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Purpose: BRAF V600E mutation can compensate for the low detection rate by fine-needle aspiration (FNA) and is related to
aggressiveness and lymph node metastasis. This study aimed to investigate the relationship between texture analysis features based on
magnetic resonance imaging (MRI) and mutations.

Methods: Retrospective analysis was performed on patients with postoperative pathology confirmed papillary thyroid carcinoma
(PTC) from 2017 to 2021. One thousand one hundred and thirty-two texture features were extracted from T2-weighted imaging
(T2WI) and contrast-enhanced T1-weighted imaging (CE-T1WI) separately by outlining the tumor volume of interest (VOI).
Univariate, minimum redundancy maximum relevance (mRMR), and multivariate analyses were used for feature selection to construct
3 models (T2WI, CE-T1WI, and combined model) to predict mutation. The reproducibility between observers was evaluated by
intraclass correlation coefficient (ICC). Receiver operating characteristic (ROC) analysis was used to assess the performance of
models. The diagnostic performance of the optimal cut-off value of models were calculated and validated by 10-fold cross-validation.
Results: A total of 80 PTCs (22 BRAF V600E wild-type and 58 BRAF V600E mutant) were included in our study. Good
interobserver agreement was found on texture features we selected (all ICCs >0.75). The area under the ROC curves (AUCs) for
the T2WI model, CE-T1WI model, and combined model were 0.83 (95% CI: 0.75-0.91), 0.83 (95% CI: 0.73-0.90), and 0.88 (95% CI:
0.81-0.94), respectively. The accuracy, sensitivity, specificity, PPV, and NPV were 0.776, 0.679, 0.905, 0.905, and 0.679 for the T2WI
model at a cut-off value of 0.674; 0.755, 0.750, 0.762, 0.808, and 0.696 for the CE-T1WI model at a cut-off value of 0.573; 0.816,
0.893, 0.714, 0.806, and 0.833 for the combined model at a cut-off value of 0.420.

Conclusion: MRI-based texture analysis could be a potential method for predicting BRAF V600E mutation in PTC preoperatively.
Keywords: magnetic resonance imaging, texture analysis, radiomics, papillary thyroid carcinoma, BRAF V600E

Introduction
Papillary thyroid carcinoma (PTC) is the most prevalent primary tumors of thyroid accounting for 89%, and its incidence
is rising quickly."* As a highly differentiated thyroid cancer, PTC has a good prognosis and low mortality rate.
According to the 2015 American Thyroid Association Management Guidelines, active surveillance for low-risk PTC
has become an alternative to surgery.” However, there are still some high-risk PTC patients with recurrence and
metastasis.*’

BRAF V600E mutation is the most common type of genetic mutation in PTC leading tumor development mainly
through activation of the mitogen-activated protein kinase (MAPK) pathway.®” Many reports suggest that BRA FV600E
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mutation denotes a high risk of metastasis and recurrence, and is also associated with the aggressiveness of PTC.5 !
These results suggest that BRAF V600E mutation may contribute to the detection of high-risk PTC.

Tissue biopsy and gene sequencing are the gold standard for BRAF V600E mutation determination. Tissue specimens
are obtained through invasive approaches, mainly by FNA in the preoperative period. However, there are certain level of
false-positives and false-negatives for detecting the BRAF mutation in FNA samples. The study of Zhao et al'* showed
the false-positive and false-negative mutations for BRAF V600E analysis in FNAC specimens were 10.1% (19/189) and
7.1% (7/98), respectively. In addition, FNA is not recommended for patients with small lesions and some patients choose
to be observed conservatively. If the BRAF V600E mutation status can be known, the treatment will be adjusted whether
to continue monitoring or active treatment.

Ultrasound has been a primary tool in the diagnosis of thyroid lesions.'? Previous studies have extracted morpho-
logical features from ultrasound (US) images for preoperative prediction of BRAF V600E mutation.'*'> However, others
have argued that ultrasound features are not closely associated with BRAF mutations.'®'” Texture analysis, also known
as radiomics, is a technique utilizing high-throughput mining of quantitative image features for precision diagnosis and
treatment, providing a powerful tool for modern medicine.'® Several studies'*® have built a US-based radiomics model
for BRAF V600E mutation prediction in PTC patients, while they found a limited value.

As a non-invasive and radiation-free imaging method, MRI provides both structural and functional images with
superior soft tissue contrast, and is of great value in the evaluation of benign and malignant thyroid nodules and the
preoperative aggressiveness of PTC.?'** To our knowledge, there are few studies exploring the relationship between
MRI-based texture analysis and BRAF V600E mutation. The purpose of this study was to investigate MRI-based texture
features associated with BRAF V600E mutation, construct an MRI-based texture feature model, and evaluate its
performance in the preoperative prediction of BRAF V600E mutation.

Materials and Methods
Study Population

The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of
Minhang Hospital, Fudan University (ethical review number: 2020-008-01K) and exempted from informed consent
because it was a retrospective study. We retrospectively reviewed consecutive patients with pathologically confirmed
PTC from August 2017 to December 2021 in our institution.

Inclusion criteria were: (1) patient underwent preoperative thyroid MRI; (2) lesion diameter >5 mm. Exclusion
criteria were: (1) detection of BRAVE V600E mutation was not performed; (2) time interval between the MRI
examination and subsequent surgery exceeded one month; (3) poor image quality or missing images. The flowchart
for patient inclusion is shown in Figure 1.

Finally, 80 lesions from 80 patients were enrolled (17 males and 63 females; aged: 43.42 + 12.83 years; age range:
18-75 years). We divided the lesions into a BRAF V600Emutation (BRAF_MU) group and a BRAF V600E wild-type
(BRAF_WT) group.

MRI Acquisition

The MRI examination was conducted on a 1.5T MRI scanner (EXCITE HD; GE Healthcare, Milwaukee, WI, USA)
equipped with an 8-channel specialized neck surface coil (Chenguang Medical Technology Ltd, Shanghai, China). The
MRI sequences included: 1) axial and coronal fat-suppressed T2-weighted imaging (T2WI); 2) axial T1-weighted
imaging (T1WI); 3) axial diffusion weighted imaging (DWI) with single-shot spin-echo echo-planar imaging (SS-SE-
EPI) acquisition at b values of 0, 800 or 1000 s/mm2; 4) axial multiphasic contrast-enhanced TIWI (CE-T1WI),
gadolinium contrast agent (Magnevist; Bayer Healthcare, Berlin, Germany) was injected with a dose of 0.2 mL/kg and
rate of 3 mL/s, followed by 20 mL physiological saline flush immediately. Images from six phases were obtained after
injection of the contrast agent at 30s, 60s, 120s, 180s, 240s, and 300s subsequently. Patients were instructed to hold their
breath during the acquisition. The detailed parameters of MRI sequences are listed in Table 1.
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235 patients pathologically confirmed as PTC
and underwent thyroid MRI examination within a
month before surgery between 2017 and 2022

Excluded |
-Detection of BRAFys00e mutation was not
performed (n = 149)

86 patients whose postoperative specimens
underwent detection of BRAFyge0e mutation

Excluded |
-Image quality is poor (n=2)
-Incomplete Images data (n=4)

80 PTC lesions

! }

BRAF 500¢ mutant BRAF g00¢ Wild-type
(n=58) (n=22)

Figure | Study design and flowchart.
Abbreviation: PTC, papillary thyroid carcinoma.

Gene Detection

Thyroid surgery was performed to obtain PTC tumor specimens, and in the case of multiple lesions, the largest lesion
specimens were obtained for genetic testing. A commercial kit from AB Diagnostics was used to detect the BRAF
mutations. The kit is based on the amplification-resisted mutation system (ARMS) real-time polymerase chain reaction
(PCR) technology. Sanger sequencing was used to detect the V60OE mutation in the BRAF gene for sequence analysis.

Volume of Interest Segmentation

All images were first evaluated by a senior MRI radiologist (chief physician with 8 years of experience in thyroid MRI
diagnosis), and the target PTC lesion (match to the lesion undergoing genetic sequencing) was outlined for each patient
(for patient with multiple PTC lesions, the largest one was selected). Using the 3D slicer software (version 5.0.2; https://
www.slicer.org/), two observers (with 5 years of experience in thyroid MRI diagnosis) manually delineated the volume of
interest (VOI) comprising the complete lesion for each patient. In order to prevent partial volume effects, a contour

Table | Parameters of MRI Sequence

Plane TR TE Slice Gap Between NEX | FOV | Matrix Sequence
Thickness Slices Size

T2WI with fat Coronal | 1280 | 85 34 | 4 18 288x192 | FRFSE
suppression
TIWI Axial 460 | 8 34 0.5 2 25 288x192 | FSE
T2WI with fat Axial 3000 | 85 34 0.5 4 25 320%224 | FRFSE
suppression
DWI Axial 6550 | Minimum | 3—4 0.5 6 25 128%128 | SS-EPI
Contrast-enhanced Axial 57 1.7 34 0.5 | 25 192x256 | FSPGR
TIWI
Units ms ms mm mm cm

Abbreviations: TR, repetition time; TE, echo time; NEX, number of excitations; FOV, field of view; T2WI, T2WI-weighted imaging; TIWI, T|-weighted
imaging; DWI, diffusion-weighted imaging; FRFSE, fast recovery fast spin echo; FSE, fast spin echo; SS-EPI, single shot echo-planar imaging; FSPGR, fast spoiled
gradient echo.
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Figure 2 Representative example of the placement of volume of interest (VOI) on the papillary thyroid carcinoma (PTC) with BRAF V600E mutation. The red parts on the
Axial T2-weighted images (A, B and C) are the PTC lesions segmented at several levels, and (D) is the three dimensional image of VOI; Axial contrast-enhanced TIWI (E,
F and G) are the PTC lesions segmented at several levels, and (H) is the three- dimensional image of VOI.

slightly inward to the lesion border was segmented on each slice, and the first and last slices where the lesion was visible
were discarded. To assess the interobserver agreement, VOI delineation was performed by the second observer on 30% of
randomly selected lesions. Observers were blinded to BRAF V600E mutation status of the patient. Figure 2 displays
a representative image of manual segmentation.

Texture Feature Extraction

From the T2WI and CE-T1WI images, 1132 texture radiomics features including: 1) 14 shape features; 2) 18 first-order
features; 3) 22 gray level co-occurrence matrix (GLCM) features; 4) 16 gray level run length matrix (GLRLM)
features; 5) 16 gray level size zone matrix (GLSZM) features; 6) 14 gray level dependence matrix (GLDM) features; 7)
344 Laplace of Gaussian (LoG) transformed features; 8) 688 wavelet transformed features were extracted using the
PyRadiomics package (http://www.radiomics.io/pyradiomics.html) implemented in Python software (version 3.5.6;

https://www.python.org). Detailed information regarding these features can be found in Appendix 1.

Texture Feature Selection and Model Construction

Due to the imbalance in the number of PTC between BRAF WT and BRAF MU groups, we adopted the support vector
machine based synthetic minority oversampling (SVM-SMOTE) algorithm to balance the dataset. Mann—Whitney U-test,
univariate logistic regression, and minimum redundancy maximum relevance (mRMR) algorithms were used to select
meaningful texture features between BRAF-MU and BRAF-WT groups. Multivariate logistic regression stepwise
forward was performed on the remaining features to construct 3 models, which were T2WI model, CE-T1WI model
and combined model, following the AIC (Akaike information criterion). To evaluate the model performance, we
conducted receiver operating characteristic (ROC) analysis, and the area under the ROC curve (AUC) was recorded.
AUC:s between models were compared using Delong test. Diagnostic efficacy including accuracy, sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) were calculated at the optimal cut-off value. In
addition, the prediction models were verified with 10-fold cross-validation.

Statistical Analysis
All statistical analyses were performed using SPSS statistical software (version 26.0; IBM Corpor, Armonk, NY, USA)
and R software (version 4.2.0; http://www.r-project.org). Continuous variables were expressed as mean + standard

deviation (SD), and categorical variables were expressed as frequency (percentages). Independent sample #-test and chi-
square test were used to compare continuous and categorical variables, respectively. Interobserver agreement was
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assessed using the intraclass correlation coefficient (ICC) with the following criteria: excellent, 0.75-1.00; good, 0.50—
0.75; acceptable, 0.25-0.50; and poor, 0-0.25. All P < 0.05 were considered statistically significant.

Results

Patient Characteristics

The clinical characteristics of patients are summarized in Table 2. In this study, 58 (72.5%) of the 80 PTC cases were
BRAFV 600E mutant and 22 (27.5%) were wild-type. In the BRAF MU group, there were 11 (19.0%) males and 47
(81.0%) females, with an age of 43.31+11.95. There were 6 (27.3%) males and 16 (72.7%) females, with an age of 43.73
+ 15.22 in the BRAF _WT group. There were no differences in the characteristics of patients between the two groups.

Texture Feature Selection and Model Construction

One thousand one hundred and thirty-two texture features were extracted from the T2WI and CE-T1WI images,
separately. We removed features with poor consistency (ICC < 0.75), leaving 827 features (ICC: 0.75-0.99) in the
T2WI model and 665 features (ICC: 0.75-0.99) in the CE-T1WI model. Features in the combined model were the
combination of these features. After the process of univariate logistic regression and mRMR, 6 features were selected in
the T2WI model, 7 features were selected in the CE-T1WI model, and 7 features were selected in the combined model.
These BRAF V600E mutation-related features were included in the multivariate logistic regression, finally leaving 4
predictors (1 LoG and 3 wavelet features) to construct the T2WI model, 4 predictors (1 LoG and 3 wavelet features) to
construct the CE-T1WI model, and 5 (1 first-order, 1 LoG and 3 wavelet features) predictors to construct the combined
model. Univariate, mMRM and multivariate analysis results of selected features associated with BRAFV600E mutation
are shown in Appendix 2 and Table 3.

Predictive Performance of Three Models

ROC curves of three models are shown in Figure 3. The AUCs of the T2WI model, CE_T1WI model and combined
model were 0.83 (95% CI: 0.75-0.91), 0.83 (95% CI: 0.73-0.90) and 0.88 (95% CI: 0.81-0.94), respectively. The Delong
test indicated that there was no difference between AUCs of three models (P = 0.844 for T2WI vs CE-T1WI model; P =
0.282 for T2WI vs combined model; P = 0.201 for CE-T1WI vs combined model). Table 4 shows the diagnostic
performance of three models, and the performance was verified with 10-fold cross-validation (Figure 4).

Table 2 Clinical Characteristics of Patients with PTC

Characteristic BRAF_MU BRAF_WT P value
(n=58) (n=22)
Age (years) 4331 £ 11.95 43.73 £ 15.22 0.898
Gender 0417
Male 11(19.0) 6(27.3)
Female 47(81.0) 16(72.7)
Tumor size (mm) 12.16 £ 7.16 11.78 + 6.85 0.582
Location 0.96
Left lobe 26(55.2) 10(45.5)
Right lobe 32(44.8) 12(54.5)
Lesion number 0.304
Unifocal 35(60.3) 16(72.7)
Multifocal 23(39.7) 6(27.3)
Lymphatic metastasis 0.119
Positive 35(60.3) 9(40.9)
Negative 23(39.7) 13(59.1)

Note: The data is presented as number of patients with the percentage in parentheses.

Abbreviations: PTC, papillary thyroid carcinoma; SD, standard deviation.

Journal of Multidisciplinary Healthcare 2023:16

https:

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=393993.docx
https://www.dovepress.com
https://www.dovepress.com

Zheng et al Dove

Table 3 Univariate, mMRM and Multivariate Analysis to Identify Factors Associated with Mutation

Model Variable Univariate Analysis and Multivariate Analysis
mMRM
Odds Ratio (95% CI) | P value | Odds Ratio P value
(95% CI)

T2WI model T2WI_log_sigma_3_0_mm_3D_glcm_InverseVariance 1.79 (1.10-2.91) 0.019% 1.94 (1.10-3.43) 0.022*
T2WI_wavelet_LHL_firstorder_Mean 0.61 (0.39-0.97) 0.035* 0.59 (0.35-1.02) 0.059
T2WI_wavelet_HLL_glem_ClusterShade 1.65 (1.01-2.69) 0.047* 1.47 (0.90-2.41) 0.122
T2WI_wavelet_HHL_firstorder_InterquartileRange 0.60 (0.39-0.93) 0.021*

T2WI_wavelet HHH_glem_Idm 0.64 (0.42-0.98) 0.039*
T2WI_wavelet_ HHH_gldm_LargeDependenceLowGrayLevelEmphasis 0.42 (0.24-0.76) 0.004* 0.37 (1.10-3.43) 0.002*

CE-TIWI model | CE_TIWI_wavelet_HHH_firstorder_Uniformity 0.32 (0.17-0.62) 0.001
CE_TIWI_wavelet_ LHH_gldm_LargeDependenceLowGrayLevelEmphasis | 0.15 (0.04-0.53) 0.003*
CE_TIWI_log_sigma_4_0_mm_3D_glem_Imc2 0.60 (0.37-0.37) 0.038* 0.48 (0.24-0.94) 0.033*
CE_TIWI_wavelet HLH_glcm_JointAverage 1.80 (1.09-2.98) 0.022*
CE_TIWI_log_sigma_4_0_mm_3D_glszm_ZonePercentage 0.63 (0.41-0.97) 0.034* 0.46 (0.26-0.80) 0.006*
CE_TIWI_wavelet_LHH_glszm_LargeArealowGrayLevelEmphasis 0.38 (0.18-0.82) 0.014* 0.37 (0.18-0.76) 0.007*
CE_TIWI_wavelet_HHL_glem_Idm 0.52 (0.32-0.84) 0.008* 0.47 (0.24-0.90) 0.023*

Combined T2WI_wavelet_ HHH_gldm_LargeDependenceLowGrayLevelEmphasis 0.45 (0.26-0.80) 0.006* 0.10 (0.01-1.04) <0.001*

model CE_TIWI_wavelet_HHH_firstorder_Uniformity 0.36 (0.19-0.67) 0.001* 0.37 (0.17-0.82) 0.014*
CE_TIWI_wavelet_LHL_gldm_LargeDependenceHighGrayLevelEmphasis | 2.70 (1.09-6.67) 0.032*

CE_TIWI_wavelet_ LHH_gldm_LargeDependenceLowGraylLevelEmphasis | 2.70 (1.09-6.67) 0.032* 0.10 (0.01-1.04) 0.054
T2WI_original_firstorder_Minimum 0.65 (0.43—1.00) 0.049* 0.67 (0.39-1.16) 0.151
CE_TIWI_log_sigma_4_0_mm_3D_glem_Imc2 0.57 (0.35-0.94) 0.026* 0.16 (0.05-0.44) <0.001*
CE_TIWI_log_sigma_4_0_mm_3D_glszm_ZonePercentage 0.57 (0.37-0.88) 0.011*

Note: *P < 0.05.
Abbreviations: mMRM, minimum redundancy maximum correlation; T2WI, T2-weighted imaging; CE-TIWI, contrast-enhanced T|-weighted imaging; Cl, confidence
interval; glem, gray level co-occurrence matrix; glrlm, gray run length matrix; glszm, gray size zone matrix; gldm, gray level dependence matrix; log, Laplace of gaussian.

Discussion
In this study, we explored the value of MRI-based texture feature model for preoperative prediction of BRAF V600E
mutation status in PTC patients. Our results demonstrated that T2WI model, CE-T1WI model and combined model all

100

80

> 60
=
)
c
[]
B 40
20
B —— Combined: 0.88 (0.81-0.94)
i — CE-TAWI: 0.83 (0.73-0.90)
= —— T2WI: 0.83 (0.75-0.91)
0/ W T e S il IRt

100-Specificity

Figure 3 The receiver operating characteristic (ROC) curves of the three prediction models.
Abbreviations: T2WI, T2-weighted imaging; CE-TIWI, contrast-enhanced TIWI.
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Table 4 Diagnostic Performance of the Three Models

Model Cut off Accuracy (95% CI) Sensitivity Specificity PPV NPV
T2WI model 0.674 0.776 (0.680-0.854) 0.679 0.905 0.905 0.679
CE_TIWI model 0.573 0.755 (0.658-0.836) 0.750 0.762 0.808 0.696
Combined model 0.420 0.816 (0.725-0.887) 0.893 0.714 0.806 0.833

Abbreviations: T2WI, T2-weighted imaging; CE_TIWI, contrast-enhanced T|-weighted imaging; Cl, confidence interval; PPV, positive predictive value; NPV, negative
predictive value.

exhibit good performance, with AUCs of 0.83, 0.83 and 0.88, respectively. The accuracy, sensitivity, and NPV of
combined model were 0.816, 0.893, and 0.833 at a cut-off value of 0.420, respectively. At a cut-off value of 0.674, the
specificity and PPV of T2WI model were both 0.905. MRI-based texture feature model provides a new approach for non-
invasive and preoperative identification of BRAFV600E mutation status, helping to diagnose as well as to adjust the
treatment strategy.

BRAF V600E mutation leads to abnormal activation of the MAPK pathway. The pathway causes an increase of cell
proliferation and resistance to apoptosis, resulting in tumor development.”® The reported probability of BRAF mutations
in PTC was 56-87% in various locations, and China was the region with a high BRAF mutation rate (most of which were
V600E). The mutation rate in this study was 72.5% (58/80), similar to that in previous reported.**2® However, the
positive detection rate of FNA for thyroid cancer is low, and the risk of nodule malignancy is greatly increased if BRAF
V600E mutation is present.”’*® For PTC with BRAF V600E mutation, aggressive surgical treatment is recommended,
while BRAF V600E wild-type PTC combined with other clinical indicators can be selected for close follow-up in
addition to surgical treatment.**° The role of BRAF V600E mutation in benign-malignant discrimination, aggressive-
ness, prognosis and targeted therapy has been confirmed by various studies.®**3? Li et al** suggested that BRAF V600E
mutation test was highly recommended in mutation endemic areas. However, the BRAF V600E mutation status needs to
be obtained by puncture biopsy or postoperative pathology, and genetic sequencing is time-consuming and expensive.

Therefore, a non-invasive tool for preoperative mutation screening is required.

Model EJ CE-T1WI EJ Combined E5 T2wi

ACC || NPV || PPV |
1.00 o U |
o ; = = T
0.50- o | o
. ]
0.25+
0.00+ ° °
S
E ROC |l Sensitivity || Specificity
1.00- | |
0.50 | °
3 . |
0251 °
0.001__, . . . . . . : .
Model
Figure 4 Boxplot of 10-fold cross-validation of the three prediction models.
Abbreviations: T2WI, T2-weighted imaging; CE-TIWI, contrast-enhanced TIWI.
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Previous studies have explored morphological aspects of ultrasound images with BRAF V600E mutation-related
features. Kabaker et al'*** collected 106 PTCs >1 cm in diameter for determining whether specific ultrasound features
can reliably predict BRAF V600E mutation. They found that mutation was associated with an aspect ratio >1, blurred
borders, hypoechogenicity, micro/macrocalcifications, and absent halo. When more than 3 suspicious ultrasound features
were present, the mutation was predicted with a PPV of 82%. Lin et al*’ investigated the correlation between contrast-
enhanced ultrasound (CEUS) features and BRAF V600Estatus in patients with PTC. Centripetal and no discernible
enhancement were found to be predictive for the presence of BRAF V600E mutations, but with low specificity of 35.1%
and 40%. These morphological features are subjective in nature and highly operator dependent. As a useful tool for
modern medicine, texture analysis utilizes high-throughput mining of quantitative image features for precise diagnosis
and therapy'® and can compensate for the shortcomings of image morphology. For US-based texture analysis, all
prediction models proposed by Kwon et al'® performed moderately well in predicting the presence of BRAF V600E
mutation, with a mean AUC of 0.651. This is also true in the study by Yoon et al,® who concluded that texture features
extracted from US have limited value as non-invasive biomarkers for predicting PTC BRAF V600E mutation status
(regardless of size).

While imaging studies of thyroid cancer mainly focused on US and computed tomography (CT) images, MRI offers
excellent soft tissue contrast and is widely used in tumor diagnosis because of its non-invasive and non-radiation
characteristics. Good diagnostic value of MRI in the diagnosis of benign and malignant thyroid lesion and lymph node
metastasis has also been reported.”'** To our knowledge, this is the first study to apply MRI-based texture analysis to the
assessment of BRAF V600E mutations in patients with PTC.

MRI-based radiomics have been shown with great potential in predicting genetic mutations in tumors such
as intestinal cancer, craniopharyngioma and melanoma.*®**In the study of Song et al.*° Firstorder Minimum was
associated with tumor aggressiveness, and it was associated with BRAF V600E mutation which imply tumor
aggressiveness. In this study, first-order as well as raw texture features provided limited value, while higher-order
LoG and wavelet transformed features enhanced the details of the images and were of great significance
to this study. Three features, T2WI wavelet HHH gldm LargeDependenceLowGrayLevelEmphasis (LDLGLE)
(OR = 0.23, P < 0.001), CE TIWI log sigma 4 0 mm 3D glem Imc2 (OR = 0.16, P < 0.001) and CE-
T1WI wavelet HHH firstorder Uniformity (OR = 0.37, P = 0.014) are significant in combined model and the
first feature (OR = 0.37, P = 0.002) was also important in T2WI model. LDLGLE represent the joint distribution of
larger correlations for lower gray values, and Uniformity represents the homogeneity of the tumor which may be
related to tumor heterogeneity. CE-T1WI log sigma 4 0 mm 3D glcm Imc2represents the relevance information
metric of the GLCM.

This study had several limitations. Firstly, as a retrospective observational study, selection bias was inevitable.
Secondly, the sample size of our study was relatively small, and although a 10-fold cross-validation was used, overfitting
might still be unavoidable. Further validation groups and external validation groups will be collected in the future to
validate. Finally, this study did not cover thyroid lesions smaller than Smm. The detection of microscopic cancers may be
improved by future developments in MR technology. For patients with multiple PTC, we selected only the largest lesions.
More comprehensive studies that include multiple lesions of different sizes are needed.

In conclusion, the texture model based on extracted features from MRI images has good predictive value for BRAF
V600E mutations in PTC. It may provide a good reference for preoperative decision-making.
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