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Abstract: Objectives: The aims of our study were to explore the preoperative diagnostic value of ultrasound elastog-
raphy combined with BRAF gene detection in malignant thyroid nodule, and find whether shear wave elastography 
(SWE) combined with BRAF gene detection can improve the diagnostic sensitivity and specificity. Methods: From 
1480 patients with thyroid nodule examined between January 2015 and December 2017, a retrospective analysis 
was performed on 161 patients who underwent thyroidectomy. Diagnosis was confirmed by postoperative pathol-
ogy, including 139 malignant thyroid nodules and 22 benign thyroid nodules. All the patients underwent SWE, BRAF 
gene detection, and the combination for their preoperative evaluation. The sensitivities, specificities, and accura-
cies of SWE, BRAF gene detection, and the combination for detection of malignant thyroid nodules were calculated 
and then compared using Fisher’s exact probability test, based on the original preoperative reports and postopera-
tive pathology. A receiver-operating characteristic curve analysis was performed to compare the diagnostic perfor-
mance of SWE, BRAF gene detection, and combination for detecting malignant thyroid nodules. Results: Based on 
the original preoperative reports and postoperative pathology, SWE, BRAF gene detection, and the combination 
showed sensitivities of 88.67%, 78.41%, 92.8%, and specificities of 72.77%, 77.27%, 95.45%. A correct diagnosis 
was obtained in 85.82%, 78.26%, 93.16% and missed diagnosis rates were 12.23%, 21.58%, and 7.19%. The 
sensitivities, specificities, and correct diagnosis rate in the combination group were significantly higher than any 
single detection method (P<0.05). The missed diagnosis rate in the combination group was significantly lower than 
any single detection method (P<0.05). The receptor operating characteristics curve analysis showed a significantly 
higher diagnostic performance for the combination than for SWE and BRAF gene detection (P<0.05). The interob-
server agreement for detecting malignant thyroid nodule was better for the combination than for SWE or BRAF 
gene detection alone. Conclusion: For the detection of a malignant thyroid nodule, SWE combined with BRAF gene 
detection was more sensitive and showed a higher diagnostic performance than SWE or BRAF gene detection alone.
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Introduction

Thyroid nodule disease is very common in many 
populations, and it was reported that the inci-
dence for younger than 65 years was 33%, and 
for older than 65 years it was 50% [1]. In recent 
years, the incidence of thyroid nodular dise- 
ase has increased, including adolescents and 
young adults [2]. The most important purpose 
of diagnostic testing is to evaluate the risk of 
malignancy in these nodules. The present rev- 
ised American Thyroid Association manage-
ment guidelines indicate that thyroid nodule 

detection rates are 5% by palpation, 19% to 
67% by ultrasound (US), and 50% by autopsy 
[3]. The majority of the nodules are benign,  
and Hegedus [4] reported that 5% to 15% are 
malignant. Therefore, how to differentiate be- 
tween malignant versus benign nodules on ini-
tial evaluation is very important for thyroid nod-
ule management and treatment.

The optimal treatment for malignant thyroid 
nodules is surgical resection, and the sooner 
the operation is performed the better. Thus, 
early differentiation between malignant versus 
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benign nodules is very important. As thyroid 
malignancies are characterized by insidious 
onset and variable biologic characteristics, the 
clinical, radiologic, and cytologic features are 
similar to benign nodules. Therefore, the preop-
erative misdiagnosis rate of malignant versus 
benign is high. At present, the differentiation 
methods are mainly thyroid ultrasound (US) 
and fine-needle aspiration biopsy (FNAB) cytol-
ogy [5]. US and FNAB are very useful modali- 
ties for determining thyroid nodules, and the 
first-line and most preferred examination. How- 
ever, many previous studies found that a large 
number of US images overlap between benign 
and malignant thyroid nodules, so this distinc-
tion by US alone is difficult [6]. Although FNA 
biopsy is the standard procedure to discrimi-
nate between malignant and benign thyroid 
nodules, it can definitively classify and with 
high sensitivity and specificity [7]. However, 
FNA is an invasive method, and the diagnostic 
performance/accuracy is based on the opera-
tor’s experience. Indeterminate and nondiag-
nostic rates are as high as 15-30% [8]. Hence, 
we need a high sensitivity, specificity, and accu-
racy method for diagnosing malignant thyroid 
nodules.

Shear wave elastography (SWE) is a new non-
invasive technology that can improve the sen- 
sitivity of thyroid cancer detection by measur-
ing the degree of distortion [9]. This technique 
is important, less operator-dependent, gives 
more valuable information on tissue elasticity, 
and is more quantitative and reproducible than 
other techniques of elastography [10]. Many 
recent studies had demonstrated that SWE  
has the important ability to differentiate benign 
from malignant thyroid nodules [11], and it also 
was recommended in the international guide-
lines published by WFUMB [12]. However, it 
remains unclear whether SWE can accurately 
diagnose malignant thyroid nodules, as the 
results were inconsistent regarding variances 
in population and sample size. 

2015 American Thyroid Association manage-
ment guidelines recommend molecular testing 
for indeterminate nodules [5]. Molecular genet-
ic testing can further verify the malignancy for 
indeterminate nodules, and reduce unneces-
sary surgery for negative molecular results. 
Research has demonstrated that gene expres-
sion classifiers can be used to distinguish 

which indeterminate nodules are malignant 
[13, 14]. Recent studies also indicated that 
BRAF mutation is better to differentiate be- 
tween malignant versus benign nodules, and 
associated with aggressive-behaving thyroid 
malignancies [13, 15]. Even though previous 
studies indicated that the BRAF mutation is 
associated with papillary thyroid carcinoma, it 
is not sensitive for other malignant tumors in a 
thyroid nodule [16].

Thus, the objective of the present retrospec- 
tive study was to evaluate the diagnostic prop-
erties of SWE combined with BRAF gene detec-
tion in the preoperative management. and sen-
sitivities, specificities, and accuracies for a 
malignant thyroid nodule as verified histologi-
cally versus benign thyroid nodules.

Materials and methods

Patient population

We conducted a retrospective cohort study 
between January 2015 and December 2017 in 
the Department of Head and Neck Surgery, 
Nanjing Medical University Hospital, China. All 
consecutive patients underwent neck sonogra-
phy using SWE and BRAF gene detection be- 
fore surgical removal. All patients underwent 
thyroid surgery, providing histologic results of 
the specimens (100%). The average duration of 
disease was 15.8 months (range 6 weeks to 
6.5 years). The inclusion criteria were as fol-
lows: (1) maximum diameter of the nodule was 
equal to or larger than 5 mm, and (2) BRAF 
gene detection and SWE results of nodules 
were complete. The exclusion criteria: (1) 
unavailable for SWE imaging or BRAF gene 
detection, (2) non-thyroid lesions such as al- 
most cystic nodules, parotid gland, and cerv- 
ical lymph node, (3) no histologic results of the 
specimens, and (4) not enough thyroid tissue 
surrounding the nodule (Figure 1).

SWE examination and ElastograPhy Score

Ultrasonography and SWE were performed  
preoperatively using the SuperSonic Aixplorer 
and a linear probe (4-9 MHz). All examination 
results were obtained by two radiologists (YMS 
and MS) blinded to the result of histopathology 
and who had more than 10 years of experience 
in BRAF gene detection by thyroid US and 5 
years of elastography experience. All patients 
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were lying in a supine position with the neck 
slightly extended to explore the nodule better. 
Thyroid morphology, size, and boundary condi-
tions were recorded, and the thyroid nodule 
size, boundary, internal echo, calcification, as- 
pect ratio, color blood flow, and Elastography 
Score (ES). were evaluated carefully. Tran- 
sverse and longitudinal sectional elasticity dia-
grams were performed for each thyroid nodule 
by ES, which were classified from 1 to 3, based 
on the degree of strain in the hypoechoic le- 
sion. The scoring criteria were as follows: (1) 
score 0: the entire lesion was cystic with virtu-
ally nonsolid components, depicted as red, 
blue, and green mixture; (2) score 1: the lesion 
had a green area over the entire lesion; (3) 
score 2: Most of the lesion was green (green 
area > 50%); (4) score 3: The blue color was 
dominant in the lesional area (the blue area 
was 50%-90%); (5) score 4: The lesion was 
almost covered in blue (blue area > 90%) [17]. 
The higher ES and hardness of a thyroid no- 
dule predicted a higher level of malignancy. 
Mostly, ES greater or equal to 3 points indicat-
ed malignant nodules, and ES less than 3 
points indicated benign nodules. 

(b+d)*100%, Missed diagnosed rate = c/
(a+c)*100%. a was true positive, b was false 
positive, c was false negative, and d was true 
negative. Qualitative variables were presented 
in the form of frequencies and percentages. 
Categorical variables were analyzed by χ2-test 
and Fisher’s exact test was performed for the 
nominal variables. We determined the sensitiv-
ity, specificity, PPV, and NPV of SWE imaging or 
BRAF gene detection taking pathologic results 
as the gold standard. The optimal cutoff for dif-
ferentiating benign nodules from malignant 
ones was determined using the receiver oper-
ating characteristic (ROC) curve. A two-tailed P 
value of <0.05 indicated significance.

Results

In this study, a total of 161 neck lesions from 
161 patients were included. 38 patients were 
men and 123 were women, and their mean age 
was 42.5±14.1 years (range, 31-76 years). 
None of them had previous thyroid US and 
BRAF gene detection. All patients received 
ultrasonography, SWE, and BRAF gene detec-
tion before the operation. All patients had thy-
roid surgery with malignant or benign thyroid 

Figure 1. CONSORT diagram of the study.

BRAF gene detection

FNA was performed under 
ultrasound guidance, using 
very fine needles (25G/27G), 
without aspiration. FNA sam-
ples were smeared, Diff-Quik-
stained, and evaluated on-site. 
DNA samples were subjected 
to BRAF mutational analysis 
utilizing the BRAF Codon 600 
Mutation Analysis Kit II. The 
specific operation flow follow- 
ed the manufacturer’s proce- 
dures. 

Statistical analysis

All data were analyzed using 
SPSS version 22.0 (SPSS, 
Chicago, IL, USA). Sensitivity 
was = a/(a+c)*100%, Specif- 
icity = d/(b+d)*100%, Positive 
predictive value (PPV) = a/
(a+b)*100%, Negative predic-
tive value (NPV) = d/(c+d)* 
100%, Misdiagnosis rate = b/
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nodules confirmed pathologically, including 
139 malignant thyroid nodules and 22 thyroid 
nodules. 

In the present study, the postoperative patho-
logic examination confirmed 139 malignant 
thyroid nodules. 122 patients had a correct 
diagnosis by SWE examination, 17 patients had 
missed diagnosis. 109 patients had correct 
diagnosis by BRAF gene detection, 17 patients 
had missed diagnosis. 129 patients had a cor-
rect diagnosis by SWE examination combined 
with BRAF gene detection, 10 patients had 
missed diagnosis. Postoperative pathologic ex- 

amination confirmed 22 benign thyroid nod-
ules. 16 patients had correct diagnosis by SWE 
examination, 6 patients had misdiagnosis. 17 
patients had correct diagnosis by BRAF gene 
detection, 5 patients had misdiagnosis. 21 
patients had correct diagnosis by SWE exami-
nation combined with BRAF gene detection, 1 
patient had misdiagnosis (Table 1). Typical 
cases can be seen (in Figures 2-5). 

The sensitivity of SWE was 87.76%, specificity 
was 72.72%, PPV was 95.31%, NPV was 
48.48%. The correct diagnosis rate was 
85.71%, misdiagnosis rate was 27.27%, and 

Table 1. Results of SWE, BRAF, a combination, and postoperative pathologic results

Pathologic results Case
SWE BRAF Combination

Positive Negative Positive Negative Positive Negative
positive 139 122 17 109 30 129 10
negative 22 6 16 5 17 1 21
total 161 128 33 114 47 130 31

Figure 2. Images in a 47-year-old woman who underwent routine check-up. A right thyroid nodule with an irregular 
margin, hypoechogenicity, solid, with no calcification was found by grayscale US and assessed as a malignant 
nodule. The score of elastography was 3. The result of BRAF gene detection was malignant nodule after FNA. This 
thyroid nodule was diagnosed as papillary thyroid carcinoma at post-operative pathologic examination.
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missed diagnosis rate was 12.23%. The sensi-
tivity of BRAF gene detection was 78.41%, 
specificity was 77.27%, PPV was 95.61%, and 
NPV was 36.17%. Correct diagnosis rate was 
78.26%, misdiagnosis rate was 22.72%, and 
missed diagnosis rate was 21.58%. The se- 
nsitivity of SWE combined with BRAF gene 
detection was 92.8%, specificity was 95.45%, 
PPV was 99.23%, and NPV was 67.74%. The 
correct diagnosis rate was 93.16%, misdiagno-
sis rate was 4.5%, and missed diagnosis rate 
was 7.19%. The sensitivity, specificity, PPV, 
NPV, and correct diagnosis rate were higher 
than for BRAF gene detection or SWE. The mis-
diagnosis rate and missed diagnosis rate were 
reduced in the combination group versus any 
single examination method. The differences in 

sensitivity, NPV, and missed diagnosis rate 
were statistically significant (P<0.05) (Table  
2). 

In the distinction of malignancy, the AUC for the 
SWE was found to be 0.829 (95% CI: 0.73, 
0.927), and the cutoff point was greater than 3. 
For the BRAF gene detection, the AUC was 
found to be 0.778 (95% CI: 0.683, 0.874). For 
the SWE combined with BRAF gene detection, 
the AUC was found to be 0.941 (95% CI: 0.892, 
0.991). When we compared the AUC for three 
methods, the difference was significant, and 
this difference was statistically significant (for 
all, P<0.01). The diagnostic accuracy of the 
combination was superior to that of the SWE or 
BRAF gene detection (Figure 6).

Figure 3. Images in a 35-year-old man who underwent routine check-up. A bilateral thyroid nodule with an irregular 
margin, hypoechogenicity, solid, and calcification was found by grayscale US and assessed as a malignant nodule. 
The score of elastography was 3. The result of BRAF gene detection was benign nodule after FNA. This thyroid nod-
ule was diagnosed as benign nodule at post-operative pathologic examination.
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Discussion

This single-center retrospective study found 
that the conventional US can detect nodules 
accurately but cannot differentiate malignant 
from benign nodules. Although thyroid FNA is 
the most sensitive and specific method for pre-
operative diagnosis of thyroid malignancies 
currently, about 0.7% to 15% of thyroid nodules 
cannot be diagnosed accurately by FNA [18].  
In the present study, we confirmed that the  
sensitivity of BRAF gene detection after FNAC 
was 78.41%, specificity was 77.27%, PPV was 
95.61%, and NPV was 36.17%. Correct diagno-
sis rate was just 78.26%, misdiagnosis rate as 
high as 22.72%, and missed diagnosis rate  
was 21.58%. Besides, the limitations of FNA 

were the surgical experience of the surgeon, 
sample size, and sample being indeterminate. 
Nondiagnostic rate was 15-30% by FNA alone. 
Dong [19] confirmed that very small thyroid 
nodules (≤5 mm) may easily cause false- 
positive FNAB results, while big nodules (> 20 
mm) tend to produce false-negative FNAB 
results. 

As described above, more than 30% of FNAB 
samples were indeterminate [8, 20], after 
which most patients underwent diagnostic thy-
roid surgery as nondiagnostic nodules [21]. Th- 
is also increased the number of unnecessary 
thyroidectomies. Therefore, additional meth-
ods or techniques to enhance the sensitivity 
and specificity of the FNAB examination are 

Figure 4. Images in a 41-year-old woman who underwent routine check-up. A right thyroid nodule with characteris-
tics of a regular margin, hypoechogenicity, and cystic and solid nodule was found by grayscale US and assessed as 
a benign nodule. The score of elastography was 2. The result of BRAF gene detection was malignant nodule after 
FNA. This thyroid nodule was diagnosed as benign at post-operative pathologic examination.
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necessary, urgently needed, and important for 
clinical therapy. Molecular analysis of FNA  
samples is an effective auxiliary examination 
with high specificity and positive predictive 
value [22]. Recent studies had demonstrated 
that gene expression classifiers and gene 
mutation status may help us to differentiate 
the benign thyroid nodules from malignant thy-
roid nodules and guide the extent of initial sur-
gery [21, 23]. Many studies indicated that  
BRAF V600E mutation was associated with 
papillary thyroid cancer (PTC), and this also 
showed the aggressive tumor behavior and 
high risk of malignancy [13]. Khatami [13]  
demonstrated that BRAF V600E mutation can 
best distinguish between PTC and thyroid nod-
ules. PTC accounts for 60% of thyroid malig-
nancies. BRAF mutation has a high detection 
rate in PTC, about 29%~84%, while it is not 
expressed in a benign thyroid nodule, and is 
also rarely expressed in other pathologic types 

[24]. The mechanism by which BRAF mutation 
enhances the aggression of PTC may be by  
activating the MAPK signaling pathway [15]. In 
the present study, we also found that BRAF 
gene detection was helpful in differential diag-
nosis and in increasing the efficiency of FNAB. 
Biron [25] reported a prospective study that 
enrolled 208 patients who underwent FNAB 
and mutational testing. Results showed that 
malignant cytology or BRAFV600E were 100% 
specific for malignancy, with PPV as high as 
100%, and NPV was 89.7% for thyroid malig-
nancy for BRAF V600E. Combined with the Be- 
thesda system, BRAF V600E mutation exami-
nation can enhance the sensitivity and specific-
ity of thyroid FNAB.

SWE was developed to noninvasively evaluate 
the tissue stiffness and strain. The main adv- 
antage of SWE is being noninvasive, easy to 
operate, and suitable for routine US examina-

Figure 5. Images in a 29-year-old woman who underwent routine check-up. A right thyroid nodule with characteris-
tics of a regular margin, hypoechogenicity, and cystic and solid nodule was found by grayscale US and assessed as 
a benign nodule. The score of elastography was 1. The result of BRAF gene detection was benign after FNA. This 
thyroid nodule was diagnosed as benign nodule at post-operative pathologic examination.
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Table 2. Diagnostic efficiency of SWE, BRAF gene detection, and the combination
Group Sensitivity Specificity PPV NPV Correct diagnosis Misdiagnosis Missed diagnosis
SWE 87.76% (122/139) 72.72% (16/22) 95.31% (122/128) 48.48% (16/22) 85.82% (128/161) 28.57% (6/22) 12.23% (17/139)
BRAF 78.41% (109/139) 77.27% (17/22) 95.61% (109/114) 36.17% (17/47) 78.26% (114/161) 22.72% (5/22) 21.58% (30/139)
Combination 92.80% (129/139) 95.45% (21/22) 99.23% (129/130) 67.74% (21/31) 93.16% (130/161) 4.5% (1/22) 7.19% (10/139)
λ 12.66 4.28 3.88 11.48 5.33 4.28 12.56
P 0.002 0.118 0.144 0.003 0.069 0.118 0.002
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Figure 6. Receiver operating characteristic curves for distinguishing ma-
lignant micronodules from benign ones. SWE combined with BRAF gene 
detection (AUC = 0.941, 95% CI: 0.892, 0.991) contains the greatest area 
under the ROC curve. It was statistically significantly different from SWE 
(AUC = 0.829, 95% CI: 0.73, 0.927) or BRAF gene detection (AUC = 0.778, 
95% CI: 0.683, 0.874) alone. ROC, receiver operating characteristic; AUC, 
area under the curve.

tions. In this study, all patients underwent SWE 
examination before FNA. The sensitivity of SWE 
was 87.76%, specificity was 72.72%, PPV was 
95.31%, and NPV was 48.48%. The correct 
diagnosis rate was 85.71%, misdiagnosis rate 
was 27.27%, and missed diagnosis rate was 
12.23%. The results of this study were similar 
to those of previous studies. Wang [26] report-
ed that SWE was a very important method with 
a high sensitivity of 84.62%, a specificity of 
78.45%, and an accuracy of 80.36% in thyroid 
nodules. Kagoya [27] also indicated that the 
sensitivity and specificity were 73% and 64% 
for predicting cancer, and 90% sensitivity and 
50% specificity for a benign thyroid nodule. 
Many previous studies indicated that SWE  
was a useful technique for distinguishing malig-
nancy, or that it could replace the FNAB or 
reduce the number of unnecessary FNABs [28]. 
Likewise in our study, we found that sensit- 
ivity and the correct diagnosis rate of SWE was 
higher than FNAB combined with BRAF gene 
detection, and missed diagnosis rate was 
lower. 

an AUC of 0.985, a sensitivity of 92.80%, and a 
specificity of 95.45%. Hence, our results indi-
cate that using both SWE technique and BRAF 
gene detection before the operation was a reli-
able method to differentiate between benign 
and malignant nodules. Similar studies are very 
rare. Jiang [29] and Hahn [30] also confirmed 
that SWE technology or BRAF gene detection 
alone could not be used as an independent 
diagnostic method. Many previous studies 
demonstrated that a combination of examina-
tion methods could improve the specificity and 
sensitivity in differentiating between benign 
and malignant thyroid nodules [31]. 

However, there were some limitations to our 
study. First, this was a retrospective analysis, 
lacking contrast. Secondly, the sample size of 
benign thyroid nodules was small, and we hope 
to increase the number of benign thyroid nod-
ules sampled in future studies. In the future, a 
larger multicenter, randomized, controlled trial 
study is needed to evaluate combined use of 

SWE and BRAF gene detection 
are important diagnostic tech-
niques for thyroid nodules and 
used for differential diagnosis 
of benign and malignant dis-
eases with high sensitivity, 
specificity, and accuracy, while 
the missed diagnosis rate and 
misdiagnosis rate were high 
for a single examination tech-
nique alone. In this study, we 
also evaluated the sensitivity, 
specificity, correct diagnosis 
rate, missed diagnosis rate, 
and misdiagnosis rate by SWE 
techniques and BRAF gene de- 
tection before the operation. 
As we expected, the sensitivity, 
specificity, and correct diagno-
sis rate were enhanced signifi-
cantly versus a single tech-
nique alone. The missed dia- 
gnosis rate and misdiagnosis 
rate in the combination group 
were decreased significantly 
compared to a single detection 
method. The diagnostic value 
of SWE technique combined 
with BRAF gene detection led 
to the highest accuracy, with 
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ultrasound elastography and BRAF gene detec- 
tion.

Conclusions

The application of SWE technology and BRAF 
gene detection may enhance the sensitivity, 
specificity, and correct diagnosis rate, and 
decrease the missed diagnosis rate and misdi-
agnosis rate. This approach also showed a 
higher diagnostic performance and may help to 
differentiate between benign and malignant 
thyroid nodules prior to operation, which can 
reduce unnecessary operations.

Disclosure of conflict of interest

None.

Address correspondence to: Min Lu, Department  
of Digestive, Nanjing Lishui District Hospital of 
Traditional Chinese Medicine, Nanjing 211200, 
China. E-mail: 3552601959@qq.com

References

[1]	 Reiners C, Wegscheider K, Schicha H, Theis-
sen P, Vaupel R, Wrbitzky R and Schumm-Drae-
ger PM. Prevalence of thyroid disorders in the 
working population of Germany: ultrasonogra-
phy screening in 96,278 unselected employ-
ees. Thyroid 2004; 14: 926-932.

[2]	 Raze T, Lacour B, Cowppli-Bony A, Delafosse P, 
Velten M, Trétarre B, Defossez G, Hammas K, 
Woronoff AS, Ganry O, Plouvier S, Coureau G, 
Guizard AV, Bara S, Monnereau A, Daubisse-
Marliac L, Troussard X, D’Almeida T, Baldi I, 
Bouvier V, Boissel N, Clavel J and Desandes E. 
Cancer among adolescents and young adults 
between 2000 and 2016 in France: incidence 
and improved survival. J Adolesc Young Adult 
Oncol 2020; [Epub ahead of print].

[3]	 Cooper DS, Doherty GM, Haugen BR, Kloos RT, 
Lee SL, Mandel SJ, Mazzaferri EL, McIver B, 
Pacini F, Schlumberger M, Sherman SI, Stew-
ard DL and Tuttle RM. Revised American Thy-
roid Association management guidelines for 
patients with thyroid nodules and differentiat-
ed thyroid cancer. Thyroid 2009; 19: 1167-
1214.

[4]	 Hegedüs L, Bonnema SJ and Bennedbaek FN. 
Management of simple nodular goiter: current 
status and future perspectives. Endocr Rev 
2003; 24: 102-132.

[5]	 Haugen BR. 2015 American Thyroid Associa-
tion Management Guidelines for adult patients 
with thyroid nodules and differentiated thyroid 

cancer: what is new and what has changed? 
Cancer 2017; 123: 372-381.

[6]	 Cantisani V, Grazhdani H, Drakonaki E, 
D’Andrea V, Di Segni M, Kaleshi E, Calliada F, 
Catalano C, Redler A, Brunese L, Drudi FM, Fu-
marola A, Carbotta G, Frattaroli F, Di Leo N, Cic-
cariello M, Caratozzolo M and D’Ambrosio F. 
Strain US elastography for the characterization 
of thyroid nodules: advantages and limitation. 
Int J Endocrinol 2015; 2015: 908575.

[7]	 Kwak JY and Kim EK. Ultrasound elastography 
for thyroid nodules: recent advances. Ultraso-
nography 2014; 33: 75-82.

[8]	 Dudea SM and Botar-Jid C. Ultrasound elastog-
raphy in thyroid disease. Med Ultrason 2015; 
17: 74-96.

[9]	 Park AY, Son EJ, Han K, Youk JH, Kim JA and 
Park CS. Shear wave elastography of thyroid 
nodules for the prediction of malignancy in a 
large scale study. Eur J Radiol 2015; 84: 407-
412.

[10]	 Tanter M, Bercoff J, Athanasiou A, Deffieux T, 
Gennisson JL, Montaldo G, Muller M, Tardivon 
A and Fink M. Quantitative assessment of 
breast lesion viscoelasticity: initial clinical re-
sults using supersonic shear imaging. Ultra-
sound Med Biol 2008; 34: 1373-1386.

[11]	 Zhang FJ, Han RL and Zhao XM. The value of 
virtual touch tissue image (VTI) and virtual 
touch tissue quantification (VTQ) in the differ-
ential diagnosis of thyroid nodules. Eur J Radi-
ol 2014; 83: 2033-2040.

[12]	 Cosgrove D, Barr R, Bojunga J, Cantisani V, 
Chammas MC, Dighe M, Vinayak S, Xu JM and 
Dietrich CF. WFUMB guidelines and recom-
mendations on the clinical use of ultrasound 
elastography: part 4. thyroid. Ultrasound Med 
Biol 2017; 43: 4-26.

[13]	 Khatami F, Larijani B, Heshmat R, Nasiri S, 
Haddadi-Aghdam M, Teimoori-Toolabi L and Ta-
vangar SM. Hypermethylated RASSF1 and  
SLC5A8 promoters alongside BRAF (V600E)  
mutation as biomarkers for papillary thyroid 
carcinoma. J Cell Physiol 2020; 235: 6954-
6968.

[14]	 Ye W, Hannigan B, Zalles S, Mehrotra M, Bar-
koh BA, Williams MD, Cabanillas ME, Edeiken-
Monroe B, Hu P, Duose D, Wistuba II, Medeiros 
LJ, Stewart J, Luthra R and Roy-Chowdhuri S. 
Centrifuged supernatants from FNA provide a 
liquid biopsy option for clinical next-generation 
sequencing of thyroid nodules. Cancer Cytopa-
thol 2019; 127: 146-160.

[15]	 Krasner JR, Alyouha N, Pusztaszeri M, Forest 
VI, Hier MP, Avior G and Payne RJ. Molecular 
mutations as a possible factor for determining 
extent of thyroid surgery. J Otolaryngol Head 
Neck Surg 2019; 48: 51.



Differential diagnosis of thyroid nodule

2972	 Int J Clin Exp Pathol 2020;13(12):2962-2972

[16]	 Mostoufi-Moab S, Labourier E, Sullivan L, LiVol-
si V, Li Y, Xiao R, Beaudenon-Huibregtse S, Ka-
zahaya K, Adzick NS, Baloch Z and Bauer AJ. 
Molecular testing for oncogenic gene altera-
tions in pediatric thyroid lesions. Thyroid 2018; 
28: 60-67.

[17]	 Cho N, Moon WK and Park JS. Real-time US 
elastography in the differentiation of suspi-
cious microcalcifications on mammography. 
Eur Radiol 2009; 19: 1621-1628.

[18]	 Nell S, Kist JW, Debray TP, de Keizer B, van 
Oostenbrugge TJ, Borel Rinkes IH, Valk GD and 
Vriens MR. Qualitative elastography can re-
place thyroid nodule fine-needle aspiration in 
patients with soft thyroid nodules. A systemat-
ic review and meta-analysis. Eur J Radiol 2015; 
84: 652-661.

[19]	 Dong Y, Mao M, Zhan W, Zhou J, Zhou W, Yao J, 
Hu Y, Wang Y and Ye T. Size and ultrasound 
features affecting results of ultrasound-guided 
fine-needle aspiration of thyroid nodules. J Ul-
trasound Med 2018; 37: 1367-1377.

[20]	 Aghaghazvini L, Maheronnaghsh R, Soltani A, 
Rouzrokh P and Chavoshi M. Diagnostic value 
of shear wave sonoelastography in differentia-
tion of benign from malignant thyroid nodules. 
Eur J Radiol 2020; 126: 108926.

[21]	 Borrelli N, Ugolini C, Giannini R, Antonelli A, 
Giordano M, Sensi E, Torregrossa L, Fallahi P, 
Miccoli P and Basolo F. Role of gene expres-
sion profiling in defining indeterminate thyroid 
nodules in addition to BRAF analysis. Cancer 
Cytopathol 2016; 124: 340-349.

[22]	 Xing M, Tufano RP, Tufaro AP, Basaria S, Ewertz 
M, Rosenbaum E, Byrne PJ, Wang J, Sidransky 
D and Ladenson PW. Detection of BRAF muta-
tion on fine needle aspiration biopsy speci-
mens: a new diagnostic tool for papillary thy-
roid cancer. J Clin Endocrinol Metab 2004; 89: 
2867-2872.

[23]	 Collet JF, Lacave R, Hugonin S, Poulot V, Tas-
sart M and Fajac A. BRAF V600E detection in 
cytological thyroid samples: a key component 
of the decision tree for surgical treatment of 
papillary thyroid carcinoma. Head Neck 2016; 
38: 1017-1021.

[24]	 Frattini M, Ferrario C, Bressan P, Balestra D, 
De Cecco L, Mondellini P, Bongarzone I, Collini 
P, Gariboldi M, Pilotti S, Pierotti MA and Greco 
A. Alternative mutations of BRAF, RET and 
NTRK1 are associated with similar but distinct 
gene expression patterns in papillary thyroid 
cancer. Oncogene 2004; 23: 7436-7440.

[25]	 Biron VL, Matkin A, Kostiuk M, Williams J, Cote 
DW, Harris J, Seikaly H and O’Connell DA. Ana-
lytic and clinical validity of thyroid nodule mu-
tational profiling using droplet digital poly-
merase chain reaction. J Otolaryngol Head 
Neck Surg 2018; 47: 60.

[26]	 Wang H, Brylka D, Sun LN, Lin YQ, Sui GQ and 
Gao J. Comparison of strain ratio with elastog-
raphy score system in differentiating malig-
nant from benign thyroid nodules. Clin Imaging 
2013; 37: 50-55.

[27]	 Kagoya R, Monobe H and Tojima H. Utility of 
elastography for differential diagnosis of be-
nign and malignant thyroid nodules. Otolaryn-
gol Head Neck Surg 2010; 143: 230-234.

[28]	 Görgülü FF. Which is the best reference tissue 
for strain elastography in predicting malignan-
cy in thyroid nodules, the sternocleidomastoid 
muscle or the thyroid parenchyma? J Ultra-
sound Med 2019; 38: 3053-3064.

[29]	 Jiang Y, Li GY, Qian LX, Hu XD, Liu D, Liang S 
and Cao Y. Characterization of the nonlinear 
elastic properties of soft tissues using the su-
personic shear imaging (SSI) technique: in-
verse method, ex vivo and in vivo experiments. 
Med Image Anal 2015; 20: 97-111.

[30]	 Hahn SY, Shin JH, Ko EY, Bae JM, Choi JS and 
Park KW. Complementary role of elastography 
using carotid artery pulsation in the ultrasono-
graphic assessment of thyroid nodules: a pro-
spective study. Korean J Radiol 2018; 19: 992-
999.

[31]	 Han RJ, Du J, Li FH, Zong HR, Wang JD, Shen 
YL and Zhou QY. Comparisons and combined 
application of two-dimensional and three-di-
mensional real-time shear wave elastography 
in diagnosis of thyroid nodules. J Cancer 2019; 
10: 1975-1984.


