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Background: BRAF V600E mutation was proved to be associated with thyroid cancer. Papillary thyroid 
carcinoma (PTC) with positive BRAF mutation might have a more aggressive behavior. We investigated the 
correlation of the contrast-enhanced ultrasound (CEUS) features with BRAF 600VE in PTC.
Methods: The medical records of 1,199 patients with 1,315 nodules who underwent CEUS prior to fine 
needle aspiration (FNA) from January 2016 to March 2018 were retrospectively reviewed. The features 
of their enhancement were assessed from eight aspects: degree of enhancement, method of enhancement, 
homogeneity of enhancement, completeness of enhancement, boundary of the enhanced lesions, shape of 
the enhanced lesions, size of the enhanced lesions, and wash out period of the enhanced lesions. The patients 
then examined for the BRAF V600E mutation using specimens obtained from FNA.
Results: BRAF mutations were found in 888 of 1,315 nodules. The CEUS features were significantly 
different between BRAF-positive and BRAF-negative nodules. The BRAF mutation positive nodules were 
more often with larger size, hypo-enhancement, centripetal enhancement, inhomogeneous enhancement, 
complete enhancement, blurred boundary, irregular shape, and with wash out period at preoperative 
CEUS than those without BRAF mutations (P<0.001). However, no significant correlation was showed 
in Spearman’s rank correlation between the CEUS features and BRAF mutation, except for degree of 
enhancement, method pattern of enhancement, and completeness of complete enhancement. Multivariate 
analysis showed that centripetal (OR: 1.465, 95% CI: 1.129–1.903) and no significant enhancement  
(OR: 0.790, 95% CI: 0.639–0.977) were predictive for the presence of BRAF mutations. The sensitivity, 
specificity, positive predictive value (PPV) and negative predictive value (NPV) of no significant enhancement 
and centripetal enhancement of CEUS for predicting BRAF mutation were 68.3%, 40.0%, 91.6%, 11.7%, 
and 72.4%, 35.1%, 37.8%, 70.0%, respectively. 
Conclusions: Our study indicated that preoperative thyroid nodule characteristics on CEUS might serve 
as a useful tool to BRAF mutation in PTC. 
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Introduction

Papillary thyroid carcinoma (PTC) is the most common 
type of thyroid cancer and accounts for approximately 
80–85% of malignant neoplasms of the thyroid gland (1,2). 
There are many factors could underlie the prognosis of 
PTC including patient age, gender, tumor size, histological 
findings, extrathyroidal extension (ETE), clinical lymph 
node metastasis (LNM) and remote metastasis (3). 
BRAF V600E mutation was proved to be associated with 
thyroid cancer through up regulation of cell division and 
proliferation leading to tumor genesis (4,5). Furthermore, 
it was suggested that PTC harboring an activated BRAF 
mutation might have a more aggressive behavior like 
ETE, LNM, distant metastasis, advanced TNM stages, 
and cancer recurrence (6,7). Previous studies have 
established a statistically significant association between the 
BRAF mutation and tumor size, advanced clinical stage, 
multifocality, LNM, ETE, and recurrence in PTC (8-10). 

Fine-needle aspiration (FNA) is a first line diagnostic 
method for thyroid nodules. For the mutation test, cytologic 
samples from FNA are commonly used. The remaining 
materials from the needle after FNA are proved to be 
sufficient cellular material for the BRAF mutation test (11). 
However, some cytologic results such as non-diagnostic, 
indeterminate, false-negative, and false-positive results 
confuse the clinicians (12). Contrast-enhanced ultrasound 
(CEUS) is adjunct ultrasound (US) imaging technique 
that is used to differentiate benign from malignant 
thyroid nodules. Recently, some prospective studies have 
confirmed the high predictive value of CEUS in identifying 
malignancy (13-15). According to these results, we aimed 
to systematically review the relation between the BRAF 
mutation and the characteristics on CEUS. To the best of 
our knowledge, no design in this topic was reported.

Methods 

Patients

This study was approved by the institutional review board at 
the Second Affiliated Hospital Zhejiang University School 
of Medicine and waived the need for informed consent 
based on the retrospective design. We reviewed the medical 
records of 1,315 cytopathologically-proven, conventional 
PTC patients who had undergone fine needle aspiration 
(FNA) from January 2016 to March 2018. 

US, CEUS and FNA

US and CEUS examination were performed by radiologists 
with 5–20 years of experience in thyroid ultrasound, 
using a 3–9 MHz transducer (Esaote MyLab 90, Esaote 
Group, Genova, Italy) equipped with a contrast-specific, 
continuous-mode software for CEUS. Sulphur hexafluoride 
(SonoVue®, Bracco International, Milan, Italy), was used 
as ultrasound contrast agent in this study. Every CEUS 
record of thyroid nodule persists 3 min. The contrast 
enhancement patterns of the lesions were assessed from 
the following eight aspects: (I) size of the enhanced lesions: 
larger and similar; (II) degree of enhancement: non-
enhancement, hypo-enhancement, iso-enhancement, 
and hyper-enhancement.(no significant enhancement : 
enhancement was lower or similar to the surrounding 
gland; hyper-enhancement: enhancement was greater than 
the surrounding gland); (III) patterns of enhancement: 
centripetal enhancement, centrifuge enhancement and 
diffused enhancement; (IV) homogeneity of enhancement: 
inhomogeneous  enhancement  and homogeneous 
enhancement;  (V) completeness of  enhancement: 
incomplete enhancement and complete enhancement; 
the so called complete enhancement refers that the entire 
lesion were filled with contrast medium, while incomplete 
enhancement refers that the lesion appear region without 
contrast agent filling in; (VI) wash out period: with wash 
out period and non-wash out period; (VII) boundary of the 
enhanced lesions: blurred and well defined; (VIII) shape of 
the enhanced lesions: irregular and regular. 

Ultrasound guided FNAs were performed by the same 
radiologists with at least 5 years of experience in thyroid 
nodule FNA. Each nodule underwent FNA without suction 
with the freehand technique. At least four needle passes 
were required in order to obtain adequate specimens. The 
number of needle passes depended on the quality of slides 
assessed by pathologist immediately. Samples obtained with 
23-gauge needles were expelled on glass slides, smeared, and 
placed immediately in 95% ethyl alcohol for Papanicolaou 
staining. The remaining materials were rinsed in saline for 
cell-block processing. Samples obtained from the other 
passages were assessed for molecular testing. 

Pathological examination and BRAF mutation analysis

The FNA specimens were microscopically examined by an 
experienced pathologist. To distinguish bilaterality from 
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multiplicity, we defined multiplicity as more than two 
lesions of conventional PTC in one lobe, regardless of the 
presence of bilaterality.

BRAF mutat ion analys is  was performed at  the 
Molecular Diagnostics Laboratory of the Second Affiliated 
Hospital Zhejiang University School of Medicine. DNA 
samples for molecular analysis were extracted from 
FNA specimens. Based on the BRAF sequence, the 
PCR primers were designed, including forward primer 
(5'-TCATAATGCTTGCTCTGATAGGA-3') and reverse 
primer (5'-GGCCAAAAATTTAATCAGTGGA-3'). The 
detection kits were provided by Amoy Diagnostics Co., 
Ltd. The sequencing of PCR products was performed 
using a LightCycler 480 II (Roche Diagnostics, Germany) 
after DNA extraction and PCR amplification. The Cycle 
threshold (Ct) value was also obtained. The Ct value of 
sample less than 28 was defined as positive, while equal to 
or greater than 28 was negative. And the amplification curve 
was also assessed to estimate the amplification signal.

Statistical analysis

The SPSS for Windows version 13.0 software package 
(SPSS Inc., Chicago, IL) was used for statistical data 
analysis. Continuous data are presented as mean (standard 
deviation) and compared by using Student’s t  test. 
Categorical data are presented as percentages and compared 
using the Chi-square test and the Pearson chi-squared 
test. The rankings of valuable indicators were compared 
according to the odds ratios (ORs). All risk ultrasound 
features that proved to be statistically significant on Chi-
square test were analyzed to assess independent association 
with BRAF mutations using multivariate logistic regression.

Results

The mean age of the 1,199 PTC patients (316 males and 
883 females) was 44.8±12.4 years (range, 18–77 years), and 
the mean tumor size was 0.83±0.51 cm (range, 0.2–4.5 cm). 
Papillary thyroid microcarcinoma (PTMC) measuring <1 cm 
in size was observed in 1,008 cases (76.7%). Four patients 
(0.3%) had multiple tumors on one lobe, whereas 116 
patients (8.8%) had bilateral conventional PTC (Table 1). 

BRAF V600E mutation was found in 888 of 1,315 
nodules (67.5%). The difference of contrast enhancement 
patterns between BRAF-positive and BRAF-negative 
nodules was shown in Table 2. The differences of contrast-
enhancement patterns between BRAF-positive and BRAF-

negative nodules in eight aspects were all statistically 
significant (P<0.001). Most contrast-enhancement patterns 
of PTCs with positive BRAF mutation were irregular, 
blurred, no significant enhancement, inhomogeneous 
enhancement, complete enhancement and with larger size 
(Figure 1). 

However, no significant correlation was showed in 
Spearman’s rank correlation between the CEUS features 
and BRAF mutation, except for degree of enhancement, 
method of enhancement, and completeness of enhancement 
(Table 2). Multivariate analysis showed that centripetal 
(OR: 1.465, 95% CI: 1.129–1.903) and no significant 
enhancement (OR: 0.790, 95% CI: 0.639–0.977) were 
predictive for the presence of BRAF mutations, while the 
size, homogeneity, completeness, wash-out, boundary, and 
shape showed no significant differences between positive 
BRAF mutation PTCs and negative BRAF mutation PTCs 
(Table 3). The sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV) of hypo-
enhancement and centripetal enhancement for predicting 
BRAF mutation were 68.3%, 40.0%, 91.6%, 11.7%, and 
72.4%, 35.1%, 37.8%, 70.0%, respectively.

Discussion

PTC is the most common cancer of thyroid and has an 
overall favorable prognosis with an average 10 years survival 
rate of 93% (8). Despite of the excellent prognosis for 
most patients with PTC, a small percentage of patients 
experience a more aggressive course of disease (16-18). The 
BRAF V600E mutation composed of a T to A transversion, 
which is found in up to 73.4% of PTCs (19) and results in 
the substitution of valine for glutamate at position 600. The 
V600E mutant BRAF constitutively activates the MAPK 
pathway to stimulate the tumorigenesis. The BRAF V600E 
has emerged as a promising diagnostic as well as prognostic 
indicator of PTC since its initial discovery. Several studies 
have shown that BRAF V600E mutation is an indicator 
of poor disease prognosis because it’s association with 
advanced disease stage and cancer recurrence (19-21). It has 
also been reported that the BRAF V600E mutation could 
increase not only the aggressive nature of tumor but also 
the recurrence and mortality rates of PTC (22). Therefore, 
preoperative determination of BRAF V600E mutation was 
thought to be useful in determination of the management 
and operative strategy. 

US has been proved to be vital in diagnosing thyroid 
disease (12-14,23). Previous studies have also shown 
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the correlations between the aggressive clinical factors 
underlying the BRAF mutation and PTC. It was reported 
that extra-thyroidal extension, multifocality, lymph node 
metastasis, and advanced TNM were associated with 
the BRAF V600E mutation in PTC (24). These results 
suggested the researchers to work on accurate ways to 
diagnose PTC including the BRAF mutational analysis. 
Therefore, there is a great need for more accurate 
preoperative risk stratification systems to inform the BRAF 
mutation of patients with PTC. 

This study examined whether BRAF V600E was 
associated with CEUS features in PTC. BRAF V600E is 
only observed in anaplastic carcinoma such as PTC, and 
not in other thyroid cancers, including follicular carcinoma 
(8,9). In this study, we only focused on conventional 
PTC. Most PTCs with BRAF mutation in our study were 
more often with larger size, no significant enhancement, 
centripetal, homogeneous, completely enhanced, blurred 
boundary, irregular shape, and with wash out period at 
preoperative CEUS than those without BRAF mutations 
(P<0.001). However, only centripetal, completely enhanced, 

and irregular shape were showed significant correlation in 
Spearman’s rank correlation between the CEUS features 
and BRAF mutation. The pathological sections of malignant 
nodules revealed the number of sinusoids was much more 
than that in benign lesions (25). BRAF was proved to play a 
key role in cell proliferation, differentiation, and apoptosis. 
Thus, BRAF mutation positive may influence the number 
of tumor vascular bed, which displayed as centripetal 
enhancement. Several studies have found that enhancement 
patterns of thyroid nodules were closely related to lesion 
size. The nodules smaller than 1cm presented no significant 
and complete enhancement (5,26). In this study, 1,008 
(76.6%) PTCs were smaller than 1 cm. Additionally, the 
tumors with BRAF mutation invaded outward easily, which 
might induce the irregular shape.

We also performed a multivariate analysis and revealed 
that centripetal (OR: 1.465, 95% CI: 1.129–1.903) and no 
significant enhancement (OR: 0.790, 95% CI: 0.639–0.977) 
were predictors for the presence of BRAF mutations. 
The vascular bed of PTC is immature when the tumor 
is small. The pressure of blood vessels increases due to 

Table 1 Clinicopathologic factors related to BRAF mutation in 1,199 patients with PTC

Clinicopathologic factors BRAF (+) BRAF (−) χ2/t-test P Spearman P

Age (years) 791 408 0.608 0.436 0.099 0.001

Mean ± SD 43.8±12.0 46.7±13.0 <0.001

≤45 433 180

>45 358 228

Sex 791 408 268.1 <0.001 −0.052 0.074

Male 195 121

Female 596 287

Tumor size (cm) 888 427 22.2 <0.001 0.031 0.264

Mean ± SD 0.82±0.49 0.86±0.56 <0.001

<1.0 688 320

≥1.0 200 107 

Multiplicity 134.7 <0.001 0.040 0.151

Absent 884 427

Present 4 0

Bilaterality 158.2 <0.001 0.108 0.001

Absent 791 408

Present 97 19

PTC, papillary thyroid carcinoma.
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Figure 1 US of a thyroid nodule in a 38-year-old male who underwent fine-needle aspiration. Longitudinal US images demonstrating a 
hypoechoic nodule in the left thyroid gland (A). The nodule was hypoenhanced on CEUS (B). The cytology was papillary carcinoma and 
BRAF V600E (+). CEUS, contrast-enhanced ultrasound.

Table 2 The difference of contrast enhancement patterns between BRAF-positive and BRAF-negative nodules 

CEUS features BRAF (+) BRAF (−) χ2 P Spearman P

Size of the enhanced lesions 22.2 <0.001 0.019 0.491

Larger 391 180

Similar 497 247

Degree of enhancement 1,556.7 <0.001 0.042 0.131

Significant enhancement 75 50

No significant enhancement 813 377

Method of enhancement 113.8 <0.001 0.077 0.005

Centripetal 336 128

Nonconcentric 552 299

Homogeneity of enhancement 51.0 <0.001 -0.024 0.392

Inhomogeneous 364 164

Homogeneous 524 263

Completeness of enhancement 1,115.2 <0.001 0.087 0.002

Incomplete 25 27

Complete 863 400

Wash out period 673.3 <0.001 -0.010 0.730

With wash out period 129 58

Non-wash out period 759 369

Boundary of the enhanced lesions 595.6 <0.001 0.032 0.248

Blurred 750 350

Well-defined 138 77

Shape of the enhanced lesions 1,049.9 <0.001 0.077 0.006

Irregular 851 394

Regular 37 33

A B
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Table 3 Multivariate analysis of CEUS features with BRAF mutation in PTC

CEUS features BRAF (+) BRAF (−) OR (95% CI) P 

Size of the enhanced lesions (larger) 391 180 1.050 (0.828–1.332) 0.687

Degree of enhancement (no significant enhancement) 813 377 0.790 (0.639–0.977) 0.030

Method of enhancement (centripetal) 336 128 1.465 (1.129–1.903) 0.004

Homogeneity of enhancement (inhomogeneous) 364 164 0.806 (0.617–1.053) 0.113

Completeness of enhancement (complete) 863 400 2.010 (0.619–6.525) 0.245

Wash out period (with wash out period) 129 58 0.814 (0.576–1.149) 0.242

Boundary of the enhanced lesions (blurred) 750 350 1.030 (0.702–1.510) 0.880

Shape of the enhanced lesions (irregular) 851 394 1.073 (0.398–2.897) 0.889

CEUS, contrast-enhanced ultrasound; PTC, papillary thyroid carcinoma.

the compression of proliferating tumor cells, which also 
hinders the blood supply in tumors. With the increase of 
cancer volume, a large number of angiogenesis is induced 
by angiogenesis factors. Therefore, PTMC is characterized 
by poor blood supply and uneven distribution of cancer 
cells results in uneven enhancement (27-29). In this study 
the pattern of no significant enhancement showed well 
PPV (91.6%) in predication of BRAF mutation. Given the 
prognostic impact of BRAF mutation, these results suggest 
that PTCs with centripetal and no significant enhancement 
patterns of CEUS seem to be associated with BRAF 
mutation, and also with a worse prognosis.

However, there are truly some limitations in this 
study. First, it’s a retrospective analysis. A bias toward 
larger tumors might exist, because these would be more 
readily available for collection and genetic analysis. This 
limitation also allows for a selection bias toward patients 
with better-documented disease. A prospective well-
designed study was need for the more accurate assessment 
of the relation between the CEUS features and BRAF 
mutations. Additionally, this study is based on FNA results. 
FNA findings were interpreted as non-diagnostic in 
approximately 10% to 30% of FNA results (30-32). Our 
previous study showed that the sensitivity and specificity of 
BRAF V600E from FNA was 80% and 100% (33). Further 
study with pathology results would be essential in the 
future. Thirdly, BRAF mutation was proved to be associated 
with PTC. However, conventional papillary carcinoma and 
follicular papillary carcinoma are different disease in the 
clinical aspect and cytological structure. Thus, the rule of 
BRAF mutation for differentiation of malignancy according 
to pathological type should be studied someday.

In summary, our study indicates that CEUS features 
correlate with BRAF mutation, and CEUS might serve as a 
useful tool to BRAF mutation in PTC. 
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