) 5 (1.95 %) 
Location 
Left (%) 99 (38.70 %) 
Right (%) 103 (40.20 %) 
Isthmus (%) 8 (3.10 %) 
Multiple (%) 46 (18.00 %) 
Taller-than-wide shape 
<1 (%) 127 (49.60 %) 
≥1 (%) 129 (50.40 %) 
Composition 
Solid (%) 237 (92.60 %) 
Mixed cystic and solid (%) 19 (7.40 %) 
Margin 
Defined (%) 30 (11.70 %) 
Ill-defined (%) 226 (88.30 %) 
Shape 
Regular (%) 80 (31.30 %) 
Irregular (%) 176 (68.80 %) 
Echogenicity 
Hypoechoic (%) 235 (91.80 %) 
Isoechoic (%) 2 (0.80 %) 
Hyperechoic (%) 5 (2.00 %) 
Mixed echoic (%) 14 (5.50 %) 
Acoustic shadow 
Attenuation (%) 75 (29.30 %) 
No acoustic shadow (%) 117 (45.70 %) 
Enhancement (%) 64 (25.00 %) 
Calcification 
Non-calcification (%) 77 (30.10 %) 
Microcalcifications (%) 161 (62.90 %) 
Macrocalcifications (%) 18 (7.00 %) 
Adler Grade of blood flow 
Grade 0 (%) 15 (5.90 %) 
Grade 1 (%) 102 (39.80 %) 
Grade 2 (%) 93 (36.30 %) 

(continued on next page) 
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2. Materials and methods 

2.1. Research design 

This study selected 256 PTC patients who underwent surgery at the Guangxi Medical University Cancer Hospital from May 2020 to 
June 2022. Inclusion criteria were as follows: (1) the patient underwent thyroid surgery for the first time; (2) BRAFV600E gene 
detection; (3) thyroid ultrasonic examination was performed in our hospital before surgery; and (4) Papillary thyroid cancer was 
pathologically diagnosed after surgery. The exclusion criteria were as follows: (1) combined with malignant tumors in other sites; (2) 
the patient has received radiofrequency ablation, nuclear therapy, neck radiotherapy, and other thyroid surgery; (3) pregnancy is 
present; (4) multiple malignant tumors in the left and right lobes of the thyroid gland have only a single mass BRAFV600E mutation, the 
general method is shown in Fig. 1. This study adhered to the ethical guidelines of the 2008 Declaration of Helsinki and was approved by 
the Ethics Committee of Guangxi Medical University Cancer Hospital (LW2023092). 

2.2. Clinical data collection 

In this retrospective study, we collected data on the clinicopathological characteristics of PTC patients. These data include gender, 
age, lymph node metastasis, envelope invasion, tumor size, TNM stage, clinical stage, BRAFV600E gene detection results, and contains 
thyroid-stimulating hormone (TSH), total-triiodothyronine (TT3), thyroxine (TT4), free triiodothyronine (FT3), free thyroxine (FT4) 
and other laboratory data. Hematological data were collected before treatment. In patients with multiple lesions, only the most sig-
nificant lesion was analyzed. Finally, we included 256 patients who met the inclusion and exclusion criteria. Of these, 176 (68.75 %) 
were positive for BRAFV600E mutations, and 80 (31.25 %) were negative. The mean age of the patients was 41.50 ± 8.50 years. Among 
the 256 PTC patients, 221 (86.33 %) were in clinical stage I, 13 (5.08 %) were in clinical stage II, 17 (6.64 %) were in clinical stage III, 
and 5 (1.95 %) were in clinical stage IV. Table 1 shows the relevant pathological, ultrasonic, and clinical features. 

Table 1 (continued ) 

Features Number (%) 

Grade 3 (%) 46 (18.00 %) 
Age (median [IQR]) 41.50 [33–49.5] 
Tumor size (median [IQR]) 1.00 [0.6–1.5] 
Nodule size (median [IQR]) 1.10 [0.7–1.6] 
TSH(median [IQR]) 1.29 [0.81–1.78] 
TT4 (median [IQR]) 88.25 [78.14–101.48] 
TT3 (median [IQR]) 1.34 [1.18–1.48] 
FT4 (median [IQR]) 12.98 [12.17–14.08] 
FT3 (median [IQR]) 4.22 [3.84–4.56] 

Abbreviation: Age, year; Tumor size, cm; Nodule size, cm; TSH, thyroid-stimulating hormone, μIU/ml; TT4, thyroxine, nmol/L; TT3, total- 
triiodothyronine, nmol/L; FT4, free thyroxine, pmol/L; FT3, free triiodothyronine, pmol/L; IQR, Interquartile Range. 

Fig. 2. The ultrasonic imaging features of PTC patients with BRAFV600E mutation A: BRAFV600E mutation positive: the nodule with ill-defined 
margin, the shape is irregular, taller-than-wide shape ≥1 (Red arrow in the Figure); B: BRAFV600E mutation negative: the nodule with defined 
margin, regular shape, taller-than-wide shape <1; (blue arrow). These ultrasonic nodules come from patients who were diagnosed as PTC patho-
logically. A+ and B+ are the long diameters and short diameters of the nodules. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the Web version of this article.) 
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2.3. Conventional ultrasonic examination methods 

Using Aplio400, Aplio500, and Aplio800 ultrasonic examiners manufactured by Toshiba Corporation (Japan) and LOGIQ E9 ul-
trasonic examiners manufactured by GE HealthCare (United States). A 14L5 high-frequency linear array probe with a 5–14 MHz 
frequency was selected. The patients were placed supine and fully exposed to the neck nodule. A routine ultrasonic examination of the 
thyroid gland was performed to record the following ultrasound features: nodule location, size, taller-than-wide shape, margin, shape, 
echogenicity, acoustic shadow, calcification, and extent of blood flow enhancement (judging by the Adler semi-quantitative method, 
Grace 0: No internal blood flow signal; Grade 1: a small amount of blood flow signal, 1–2 punctate blood flow can be seen; Grade 2: 
moderate blood flow signal, 3–4 punctate blood flow or 1 passing through blood vessels, the length of which may approach or exceed 
the radius of the lesion; Grade 3: blood flow signal is abundant, more than five punctate blood vessels or two long blood vessels can be 
seen). The physician interprets the results with more than ten years of experience in thyroid ultrasound diagnosis, and the ultrasound 
features are described without the physician knowing the pathological outcome of the thyroid lesions, which avoids subjective se-
lection bias. 

This study adheres to the guidelines [20] for diagnosing and treating thyroid cancer in the National Health Commission of the 
People’s Republic of China. The guidelines identify microcalcification, irregular margins, and taller-than-wide shape ≥1 as the high 
specificity malignant signs of thyroid nodules. Other malignant symptoms include solid hypoechoic nodules, absent halos, extra-
thyroidal invasion, and cervical lymph node abnormalities. Fig. 2 (A-B) displays the results of following these guidelines in the study. 

2.4. BRAFV600E genetic test 

The pathologist selected the optimal wax block for genetic testing, ensuring the tumor tissue was more than 20 %. Deoxyribonucleic 
Acid (DNA) was extracted using Xiamen Adder Biomedical Technology Co., Ltd.’s nucleic acid extraction reagent (catalog number 
ADx-FF03). Gene mutation detection was performed using Xiamen Adder Biomedical Technology Co., Ltd.’s human BRAFV600E mu-
tation detection kit (fluorescent polymerase chain reaction). The experimental operation was conducted strictly following the standard 
operating procedures of the Laboratory of Molecular Pathology, Department of Pathology, Cancer Hospital of Guangxi Medical 
University. Professional attending physicians of molecular pathology interpreted the results. 

2.5. Pathological examination 

This study analyzed 256 pathological specimens of goiter and cervical lymph nodes. The specimens were fixed using a 10 % neutral 
formaldehyde solution and processed using conventional dehydration, paraffin embedding, 4 μm sections, and hematoxylin and eosin 
(HE) staining. The pathologists who read the specimens have over ten years of experience in tumor diagnosis. The medical record 
includes information on the type and location of the cancer, its size and number, the presence of metastasis in cervical lymph nodes, the 
presence of concomitant nodular goiter, and whether the cancer has invaded the membrane. 

2.6. Statistical analysis 

Statistical analyses were performed using R statistical software (version 3.6.1), medical statistics software, and GraphPad Prism 
(version 9.4.1). Measurement parameters were tested for Kolmogorov-Smirnov normality, and the mean ± standard deviation (x ± s) 
was used for normal distribution. The t-test was used to compare the two groups. Parameters not conforming to the normal distribution 
were tested using the Mann-Whitney U test, and the median ± interquartile range (M ± IQR) was used for the non-normal distribution. 
Comparisons between census data groups were compared using the chi-squared test or Fisher’s exact probability method. In this study, 
receiver operating characteristic (ROC) curves were constructed to determine the optimal cut-off and diagnostic accuracy for 
continuous variables. P value less than 0.05 (all two-tailed) are considered statistically significant. Characteristics with a P value less 
than 0.05 were included in the correlation model. All selected factors were used to develop a correlated nomogram model for 
BRAFV600E mutation risk in PTC patients. The nomograms were subjected to 1,000 boot strap resamples for internal validation. The 
consistency index (C-index) between correlation probability and response is used to evaluate the discrimination performance of the 
nomograms [21]. C-index values range from 0.5 to 1.0, with 0.5 representing random chance and 1.0 representing fully corrected 
discrimination [22]. Calibration is the ability of a model to produce an unbiased estimate of outcomes. We used the model’s marginal 
estimate and average prediction probability to construct a calibration curve. The result will fall on the 45◦ diagonal line for a 
well-calibrated model. 

3. Results 

3.1. The nodule size is correlated with the tumor size of PTC 

Tumor size in evaluating the extent of tumor invasion and predicting patient prognosis. Nodule size, TSH, TT4, TT3, FT4, and FT3 
are critical indicators for assessing thyroid function. This study investigates the correlation between tumor size, nodule size, and 
thyroid function indicators grouped by BRAFV600E gene mutation status. The study found a linear correlation between tumor size and 
nodule size in both the mutant group (R = 0.789, P < 0.001) and the non-mutant group (R = 0.623, P < 0.001), as well as in the entire 
group (R = 0.728, P < 0.001). No linear correlation was observed between tumor size and TSH, TT4, TT3, FT4, or FT3. Furthermore, in 
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the absence of BRAFV600E mutation grouping, a linear correlation was observed between nodule size and TT4 (R = 0.196, P = 0.002), 
TT3 (R = 0.152, P = 0.015), FT4 (R = 0.178, P = 0.004), and FT3 (R = 0.168, P = 0.007), the results are shown in Fig. 3. The rest results 
are presented in Supplementary Table 62, and Supplementary Fig. 21. 

3.2. The correlated analysis between BRAFV600E mutation and pathology, ultrasonic and other clinical categorical features in PTC 

This study uses correlated analysis to investigate the correlation between BRAFV600E mutation and pathological, ultrasonic, and 
other clinical categorical features of PTC. The findings indicate that BRAFV600E mutation was negatively correlated with calcification 
and was positively correlated with taller-than-wide shape ≥1, ill-defined margin, and irregular shape (all P < 0.05). The results are 
shown in Table 2. 

3.3. Differential analysis of ultrasound characteristics of BRAFV600E mutated and unmutated in PTC patients 

The Mann-Whitney U test was used to analyze the difference between BRAFV600E mutations and PTC tumor size, nodule size, and 
thyroid hormone levels. The results showed a significant difference between BRAFV600E mutation and tumor size and nodule size (all P 
< 0.05), as shown in Fig. 4 (A-H). Additionally, the chi-square test was used to analyze the differences between BRAFV600E mutation 
and pathological, ultrasound, and other clinical features of PTC. The results indicate that the BRAFV600E mutation differed significantly 
from a taller-than-wide shape≥1, an ill-defined margin, and an irregular shape (all P < 0.05). These findings are presented in Fig. 5 (A- 
R). 

3.4. Receiver operating characteristic curve (ROC curve) 

This study examines the diagnostic effect of various clinical features, including tumor size, nodule size, TSH, TT4, TT3, FT4, FT3, on 
BRAFV600E mutation in PTC. Of all the ROC curves, the nodule size had the largest area under the curve (AUC = 0.665), as depicted in 
Fig. 6 (A-G). The study utilized the ROC curve (indexed by the Youden index) to determine the optimal cut-off value, diagnostic 
sensitivity, and specificity of clinical features that were correlated with BRAFV600E mutations. The results are presented in Table 3. 

3.5. Construction of the univariate and multivariate logistic regression model 

This study constructed the ROC curve to determine the optimal cut-off value of continuous characteristics for correlated with 
BRAFV600E mutations in PTC. Univariate logistic regression analysis was performed, and the results showed that tumor size, nodule 

Fig. 3. The correlation analysis among tumor size, nodule size, and thyroid hormones The significance is marked as P > 0.05 NS; P < 0.05 *; P <
0.01 **; P < 0.001 ***; P < 0.0001 ****. 
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size, TT4, TT3, and FT3 were correlated with BRAFV600E mutation (all P < 0.05). This indicates that tumor size, nodule size, TT4, TT3, 
and FT3 may be risk factors for BRAFV600E mutation in PTC. Additionally, ultrasonic characteristics such as taller-than-wide shape, 
margin, and morphology related to BRAFV600E mutation were obtained using either the Chi-square test or the Fisher exact test. 
However, a linear relationship was observed between nodule size and tumor size, TT4 and TT3. Furthermore, the area under the curve 
of nodule size was the largest (AUC = 0.665). Therefore, when constructing the logistic regression model in this study, we included risk 
factors other than tumor size and TT3. The results indicated that nodule size, taller-than-wide shape, margin, TT4, and FT3 were 
independent risk factors for BRAFV600E mutation (all P < 0.05). The results are shown in Table 4. 

Table 2 
Correlation analysis of BRAFV600E mutation and clinical features in PTC.  

Features R P value 

Gender − 0.004 0.955 
Quantity − 0.091 0.148 
Lymph node metastasis − 0.031 0.620 
Nodular goiter 0.066 0.296 
T stage − 0.066 0.294 
N stage − 0.031 0.620 
M stage 0.000 1.000 
Clinical stage 0.058 0.358 
Location − 0.002 0.973 
Taller-than-wide shape 0.342 < 0.001 
Composition − 0.002 0.974 
Margin 0.226 < 0.001 
Shape 0.255 < 0.001 
Echogenicity − 0.104 0.097 
Acoustic shadow 0.041 0.511 
Calcification − 0.145 0.020 
Adler Grade of blood flow − 0.011 0.860  

Fig. 4. The difference analysis among tumor size, nodule size, and thyroid hormones. A: Age differences in BRAFV600E mutations; B: Tumor size 
differences in BRAFV600E mutations; C: Nodule size differences in BRAFV600E mutations; D: TSH differences in BRAFV600E mutations; E: TT4 dif-
ferences in BRAFV600E mutations; F: TT3 differences in BRAFV600E mutations; G: FT4 differences in BRAFV600E mutations; H: FT3 differences in 
BRAFV600E mutations; The significance is marked as P > 0.05 NS; P < 0.05 *; P < 0.01 **; P < 0.001 ***; P < 0.0001 ****. 
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Fig. 5. The difference analysis among BRAFV600E mutation and pathology and ultrasonic and other clinical feature A–I: The difference analysis 
among BRAFV600E mutation and pathology and clinical feature; J–R: The difference analysis between BRAFV600E mutation and ultrasonic feature; 
The significance is marked as P > 0.05 NS; P < 0.05 *; P < 0.01 **; P < 0.001 ***; P < 0.0001 ****. 

Fig. 6. Area under the curve (AUC) of BRAFV600E mutation in PTC. A: Tumor size; B: Nodule size; C: TSH; D: TT4; E: TT3; F: FT4; G: FT3.  
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3.6. Construction of a nomogram model that correlates factors with the BRAFV600E mutation 

We constructed a nomogram based on independent risk factors from multivariate logistic regression analysis. The results showed 
that the taller-than-wide shape contributed the most to correlating with BRAFV600E mutations in PTC, followed by margin, shape, TT4, 
and finally, nodule size and FT3. The C-index was 0.764, and the predicted value is 0.837, as shown in Fig. 7 (A). The calibration curve 
shows that the BRAFV600E mutation correlation curve is consistent, and the model is well calibrated, and the results are shown in Fig. 7 
(B). 

3.7. Subgroup logistics regression analysis of various factors on BRAFV600E mutation in different environments 

We performed subgroup logistic regression analysis to exclude confounding factors according to TNM stage, clinical stage, and 
independent risk factors. We explored each factor’s predictive effect on BRAFV600E mutation in different settings. The results show that 
compared with the T1-T2 stage, tumor size (OR = 5.525) and margin (OR = 3.123) were independent risk factors for BRAFV600E 

Table 3 
ROC curve analysis.  

Features AUC(95%CI) Threshold P value Sensitivity Specificity Youden 

Tumor size 0.594 (0.531–0.654) 1.90 0.019 88.070 32.500 0.206 
Nodule size 0.665 (0.603–0.722) 1.40 < 0.001 76.700 50.000 0.267 
TSH 0.519 (0.455–0.581) 1.60 0.647 73.860 33.750 0.076 
TT4 0.506 (0.443–0.569) 98.67 0.864 33.520 78.750 0.123 
TT3 0.559 (0.496–0.621) 1.17 0.119 26.700 86.250 0.130 
FT4 0.511 (0.448–0.573) 14.20 0.785 75.570 15.000 0.094 
FT3 0.575 (0.511–0.536) 4.14 0.053 50.000 65.000 0.150 

Abbreviation: Tumor size, cm; Nodule size, cm; TSH, thyroid-stimulating hormone,μIU/ml; TT4, thyroxine, nmol/L; TT3, total-triiodothyronine, 
nmol/L; FT4, free thyroxine, pmol/L; FT3, free triiodothyronine, pmol/L; ROC, receiver operating characteristic; AUC, the area under the curve. 

Table 4 
Univariate and Multivariate logistics regression analysis.  

Variable Univariate logistics regression analysis Multivariate logistics regression analysis 

OR 95 % CI P Value OR 95 % CI P Value 

Tumor size 3.554 1.8494–6.8289 < 0.001    
Nodule size 3.293 1.8797–5.7677 < 0.001 2.166 1.1048–4.2460 0.014 
TSH 1.440 0.8121–2.5523 0.212    
TT4 1.869 1.0049–3.4753 0.048 2.492 1.2010–5.1722 0.048 
TT3 2.333 1.1074–4.9164 0.026    
FT4 0.546 0.2701–1.1030 0.092    
FT3 1.735 1.0045–2.9957 0.048 1.908 1.0065–3.6166 < 0.001 
Taller-than-wide shape 4.881 2.7041–8.8089 < 0.001 3.680 1.8891–7.1671 0.032 
Margin 3.968 1.8066–8.7140 0.001 2.790 1.0911–7.1358 0.003 
Shape 3.132 1.7879–5.4869 < 0.001 2.658 1.3863–5.0971 < 0.001 
Macrocalcifications 0.221 0.0788–0.6222 0.004    

Abbreviation: Tumor size, cm; Nodule size, cm; TSH, thyroid-stimulating hormone,μIU/ml; TT4, thyroxine, nmol/L; TT3, total-triiodothyronine, 
nmol/L; FT4, free thyroxine, pmol/L; FT3, free triiodothyronine, pmol/L; CI, Confidence Interval; OR, odds ratio. 

Fig. 7. Nomogram model and calibration curve B–A: Nomogram model; Nodule size, cm; TT4, thyroxine, nmol/L; FT3, free triiodothyronine, pmol/ 
L; P > 0.05 NS; P < 0.05 *; P < 0.01 **; P < 0.001 ***; P < 0.0001 ****. B: calibration curve. 
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Table 5 
Multivariate logistics regression analysis of different TNM stages, clinical stages and independent risk factors in PTC.  

Multivariate logistics regression analysis 
Group Variable OR 95 % CI P value 
T1-T2 stage  

Taller-than-wide shape 5.525 2.3486–12.9964 < 0.001  
Shape 3.123 1.3507–7.2227 0.008 

T3-T4 stage  
Tumor size 2.515 1.2118–5.2191 0.013  
Taller-than-wide shape 4.463 2.3819–8.3623 < 0.001  
Margin 2.713 1.0812–6.8047 0.034  
Shape 2.448 1.2957–4.6266 0.006 

N0 stage  
Nodule size 2.895 1.2437–6.7399 0.014  
Taller-than-wide shape 3.669 1.5809–8.5145 0.003  
Shape 3.287 1.4768–7.3143 0.004 

N1 stage  
FT3 3.265 1.0380–10.2702 0.043  
Taller-than-wide shape 3.589 1.3623–9.4553 0.010  
Margin 7.942 1.5664–40.2668 0.012 

M0 stage  
Tumor size 2.687 1.2047–5.9938 0.016  
TT4 2.768 1.2780–5.9954 0.010  
FT3 2.118 1.0930–4.1055 0.026  
Taller-than-wide shape 3.888 2.0288–7.4502 < 0.001  
Margin 2.688 1.0446–6.9171 0.040  
Shape 2.417 1.2389–4.7167 0.010 

I-II stage  
Tumor size 2.633 1.1824–5.8613 0.018  
Taller-than-wide shape 4.706 2.4315–9.1095 < 0.001  
Margin 2.984 1.1324–7.8653 0.027  
Shape 2.265 1.1712–4.3810 0.015 

Taller-than-wide shape <1  
Nodule size 2.217 1.0143–4.8441 0.046  
Margin 4.122 1.3332–12.7472 0.014  
Shape 3.184 1.4240–7.1186 0.005 

Taller-than-wide shape ≥1  
TT4 5.738 1.7991–18.3015 0.003  
Shape 4.335 1.2990–14.4670 0.017  
Quantity 0.279 0.0891–0.8731 0.028  
Microcalcifications 5.836 1.1752–28.9767 0.031 

Defined Margin  
Nodule size 3.301 1.7162–6.3483 < 0.001  
Shape 0.285 0.1584–0.5127 < 0.001 

ill-defined Margin  
Tumor size 3.028 1.4523–6.3127 0.003  
TT4 2.294 1.0491–5.0167 0.038  
Taller-than-wide shape 4.172 2.2398–7.7698 <0.001  
Shape 3.040 1.6335–5.6587 0.001 

Regular Shape  
TSH 5.235 1.4478–18.9305 0.012  
TT4 9.228 1.3976–60.9258 0.021  
Taller-than-wide shape 4.398 1.1544–16.7560 0.030  
Margin 8.435 1.7458–40.7495 0.008 

Irregular Shape  
Taller-than-wide shape 4.347 1.9706–9.5870 <0.001  
Macrocalcifications 0.146 0.0319–0.6689 0.013 

Nodule size >1.4 cm  
Taller-than-wide shape 6.294 1.3667–28.9830 0.018  
Shape 5.177 1.5717–17.0486 0.007  
Microcalcifications 10.362 2.1429–50.1047 0.007 

Nodule size ≤1.4 cm  
TT4 3.238 1.0380–10.0985 0.043  
Taller-than-wide shape 2.885 1.3627–6.1094 0.006  
Shape 2.554 1.1752–5.5509 0.018 

TT4 > 98.67 nmol/L  
FT3 14.060 1.9725–100.2241 0.008  
Taller-than-wide shape 10.664 2.1375–53.2053 0.004 

TT4 ≤ 98.67 nmol/L  
Nodule size 2.944 1.2676–6.8389 0.012  
FT4 3.292 1.5519–6.9837 0.002  
Taller-than-wide shape 3.387 1.5331–7.4839 0.003 

(continued on next page) 
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mutation in the T3-T4 stage. Compared with the M0 and I–II stages, there were no independent risk factors for BRAFV600E mutation in 
the M1 and III–IV stages, respectively. The remaining results are shown in Table 5. The rest results are shown in Supplementary Table 1 
to Table 61, and Supplementary Fig. 1 to Fig. 20 (A-G). 

4. Discussion 

The BRAF gene belongs to a class of oncogenes. Most mutations occur in the 1799th nucleotide of exon 15, resulting in the 
replacement of valine with glutamic acid in the 600th codon of protein translation, which causes abnormal phosphorylation, activates 
the MAPK signaling pathway, regulates cell proliferation and differentiation, and promotes tumorigenesis and development [23,24]. 
Some studies have suggested that BRAFV600E mutations are associated with aggressive behavior and adverse prognosis, such as 
multiple carcinomas, lymphatic metastasis, membrane invasion, high TNM stage, and prognosis [25–28]. However, some studies 
suggest that BRAFV600E mutations are not significantly associated with prognosis [29,30]. In this study, we included 176 patients with 
BRAFV600E mutation and 80 patients without mutation and performed a correlation analysis between pathology features and 
BRAFV600E mutation in PTC patients. The results showed that tumor size was significantly correlated with the BRAFV600E gene mu-
tation (P = 0.016), consistent with the results of Kwak et al. [25,31,32]. However, multiple cancer lesions, lymphoid metastasis, 
membrane invasion, TNM stage, and clinical stage were not significantly correlated with BRAFV600E mutations, which may be related 
to sample size and population distribution. 

Furthermore, most previous studies used the American Joint Committee on Cancer (AJCC) seventh edition staging criteria, and this 
study used the AJCC 8th edition staging criteria to stage PTC. Lechner [33] noted differences in survival prognosis between patients 
following AJCC 7th and 8th edition staging criteria. At the same time, Tam [34] concluded that the survival prognosis of patients using 
these two staging criteria was similar. This suggests that for the survival prognosis of patients with thyroid cancer, the use of different 
versions of the AJCC staging criteria may lead to different outcomes. While Pontius’ study observed this difference, Tam’s findings 
implied a similarity between the two staging criteria regarding survival prognosis. However, further studies are needed to understand 
and explain this phenomenon due to such differences and similarities. 

Thyroid ultrasonography is the first step in thyroid cancer screening and diagnosis, and the wide application of thyroid ultrasound 
and fine needle aspiration has significantly improved the detection rate of thyroid cancer. Whether non-invasive ultrasonography can 
be used to evaluate the molecular expression of thyroid cancer at an early stage is of great significance for preoperative evaluation of 
the lesions’ aggressiveness, prognosis, and the selection of reasonable treatment options. However, the value of BRAFV600E mutation in 
determining the aggressiveness of PTC and its correlation with ultrasound features is still controversial. Previous studies [25,35] have 
believed that BRAFV600E gene mutations are not significantly correlated with ultrasound features. Conversely, Kabaker [18,19] et al. 
believed that ultrasound features such as unclear boundaries, hypoechoic, microcalcification, non-cystic composition, and absence of a 
halo are significantly associated with BRAFV600E gene mutations. In 2006, Boelaert [36] first reported a correlation between TSH levels 
and the occurrence of thyroid cancer. However, the correlation analysis between thyroid hormones BRAFV600E gene mutations is rare. 
In this study, we conducted correlation analysis and univariate and multivariate logistics regression analysis. The results of multi-
variate analysis showed that the ultrasound features of nodule size, taller-than-wide shape, ill-defined margin, irregular shape, and 
higher level TT4 and lower level FT3 were independent risk factors for BRAFV600E gene mutation. This is similar to the findings of 
Kabaker [18,19,37,38] et al. The correlation analysis between ultrasound nodule size and BRAFV600E gene mutation was rare. Park 
[35] believed that the increase in cancer lesion size was associated with BRAFV600E gene mutation, while ultrasound nodule size was 
not correlated with BRAFV600E gene mutation. In this study, we performed linear correlation analysis. We found a significant corre-
lation between cancer lesion size and ultrasound nodule size (P < 0.05); the cut-off values of tumor size and ultrasound nodule size 
correlated with BRAFV600E gene mutation were <1.90 cm and 1.40 cm, respectively. Subsequent univariate logistics regression 
analysis showed significant correlations between cancer lesion size and ultrasound nodule size, as well as BRAFV600E gene mutation, 
consistent with the study of Kwak [31,32] et al. The presence of multiple nodules and multiple malignant tumors increases the het-
erogeneity of the sample and may lead to complications during data analysis. The inconsistency of these results may be related to the 
interference error caused by the multiple occurrences of nodules and carcinoma. Chen [37,38] et al. believed multiple tumors 
significantly correlated with BRAFV600E gene mutations. Still, our results showed that single or multiple tumors had no significant 
correlation with BRAFV600E mutations (P = 0.148), consistent with Ahn’s study [29]. In addition, The main research population of this 
study was single nodules (72.30 %), which not only ensured the matching degree of nodules and cancer but also avoided the 

Table 5 (continued )  

Margin 4.076 1.9249–8.6326 < 0.001 
FT3 ≥ 4.14 pmol/L  

TT3 6.870 1.2606–37.4374 0.026  
Taller-than-wide shape 5.111 2.2102–11.8188 < 0.001  
Shape 3.592 1.5760–8.1876 0.002 

FT3 < 4.14 pmol/L  
Nodule size 6.759 2.2436–20.3600 0.001  
TT4 6.486 1.3140–32.0100 0.022  
Gender 0.196 0.0399–0.9618 0.045 

Abbreviation: Tumor size, cm; Nodule size, cm; TSH, thyroid-stimulating hormone,μIU/ml; TT4, thyroxine, nmol/L; TT3, total-triiodothyronine, 
nmol/L; FT4, free thyroxine, pmol/L; FT3, free triiodothyronine, pmol/L; OR, odds ratio; TNM, Tumor Node Metastasis. 
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interference error caused by multiple cancers. 
Finally, we used the six independent risk factors obtained by multivariate regression analysis to construct the nomogram and 

perform calibration curve analysis on the nomogram, which showed that the six independent risk factors have a reasonable correlation 
with the BRAFV600E gene mutation. However, the BRAFV600E gene mutation correlation model that has been reported is rare. In this 
study, we explored the correlation of pathological, ultrasound, and clinical features on BRAFV600E gene mutations in PTC and 
developed a nomogram that contains ultrasound features and clinical features. 

Ultrasound detection is a convenient, economical, and harmless examination method. The development of high-resolution ultra-
sound has made significant progress in PTC’s detection rate and diagnostic specificity. Ultrasound-guided fine-needle aspiration 
cytology is currently the standard method for diagnosing thyroid cancer before surgery, and its specificity is high, but there is still a 
misdiagnosis rate of 15 %~25 %. In addition, as a highly accurate molecular diagnostic technology, genetic testing plays a crucial role 
in diagnosing hereditary diseases, predicting disease risk and guiding personalized treatment. Standard genetic testing methods 
include Amplification Refractory Mutation System-PCR (ARMS PCR) and digital microdroplet PCR (ddPCR), characterized by high 
precision and accuracy. In addition, next-generation sequencing (NGS) is characterized by high throughput, comprehensiveness, and 
versatility. It can sequence DNA fragments simultaneously, making it suitable for various genomes, transcriptomes, and epigenome 
sequencing types. However, the high cost of genetic testing technology, the need for specialized equipment, and the complexity of 
operating techniques limit its widespread use in primary care and disease screening. 

Therefore, there is an urgent need for a means that can be widely used in risk screening for tumors. Combining with previous 
studies, we have integrated ultrasound features and serum thyroid hormones into an easy-to-use nomogram that can tell the rela-
tionship between Ultrasound and BRAFV600E mutations of PTC. The internal validation in the cohort shows good discrimination and 
calibration ability, especially the interval validation C-index (0.764), which indicates that the correlation model can be widely used. 
This is the first time a nomogram has been combined with thyroid ultrasound features and thyroid hormones for risk assessment and 
correlation of BRAFV600E gene mutations. This borderline assessment approach allows clinicians and high-risk patients to quickly and 
easily obtain personalized risk profiles. This finding is unique because it combines ultrasonographic features, clinical indicators, and 
molecular biomarkers to provide a relatively accurate tool for diagnosing thyroid cancer. 

However, this study also had some limitations. First, the study was retrospective; all specimens were from a single institution for 
postoperative thyroid cancer cases, with some selection bias. However, we developed a severe standard to reduce the selection bias. 
Second, the accuracy of our nomogram should be evaluated through external validation, which will help to assess whether our 
nomogram applies to new populations. Follow-up studies will be externally validated, and large-scale clinical trials are needed to 
illustrate and improve the model’s effectiveness in predicting BRAFV600E mutations in PTC. Third, the postoperative follow-up time of 
the subjects was short, and all patients were still alive, so survival analysis could not be performed. Subsequent studies will continue to 
explore the relationship between BRAFV600E mutation and the survival prognosis in PTC. Finally, we will refine the diagnostic models 
and cost-effectiveness analyses and improve their clinical utility. 

5. Conclusion 

In conclusion, our systematic and comprehensive analysis determined that Ultrasound features, including nodule size, taller-than- 
wide shape ≥1, ill-defined margins, irregular shape, higher TT4 levels, and lower FT3 levels were associated with papillary thyroid 
cancer aggressiveness and BRAFV600E mutation. The simple operation and preferential price make this correlation method can be more 
widely used in primary hospitals. Quantifying preoperative thyroid ultrasound and thyroid function tests may help physicians better 
evaluate the risk of BRAFV600E gene mutation in PTC patients. This is of great significance for treatment selection and prognosis 
evaluation. 
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