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Background: The preoperative identification of BRAF mutation could assist to
make appropriate treatment strategies for patients with papillary thyroid
microcarcinoma (PTMC). This study aimed to establish an ultrasound (US)
radiomics nomogram for the assessment of BRAF status.

Methods: A total of 328 PTMC patients at the China-Japan Friendship Hospital
between February 2019 and November 2021 were enrolled in this study. They
were randomly divided into training (n = 232) and validation (n = 96) cohorts.
Radiomics features were extracted from the US images. The least absolute
shrinkage and selection operator (LASSO) regression was applied to select the
BRAF status-related features and calculate the radiomics score (Rad-score).
Univariate and multivariate logistic regression analyses were subsequently
performed to identify the independent factors among Rad-score and
conventional US features. The US radiomics nomogram was established and
its predictive performance was evaluated via discrimination, calibration, and
clinical usefulness in the training and validation sets.

Results: Multivariate analysis indicated that the Rad-score, composition, and
aspect ratio were independent predictive factors of BRAF status. The US
radiomics homogram which incorporated the three variables showed good
calibration. The discrimination of the US radiomics nomogram showed better
discriminative ability than the conventional US model both in the training set
(AUC 0.685 vs. 0.592) and validation set (AUC 0.651 vs. 0.622). Decision curve
analysis indicated the superior clinical applicability of the nomogram compared
to the conventional US model.
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Conclusions: The US radiomics nomogram displayed better performance than
the conventional US model in predicting BRAF mutation in patients with PTMC.

KEYWORDS

Nomogram, ultrasound (US), radiomics, BRAF mutation, papillary thyroid
microcarcinoma (PTMC)

Introduction

Papillary thyroid cancer (PTC) is the main contributor to the
rapidly rising incidence of thyroid malignancies worldwide (1).
Approximately 40%-50% of PTC is composed of papillary
thyroid microcarcinomas (PTMCs), which are defined as the
maximum diameter of tumors less than or equal to 10 mm (2).
Although the majority of PTMCs are known to have indolent
disease progression and excellent outcomes (3), some patients
with high-risk features do have aggressive tumor behavior,
including local recurrence and metastasis (4). For clinically
low-risk PTMC patients, defined as the absence of
extrathyroidal extension (ETE), lymph node metastasis
(LNM), and distant metastasis, the standard management
varies differently in clinical practice, and active surveillance
has emerged as an alternative to surgical resection (3, 5).
Nevertheless, some patients with clinically low-risk PTMC still
show recurrence in the later course, resulting in a
poor prognosis.

BRAF mutation is the most common genetic alteration in
PTC (6), which has been proven to drive aggressive tumor
behavior. Abundant studies revealed that BRAF mutation was
independently correlated with recurrence and metastasis of
PTMC, which can be introduced as a genetic prognostic
indicator for PTMC patients (5, 7-9). In that case, the
preoperative diagnosis of the BRAF mutation can help identify
high-risk PTMC patients and plan more aggressive
treatment strategies.

Fine-needle aspiration (FNA) is the most commonly used
technique to diagnose BRAF mutation in preoperative
evaluation (10). However, current guidelines do not
recommend FNA for nodules with a diameter less than
10 mm (11-13). Although some patients presented with high-
risk thyroid nodules on ultrasound, they would not be suggested
to do the FNA due to the small diameter of the nodules. Some
patients might choose conservative surveillance and still have
unclear BRAF mutation status. Therefore, if BRAF mutation
status can be determined in the preoperative examination,
further FNA and gene sequencing could provide more critical
information for risk stratification and surgical planning.

Ultrasound (US) is the primary imaging technique for the
evaluation of thyroid nodules (14). Several studies have
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investigated whether conventional US features could predict
the presence of the BRAF mutation in PTMC and have
reported controversial results, which might be due to
limitations of the conventional US image, such as high
dependency on the radiologist’s experience and interobserver
variation (15). Radiomics, which automatically extracts
innumerable high-dimensional features from images, has
recently emerged as a novel method to acquire more
information from image material. Radiomics analyses based on
US images have been utilized to predict molecular properties in
various cancers, including PTC (16, 17). To our knowledge,
there are no published studies aimed at identifying the presence
of BRAF mutation in PTMC using US radiomics features.
Therefore, this study was conducted in order to explore the
association between BRAF mutation status and radiomics
features and develop a US radiomics nomogram for the
prediction of preoperative BRAF mutation for PTMC patients.

Materials and methods
Patient selection

Between February 2019 and November 2021, consecutive
patients from the China-Japan Friendship Hospital were
included. This retrospective study was approved by the
Institutional Review Board of China-Japan Friendship
Hospital. The inclusion criteria of this study were detailed as
follows: 1) the target nodule was pathologically confirmed as
PTG; 2) the largest size of the target nodule was less or equal to
10 mm; 3) the US image of the targeted tumor in the longest axis
was available; and 4) the BRAF mutation test was performed and
acquired a specific diagnostic result. The exclusion criteria were
as follows: 1) the pathological and BRAF mutation status of the
target tumor was uncertain; 2) the patient previously underwent
thyroidectomy, radiofrequency ablation, or radiotherapy; and 3)
concomitant with other types of thyroid malignancies or other
variants of gene mutation. The final analyzed cohort consisted of
328 patients with PTMC. According to the gene mutation status,
the patients were divided into two groups: BRAF (+) and BRAF
(=). By using the “createDataPartiton” function in R (version
3.6.3), the discovery cohort was divided into training and
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validation sets with a ratio of 7:3. All the included patients were
finally classified into training (n = 232) and validation (n = 96)
cohorts. Patients’ information about age, gender, and
conventional US features was collected from medical records.

BRAF mutation analysis

US-guided FNAs were performed by an experienced
radiologist with more than 20 years of experience in FNA for
thyroid nodules. At least three repeated aspirations were
performed in different directions. Samples obtained with 23-
gauge needles were sent for cytological examination. The
remaining tissue was flushed into normal saline and used for
BRAFV®°* mutation analysis. Genomic DNA was extracted
from FNA specimens using Amony® BRAF Mutation
Detection Kit (V2) (ADx-BR02) provided by Amoy
Diagnostics Co., Ltd. (Xiamen, China). Mutations of
BRAFY®"F were analyzed by a next-generation sequencing
(NGS) method. This was followed by a real-time fluorescence
polymerase chain reaction-amplification refractory mutation
system (PCR-ARMS).

US image acquisition and
feature evaluation

US examinations were performed by radiologists with 5-
20 years of experience in thyroid US evaluation. These
examinations were performed with a 5-14-MHz transducer
(Siemens, ACUSON Sequoia, Siemens Medical Solutions USA,
Inc. Malvern, USA). US images were stored digitally as Digital
Imaging and Communications in Medicine (DICOM) in axial and/
or sagittal planes of the thyroid nodules for subsequent evaluation.

All the US images were independently reviewed by two
experienced radiologists to assess the US features in a single-
blind manner. They did not know whether there was BRAF
mutation of the target nodule when evaluating the US features.
The two radiologists made final decisions by consensus when
discordant cases occurred. The conventional US features include
shape (regular, irregular), margin (smooth, rough), aspect ratio
(=1 or<l1), calcification (absent or present), halo (absent or
present), location (right lobe, left lobe, isthmus), maximum
diameter of the tumor, association with the capsule
(subcapsule thyroidal or intrathyroidal), and close to the
tracheal cartilage (absent or present). The vascular
characteristics of the target tumor were classified into five
types by Frates et al. (18): 0 for no visible flow, 1 for minimal
internal flow without a peripheral ring, 2 for a peripheral ring of
flow (defined as >25% of the nodule’s circumference) with
minimal or no internal flow, 3 for a peripheral ring of flow
with a small to moderate amount of internal flow, and 4 for
extensive internal flow with or without a peripheral ring.
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Feature selection and radiomics
score establishment

The MaZda software (version 4.6, available at http://www.
eletel.p.lodz.pl/mazda/) was used for texture analysis (TA) (19).
The region of interest (ROI) was manually delineated on the
largest diameter image using the MaZda software. All the
manual segmentations were conducted by two radiologists and
one radiologist (twice) with more than 4 years of experience in
thyroid imaging who were blinded from the BRAF mutation
status (for interobserver and intraobserver reproducibility
evaluation). The interclass correlation coefficient (ICC) was
used to evaluate the interobserver and intraobserver agreement
of the feature extraction. An ICC larger than 0.80 was considered
excellent. The MaZda software allows the computation of almost
298 radiomics features, which were classified into six categories:
(1) HISTOGRAM (2) GRADIENT (3) RUN LENGTH MATRIX
(4) CO-OCCURRENCE MATRIX (5) AUTOREGRESSIVE
MODEL (6) HAAR WAVELET. The list of radiomics features
is summarized in Supplementary Table 1.

Feature selection and building radiomics score (Rad-score)
were based on the training cohort. The least absolute shrinkage
and selection operator (LASSO) logistic regression method using
10-fold cross-validation was applied to select the most useful
predictive BRAF-related features from the training cohort (20).
The Rad-score was generated using a linear combination of the
selected features weighted by the LASSO algorithm.

Development of the US
radiomics nomogram

Univariate analyses, consisting of Student’s independent ¢-
test (continuous variables) and ){2 test (categorical variables),
were used to select the risk indicators associated with BRAF
mutation. A multivariate logistic regression analysis
incorporating Rad-score and conventional US variables was
performed, using the backward step-down selection procedure
with a liberal P <0.05 as the retention criteria to select the final
indicators for BRAF mutation. Then, a US radiomics nomogram
was developed based on the multivariate analysis in the training
cohort. For comparison, a conventional US model was
developed using the independent conventional US features
alone without Rad-score. The whole procedure of the patient
enrollment and model development is illustrated in Figure 1.

Predictive performance of the US
radiomics nomogram

Calibration of the US radiomics nomogram was evaluated
using the calibration curve. The discrimination performance of
the nomogram was evaluated using the area under the receiver
operating characteristic (ROC) curve (AUC). Decision curve
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FIGURE 1

Procedure of patient selection and radiomics nomogram development. US, ultrasound; ROI, region of interest; LASSO, least absolute shrinkage

and selection operator; Rad-score, radiomics score.

analysis (DCA) was conducted to determine the clinical utility of
the US radiomics nomogram by quantifying the net benefits at
different threshold probabilities. The calibration, discrimination,
and clinical utility of the nomogram were verified in the
validation cohort. For clinical application, the predicted
probability (defined as Nomo-score) of each patient was
calculated according to the nomogram algorithm. Then, the
optimal cutoff value was determined by maximizing the Youden
index. The performance of the optimal cutoff value of the Nomo-
score was assessed by the AUG, as well as sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV).

Statistical analysis

Descriptive statistics are described as median (interquartile
range, IQR) for categorical variables and frequency (%) for
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categorical variables. Pearson’s chi-square or Fisher’s exact test
was used to compare differences for categorical characteristics.
The independent sample ¢-test was performed for continuous
factors with normal distribution, whereas the Mann-Whitney U
test was used for continuous factors without normal distribution.
Bonferroni-adjusted significance tests were applied for pairwise
comparisons. All statistical analyses were performed with R 3.6.3
software (http://www.r-project.org). The statistical tests were
two-sided, with statistical significance indicated by P-values
lower than 0.05.

Results
Baseline characteristics

A total of 328 patients with PTMC were enrolled with an
average age of 39 (IQR: 33 to 47) years and a male-to-female
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ratio of 87:241. Patients’ clinical and conventional US
characteristics in the training and validation cohorts are
summarized in Table 1. There were no differences in clinical
and US characteristics between the two cohorts (P > 0.05).
BRAF-positive [BRAF (+)] accounted for 72.4% and 70.8% of
the training and validation cohorts, respectively. BRAF-negative
[BRAF (-)] accounted for 27.6% and 29.2% of the training and
validation cohorts, respectively. There were no differences in
BRAF mutation status between the two cohorts (P = 0.877).

Establishment of the US radiomics score

The nodule under FNA and BRAF mutation was selected for
analysis. For patients with more than one nodule, only the one
under FNA and BRAF mutation was applied. The ROI was
manually drawn using the MaZda software for all the target
tumors. Favorable interobserver and intraobserver reproducibility
of feature extraction was achieved, with intraobserver ICCs ranging
from 0.783 to 0.997 and the interobserver ICCs ranging from 0.792
to 0.984. A total of 298 radiomics features were extracted from each
US image. The LASSO logistic regression method using 10-fold
cross-validation was applied to select the most useful predictive
BRAF-related features from the training cohort. A total of 298
radiomics features were reduced to four potential predictors by the
LASSO regression model (Figure 2). The Rad-score calculation
formula was presented as follows. The detailed description of
parameters in the formula is shown in Supplementary Table 1.
The Rad-scores were much higher in the BRAF (+) group in both
the training and validation sets than those in the BRAF (-)
group (Table 2).

Radiomics score (Rad-score) = 0.49815794 * Horzl_LngREmph
+ 0.32953014 * GrSkewness — 0.40707617 * Tetal + 0.00094667 *
Teta2 + 1.05750093.

Development and validation of the US
radiomics nomogram

The Rad-score, composition, and aspect ratio >1 were
identified as the three independent predictors of BRAF
mutation in PTMC patients by a multivariate logistic
regression model (Table 3). A nomogram for predicting BRAF
mutation in PTMC was built on the basis of these three key
factors (Figure 3). The AUCs confirmed a favorable
discrimination performance of the nomogram both in the
training cohort (AUC = 0.685, 95% CI: 0.610 to 0.760) and the
validation cohort (AUC = 0.651, 95% CI: 0.532 to 0.770), which
were higher than those of the conventional US model
(AUC = 0.592 for the training set, AUC = 0.622 for the
validation set). The calibration plots demonstrated optimal
consistency between the bootstrap-predicted values and the
actual observed values in the training and validation cohorts,
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indicating the appreciable reliability of the US radiomics
nomogram (Figures 4A, B). The DCA results showed a wide
field of threshold probability, supporting the favorable clinical
applicability of the radiomics nomogram in predicting positive
BRAF mutation for PTMC. Furthermore, the US radiomics
nomogram obtained more clinical net benefits than the model
based on conventional US features (Figures 4C, D).

Predicting BRAF mutation based on the
Nomo-score

The optimal cutoff value of the Nomo-score was determined
to be 1.343. The discrimination and AUC for differentiating the
presence of BRAF mutation were 0.685 (95% CI: 0.610 to 0.760)
in the training cohort and 0.651 (95% CI: 0.532 to 0.770) in the
validation cohort, respectively. The performance of the optimal
cutoff value of the Nomo-score is summarized in Table 4.

Discussion

Despite the excellent prognosis for most patients with
PTMC, a small percentage of patients potentially experience a
more aggressive course of the disease. Some of these patients
might choose conservative surveillance rather than surgical
treatment because the tumor size is small, and there are no
other high-risk clinical manifestations (21). The BRAFY®0E
mutation has emerged as a promising diagnostic as well as a
prognostic indicator of PTC since its initial discovery (6, 22). A
close association of BRAF'®*® mutation with extracapsular
infiltration of PTMC, LN metastasis, and a subsequent higher
capsular invasion rate has been reported (23, 24). In that case,
preoperative determination of BRAF mutation will effectively
assist to make more aggressive treatment strategies for high-risk
PTMC patients. The cytological examination consisting of FNA
and BRAF mutation detection was the preferred method to
diagnose genotype. Nevertheless, recent guidelines do not
recommend FNA and gene detection for patients with a
thyroid nodule less than 10 mm (14).

The accurate preoperative identification of BRAF mutation
could help plan the surgical approach and further improve the
outcomes of PTMC patients. Nevertheless, it is difficult to identify
BRAF mutation using non-invasive methods. Many previous
studies have explored the association between US features and
BRAF mutation status of PTC. Liu et al. found that BRAF'**"
mutation was associated with microcalcifications and nodule size
after the contrast-enhanced US in PTC (25). Another study showed
that a higher ACR TI-RADS score was an independent risk factor
for BRAF*™F mutation (26). The centripetal and no significant
enhancement were predictive indicators for the presence of BRAF
mutation (27). Concerning the characteristics of CEUS, one study
demonstrated that arrival time and time to peak enhancement in
CEUS were notably longer in the BRAF-positive group than in the
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TABLE 1 Clinical and US characteristics of PTMC patients in the training and validation cohorts.

Variables Training cohort (n = 232)
BRAF mutation
Negative 64 (27.6%)
Positive 168 (72.4%)
Age, median (IQR), years 39 (33, 47)
Gender
Female 175 (75.4%)
Male 57 (24.6%)
Multifocality
Negative 187 (80.6%)
Positive 45 (19.4%)

Primary site

Right lobe 119 (51.3%)
Left lobe 99 (42.7%)
Isthmus 14 (6%)

Tumor location

Intrathyroidal 139 (59.9%)

Subcapsular thyroid 93 (40.1%)
Tumor size (mm)

<5 59 (25.4%)

5-10 173 (74.6%)
Composition

Mixed cystic and solid 16 (6.9%)
Solid 216 (93.1%)
Homogeneity

Homogeneous 86 (37.1%)

Heterogeneous 146 (62.9%)
Aspect ratio >1

Absent 66 (28.4%)

Present 166 (71.6%)
Calcification

Absent 104 (44.8%)

Present 128 (55.2%)

Close to the trachea cartilage
Absent 194 (83.6%)
Present 38 (16.4%)
Vascular type

Type 0 34 (14.7%)
Type 1 54 (23.3%)
Type 2 58 (25%)
Type 3 32 (13.8%)
Type 4 54 (23.3%)
Rad-score, median (IQR) 0.97 (0.6, 1.32)

Test cohort (n = 96) P-value

0.877
28 (29.2%)
68 (70.8%)
39.5 (33, 48) 0.887
0.267
66 (68.8%)
30 (31.2%)
0.518
81 (84.4%)
15 (15.6%)
0.776
46 (47.9%)
45 (46.9%)
5 (5.2%)
0.887
56 (58.3%)
40 (41.7%)
0.889
23 (24%)
73 (76%)
0.749
5 (5.2%)
91 (94.8%)
0.875
34 (35.4%)
62 (64.6%)
0.139
36 (37.5%)
60 (62.5%)
0.356
37 (38.5%)
59 (61.5%)
0.720
78 (81.2%)
18 (18.8%)
0.440
7 (7.3%)
22 (22.9%)
29 (30.2%)
14 (14.6%)
24 (25%)
0.88 (0.61, 1.24) 0.519

US, ultrasound; PTMC, papillary thyroid microcarcinoma; Rad-score, radiomics score; IQR, interquartile range.

BRAF-negative group (15). In summary, the relevant studies based
on conventional US features are relatively few and all the
conclusions are not consistent. However, due to the insufficiency
of related studies and the inconsistent results of previous findings,
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the relationship between the US characteristics and BRAF mutation
has not been clear. It is still difficult to predict BRAF mutation based
on preoperative US features, which may be related to the high
dependence on the examiners’ experience.
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FIGURE 2

US radiomics feature selection using LASSO logistic regression model in the training cohort. (A) The tuning parameter (1) was selected using 10-
fold cross-validation via minimum criteria. Dotted vertical lines were drawn at the optimal values using the minimum criteria and 1 standard
error of the minimum criteria (1-SE criteria). A A value of 0.0273, with a log (4) value of —3.601, was obtained. (B) The vertical line was drawn at
the value selected using 10-fold cross-validation, where optimal A resulted in four non-zero coefficients. LASSO, least absolute shrinkage and
selection operator.

TABLE 2 Demographic and sonographic characteristics of PTMC patients by BRAF mutation status in the training cohort (n = 232).

Variables BRAF (-) (n = 64) BRAF (+) (n = 168) P-value

Gender 0.149
Female 53 (82.8%) 122 (72.6%)
Male 11 (17.2%) 46 (27.4%)

Multifocality 0.477
Negative 54 (84.4%) 133 (79.2%)
Positive 10 (15.6%) 35 (20.8%)

Primary site 0.864
Right lobe 32 (50%) 87 (51.8%)
Left lobe 29 (45.3%) 70 (41.7%)
Isthmus 3 (4.7%) 11 (6.5%)

Tumor location 0.729
Intrathyroidal 40 (62.5%) 99 (58.9%)
Subcapsular thyroid 24 (37.5%) 69 (41.1%)

Tumor size (mm) 0.549
<5 14 (21.9%) 45 (26.8%)
5-10 50 (78.1%) 123 (73.2%)

Composition 0.046*
Mixed cystic and solid 8 (12.5%) 8 (4.8%)

Solid 56 (87.5%) 160 (95.2%)

Homogeneity 0.499
Homogeneous 21 (32.8%) 65 (38.7%)
Heterogeneous 43 (67.2%) 103 (61.3%)

Aspect ratio =1 0.018*
Absent 26 (40.6%) 40 (23.8%)
Present 38 (59.4%) 128 (76.2%)

(Continued)
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TABLE 2 Continued

Variables BRAF (-) (n = 64)

Calcification
Absent 28 (43.8%)
Present 36 (56.2%)
Close to the trachea cartilage
Absent 55 (85.9%)
Present 9 (14.1%)
Vascular type

Type 0 12 (18.8%)
Type 1 9 (14.1%)
Type 2 14 (21.9%)
Type 3 8 (12.5%)
Type 4 21 (32.8%)

Age, median (IQR)
Rad-score, median (IQR)

39 (32.75, 46.25)
0.76 (0.51, 1.01)

10.3389/fendo.2022.915135

BRAF (+) (n = 168) P-value
0.955
76 (45.2%)
92 (54.8%)
0.696
139 (82.7%)
29 (17.3%)
0.087
22 (13.1%)
45 (26.8%)
44 (26.2%)
24 (14.3%)
33 (19.6%)
39 (34.75, 47) 0.585
1.04 (0.67, 1.39) <0.001

PTMC, papillary thyroid microcarcinoma; Rad-score, radiomics score; IQR, interquartile range. *p < 0.05.

Radiomics, a recently emerged algorithm to extract
quantitative data from image materials, has been utilized to
predict the molecular characteristics of various tumors. Yang
et al. found that the proposed CT-based radiomics signature was
associated with KRAS/NRAS/BRAF mutations in colorectal
cancer (16). A subsequent study showed that radiomics texture
features could serve as potential biomarkers for determining
BRAF mutation status and as predictors of 5-year prognostic
outcome in patients with advanced-stage colorectal cancer (28).
Concerning PTC, in two previous studies, the radiomics method
has been proposed based on preoperative US images for
evaluating BRAF mutation, which demonstrated the limited
ability to apply a US radiomics analysis in PTC (29, 30). There
are a few points to note about these two studies. Firstly, both of
these studies focused on PTC patients and not only on PTMC.
Some patients with a large diameter of PTC were originally
indicated to undergo surgical resection, whose BRAF status did
not have much clinical guiding significance. Meanwhile, the
conventional US features were not included in these two studies.
We believe that the qualitative US features were supposed to be

included in the analysis along with quantitative radiomics
parameters to improve the diagnostic yield of BRAF mutation.

This is the first study to incorporate the radiomics
parameters and conventional US features to establish a novel
model for predicting BRAF mutation in PTMC. The Rad-score,
composition, and aspect ratio 21 were identified as the three
independent predictors of BRAF mutation. It was indicated that
PTMC patients with a higher Rad-score were more likely to have
BRAF mutation. In terms of the nodules’ composition, BRAF
alteration was more common in solid lesions. This may be due to
the fact that, during the FNA procedure, obtaining satisfactory
samples to have genetic testing is easier for solid nodules,
especially for nodules less than 10 mm. We also found that
PTMC with an aspect ratio 21 was a predictive sign of BRAF
mutation. In BRAF-mutated PTC, active extracellular-regulated
kinase and active AKT kinase proteins are able to stimulate
multiple downstream signaling pathways, which ultimately
result in increased proliferation (31). It is speculated that those
changes can affect the growth pattern of the tumor, finally
leading to the taller-than-wide shape. To provide an easy-to-

TABLE 3 Independent predictive factors for BRAF mutation of PTMC based on multivariate logistic regression analysis.

Conventional US model

US radiomics nomogram

B Odds ratio (95% CI) P-value B 0dds ratio (95% CI) P-value
Intercept —-0.308 -1.058
Composition 0.861 2365 (0.810-6.868) 0.109 0.688 1.990 (0.670-5.859) 0.021
Aspect ratio >1 0.705 2024 (1.079-3.772) 0.027 0.672 1.958 (1.024-3.721) 0.041
Rad-score NA NA NA 0.990 2.691 (1.471-5.313) 0.003

PTMC, papillary thyroid microcarcinoma; CI, confidence interval; Rad-score, radiomics score; NA, not available.
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US radiomics nomogram to estimate the risk of BRAF mutation in PTMC. US, ultrasound; PTMC, papillary thyroid microcarcinoma; Rad-score,
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TABLE 4 Performance of the prediction Nomo-score for estimating
the risk of BRAF mutation.

Value Training cohort  Validation cohort
Cutoff value 1.343 1.343
Sensitivity 75.6% 55.6%
Specificity 93.8% 94.8%
Positive predictive value 96.9% 86.9%
Negative predictive value 59.4% 75.3%
Diagnostic accuracy 80.6% 78.1%

AUC (95% CI) 0.685 (0.610 to 0.760) 0.651 (0.532 to 0.770)

AUCG, area under the receiver operating characteristic curve; CI, confidence interval.

use tool in clinical practice, we illustrated a US radiomics
nomogram based on the three key factors. Our nomogram
exhibited good discrimination and calibration in the training
and validation sets. The AUC of the nomogram was 0.685 in the
training set and achieved higher predictive efficacy than the
prediction model involving the conventional US factors alone.
DCA demonstrated that the US radiomics nomogram can
improve patient BRAF prediction preoperatively.

Our study had several limitations. Firstly, this study was a
retrospective analysis which might cause a case selection bias. A
prospective well-designed study was needed for a more accurate
assessment of the relation between the radiomics features and
BRAF mutations. Secondly, the lack of external validation data
was also a limitation of this study. Our results need to be further
validated in multicenter investigations to better assess the
potential clinical use of the nomogram. Finally, the AUCs of
the US radiomics nomogram were relatively low. The reason
might be that we only included grayscale US images in the
analysis. We will add multimodal US images, including contrast-
enhanced and elastography US, to extract more radiomics
features in the subsequent study, aiming to improve the
predictive ability of the radiomics model.

Conclusion

Our study indicates that PTMC patients with a higher Rad-
score are more likely to present BRAF mutations. The
nomogram which incorporated US radiomics and
conventional US parameters might serve as a potential tool to
predict BRAF mutation and could assist clinicians to develop
individualized strategies for patients with PTMC.
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