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Abstract
Objectives: Ultrasound-guided fine-needle aspiration (FNA) is the most accurate and economical means for the differential diagnosis of thyroid
nodules, but false negative results also existed. This study aimed to predict the false negative results of FNA, reduce the missed diagnosis and
improve the current management strategy of thyroid nodules.
Methods: A total of 1232 consecutive patients with thyroid nodules who received FNA and BRAF V600E detection were adopted. All patients
received both CUS (conventional ultrasound) and SWE (shear wave elastography) examinations and characteristics of these thyroid nodules were
analyzed to evaluated the diagnostic performances of risk factors for malignancy.
Results: Finally, 26 nodules with benign cytology and BRAF V600E mutations were enrolled. Undefined boundary, microcalcification and E max
ratio > 1.49 were risk factors for malignancy (P<0.05), and the area under the receiver operating curve (ROC) of above CUS features and elastic
value were 0.817 (95% CI: 0.617, 0.940), 0.792 (95% CI: 0.588, 0.925) and 0.792 (95% CI: 0.617, 0.940) respectively. The sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV) and accuracy were 80.0%, 83.3%, 94.1%, 55.6% and 80.7% for undefined boundary,
75.0%, 83.3%, 93.8%, 50.0% and 76.9% for microcalcification and 75.0%, 83.3%, 93.8%, 50.0% and 76.9% for E max ratio > 1.49 respectively. There
was no difference between benign and malignant nodules in the patient age, sex and nodule sizes (P>0.05).
Conclusions: Undefined boundary, microcalcification and E max ratio > 1.49 were risk factors for malignancy in benign cytology nodules. When
FNA results were benign but above characteristics could be found in the thyroid nodules with BRAF V600E mutation, further clinical decisions
should be carried out to reduce the missed diagnosis.

Introduction
CUS examinations play an important role in the diagnosis of thyroid nodules based on five imaging features: solid composition, hypoechogenicity,
taller-than-wide shape, irregular margins and microcalcifications[1]. Typical ultrasound characteristics were scored and aided decision-making or
guided about FNA[2]. Considerate result was demonstrate on previous research that more accurate from FNA procedures performed using US
guidance[3].
Fine needle aspiration (FNA) is the preferred procedure in the evaluation of thyroid nodules when sonography indicated malignancy, especially
with features of most accurate and cost-effective and the diagnostic accuracy has improved when combined with FNA. However, there were
approximately 25% of thyroid nodules could not be diagnosed by FNA[4]. Results of FNA benign cytology still carry the risk of malignancy up to
3% and molecular markers (BRAF, RAS, Pax8-PPARg, or galectin-3) can be used to make further guidance according to ATA guidelines[5]. Among
the malignant thyroid tumors, papillary thyroid carcinomas (PTC) are the most common and the molecular marker of BRAF V600E mutations can
be found in 87% PTC.
The molecular diagnosis method for PTC has been increasingly developed and especially highlighted by BRAF V600E, which is a typical and
specific genetic marker that can enable effective preoperative evaluations and accurate postoperative treatment[6]. BRAF V600E has been
indicated to have superiority in predicting the incidence of morality for patients with lymph node metastasis[7][8]. The combination of
morphological evaluations, FNA and BRAF V600E detection significantly increased the diagnostic sensitivity from 77.3 to 86.7% of PTC over that
of FNA alone[9]. A retrospective study also reported that BRAF mutations can predict malignancy in AUS/FLUS thyroid nodules and do better
surgical decision[10]. However, molecular marker testing was only recommended for cytology undetermined cases up to now and benign nodules
with cytology findings were not required to be tested for BRAF V600E mutations in American Thyroid Association (ATA) guidelines[5]. So far, there
is no method to help find out malignant tumors in nodules with benign FNA results.
US elastography is also promising for identifying thyroid nodules suspected to be malignant during the noninvasive examination[11]. The basic
imaging fundamental ability of SWE is to contrast the stiffness between benign and malignancy because the latter supposedly being harder and
showed on quantitative or qualitative results. SWE was recognized as an available means for differential diagnosis of thyroid nodule with the AUC
of 0.808 in maximum value[12]. In recent years, with the increasingly appearance of thyroid nodules with undetermined cytology, SWE, as a
supplementary method, had performed the high sensitivity when acquiring the cut-off value of 3.3KPa and reduced repeated FNA for benign[13].
Samir et al also reported that SWE can be used to identify malignancy using a lower 22 kPa cut-off value in 35 nodules with FNA indeterminate
results[14].
Our study retrospectively analyzed the CUS and SWE characteristics of those nodules with benign cytology and BRAF V600E mutation, aiming to
find out the suspicious malignant nodules from benign cytology lesions before surgeries and reduce the false negative diagnoses of FNA and the
missed diagnoses of thyroid cancer and improve the current management strategy of thyroid nodule FNA.

Materials And Methods
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Patients
This retrospective study was authorized by the ethics committee of the Shanghai Tenth Hospital and complied with the Declaration of Helsinki.
Informed consent of patients for this study were waived. From December 2016 to February 2018, 1232 consecutive patients with 1232 thyroid
nodules were studied. The flow chart with specific inclusion and exclusion criteria is shown in Fig. 1. Eligible patients met the following criteria: (1)
aged of 18 years or older; (2) FNA and BRAF V600E tests were performed;(3)CUS and SWE were examined before FNA; (4) surgical pathology
results or follow-up more than one year with FNA results. The excluded criteria were as followed: (1) no surgical or FNA result; (2) FNA results with
class I, III, IV, V, or VI subcategories; (3) BRAF600E mutation tests results were wild type; (4) incomplete information from the US and SWE images.
Finally, 26 thyroid nodules from 26 patients with benign FNAB results and positive BRAFV600E gene results were included.

US and 2D SWE examinations
The same high-frequency linear transducer (SuperSonic imagine, Aix-en-Provence, France; 4–15 MHZ transducer) was applied in the CUS and
SWE examinations from December 2016 to February 2018. Four physicians with over three years of experience on performing the following
examinations. For CUS, the patients’ necks should be fully exposed. At least six images were saved, including two grayscale images, two color
Doppler images and images recording the size of the target nodule in the longitudinal and transverse planes. Before switching to SWE, a relaxed
patient neck was essential for acquiring successful images. SWE was conducted by clearly visualizing and centering the nodule on a grayscale
image. An appropriate sampling frame for elastography was chosen with two-thirds of which was occupied by the target nodule area, and the
other one-third was occupied by normal thyroid tissues. The elastography scale set was selected uniformly at 100 KPa. During a breath hold,
images were obtained after 3–5 seconds of stable operation with no pressure on the skin. Seven elastography images were obtained in the
longitudinal plane. To quantitatively analyze the nodules’ stiffness, the region of interest (ROI) should covered the nodules as much as possible.
The optimal images were selected by two experienced radiologists who acquired the elastic values. The image selection criteria were as follows:
(1) elastic graph assessed from a clear grayscale image; (2) clear outline of the target nodule on the elastic graph; (3) elasticity measurements
that avoided calcification and cystic components; and (4) nodules of the same depth were surrounded by adequate thyroid tissue. Four parts of
elastic values (E max, E min, E mean and E ratio) including the internal elastic values (EN max, EN min, EN mean), surrounding elastic values (ES
max, ES min, ES mean) and the ratio of internal and surrounding values(E max ratio, E min ratio, E mean ratio) were obtained for the thyroid
nodules.

US FNAB and BRAF V600E test
The appropriate path into the target nodule was guided by US. 21 G fine needles were used for aspiration under continuous US guidance.
Furthermore, cystic or calcified regions were avoided to improve the success rates of aspiration. Cytology samples were fixed immediately with
95% ethanol. Three samples were for cytology detection, and one for BRAF V600E testing. The selected tumor areas for BRAF V600E detection
were stained with hematoxylin and eosin (HE) and evaluated under a microscope. A specific kit (QIAGEN QIAamp DNA FFPE Tissue) was used to
extract DNA samples, and exon 15 of the V600E gene was detected by the Merinton SMA4000 spectrophotometer (Merinton Inc, Beijing, China).

Statistical analysis
Statistical analysis was performed by SPSS 20.0 software, and Fisher's exact test was used to evaluate categorical variables because of the
small number of specimens (n < 40). The differences between the mean values and standard deviations (SD) of continuous variables of the two
groups were analyzed by independent-sample tests if the variables were normally distributed. The Mann-Whitney U test was used if the
continuous variables did not follow a normal distribution. P-value (two-sided) < 0.05 indicated a statistically significant difference between two
sets of data. The diagnostic efficiency including sensitivity, specificity, PPV, NPV, accuracy, +LR and -LR were evaluated by ROC curves generated
by using MedCalc 19.0 software.

Results

Patient characteristics
A total of 1232 thyroid nodules from 1232 patients were received FNA and BRAF600E detection from December 2016 to February 2018. Among
them, 534 nodules were confirmed to be benign by cytology. After excluding the 498 nodules without BRAF V600E mutation, there were 36
nodules with benign cytology and BRAF V600E mutations. Among them, ten nodules were lost to follow-up. Two patients did not received surgery
due to cardiac insufficiency according to the medical records, and 8 patients had been lost to follow-up. Eventually, 26 patients (26 males/0
females; mean age, 51.8 ys/SD, 11.6 ys; range from 31 to 72 ys) with 26 nodules were included in the retrospective study. The initial cytology
results of these 26 patients were benign. Twenty-two thyroid nodules were removed by surgeries. Four patients had benign FNA results and were
followed up for more than one year. The pathology results confirmed these nodules as nodular goiter in 2 (8%) patients, papillary microcarcinoma
in 18 (84%) patients and papillary carcinoma in 2 (8%) patients.

CUS characteristics
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The basic information and CUS features were summarized in Table 1 and Table 2. The CUS features showed that the undefined boundary (P =
0.010) and microcalcification (P = 0.018) were meaningful for differentiating between benign and malignant thyroid nodules, with areas under the
ROC curve of 0.817 (95% CI: 0.617, 0.940) and 0.792 (95% CI: 0.588, 0.925) respectively. The sensitivity, specificity, PPV, NPV, accuracy, +LR and LR were calculated and were 80.0%, 83.3%, 94.1%, 55.6%, 80.7%, 4.790 and 0.240 for undefined boundary and 75.0%, 83.3%, 93.8% 50.0%, 76.9%,
4.491 and 0.300 for microcalcification respectively. Of the 26 nodules, five (83%) benign nodules had clear boundaries, and 16 (80%) of the 20
malignant nodules had undefined boundaries. Additionally, only one of the benign nodules had microcalcification and fifty nodules (75%) had
microcalcification in malignant nodules. The size, position, patient age, and sex of nodules were not significantly different between benign and
malignant groups.
Table 1
Basic information of the benign and malignant nodules
Characteristic

Benign nodules

Malignant nodules P-Value

Age (mean) (y)

58.2 ± 8.2

49.9 ± 11.9

Men

0

0

Women

6

20

Maximum diameter (mm)

7.0 ± 3.1

6.9 ± 3.7

Undefined boundary

1

0.127

Sex

0.010

Yes
No

0.976

16
5

4

Irregular shape

0.112

Yes

3

17

No

3

3

L/T ratio

0.921

<1

5

17

>1

1

3

Halo sign

0.585

Yes

0

2

No

6

18

Echogenicity

0.723

Hyper

0

1

Iso

0

0

Hypo

6

18

Markedly Hypo

0

1

Microcalcification

0.018

Yes

1

15

No

5

5

Blood flow

0.168

Yes

5

5

No

7

9

Yes

0

0

No

6

20

Lymphatic metastasis
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Table 2
Predictive value of conventional CUS features in 26 thyroid nodules
US features

Benign

Malignant

(n = 6)

(n = 20)

Boundary

5

4

Defined

1

16

1

15

5

5

Pvalue*

+LR

0.010

4.790

-LR

Sensitivity

Specificity

PPV

NPV

Accuracy

AUC
(95%CI)

0.240

80.0%

83.3%

94.1%

55.6%

80.7%

0.817

(16/20)

(5/6)

(16/17)

(5/9)

(21/26)

(0.617,0.940)

75.0%

83.3%

93.8%

50.0%

76.9%

0.792

(15/20)

(5/6)

(15/16)

(5/10)

(20/26)

(0.588,0.925)

Undefined
Micro
calcification
Yes

0.018

4.491

0.300

No
*Difference between the two groups (‘‘Benign’’ and ‘‘Malignant’’).

SWE characteristics
The elastic parameters including E max, E min and E mean of the thyroid nodules and surrounding tissues were obtained from the elastic graphs.
There were no significant differences in E max, E min, E mean and E ratio parameters between the benign and malignant groups as shown in
Table 3. Additionally, based on the cutoff values analyzed in ROC, EN max, EN min, EN mean, E max ratio, E min ratio and E mean ratio were
divided into binary variable with the cutoff values of 25.8KPa, 13.5 KPa, 21.5 KPa, 1.49, 1.20 and 1.21 respectively. E max ratio with the cutoff
value of 1.49 was meaningful for differentiating between benign and malignant thyroid nodules (p = 0.018) and showed the areas under the ROC
curve of 0.792 (95% CI: 0.617, 0.940). The sensitivity, specificity, PPV, NPV, accuracy, +LR and -LR were calculated and were 75.0%, 83.3%, 93.8%,
50.0%, 79.6%, 4.491 and 0.300. There were no differences between the benign and malignant groups in EN max, EN min, EN mean, EN min ratio
and EN mean ratio (Table 4).
Table 3
The SWE characteristics of the thyroid nodules and surrounding tissues
SWE parameter

Benign thyroid nodules (kPa)

Malignant thyroid nodules (kPa)

P-Value*

EN

26. 56 ± 6.74

35.59 ± 16.71

0.214

ES

22.01 ± 9.08

18.69 ± 12.23

0.426

ER

1.29 ± 0.30

1.91 ± 0.76

0.066

EN

14.63 ± 6.54

14.93 ± 7.29

0.928

ES

12.23 ± 5.64

11.83 ± 4.76

0.863

ER

1.44 ± 1.07

1.37 ± 0.82

0.853

EN

20.65 ± 4.82

22.86 ± 9.98

0.608

ES

16.95 ± 5.35

14.60 ± 5.50

0.366

ER

1.26 ± 0.27

1.60 ± 0.55

0.165

E max

E min

E mean

EN: elastic values of the thyroid nodule.
ES: elastic values of the surrounding thyroid tissues.
ER: the elastic value ratio between benign and malignant nodules.
*Difference between the two groups (‘‘Benign’’ and ‘‘Malignant’’).
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Table 4
Predictive value of SWE parameters in 26 thyroid nodules
SWE
parameter

Benign

Malignant

Pvalue*

+LR

(n = 6)

(n = 20)

E max

3

≤ 25.80

-LR

Sensitivity

Specificity

PPV

NPV

Accuracy

AUC

6

0.332

1.400

0.600

70.0%

50.0%

82.4%

33.3%

65.4%

0.600

3

14

0.529

1.124

0.750

(14/20)

(3/6)

(14/17)

(3/9)

(17/26)

(0.391,0.785)

>25.80

2

5

0.332

1.651

0.674

75.0%

33.3%

78.9%

28.6%

65.4%

0.542

E min

4

15

0.018

4.491

0.300

(15/20)

(2/6)

(15/19)

(2/7)

(17/26)

(0.337,0.737)

≤ 13.55

4

9

55.0%

66.7%

84.6%

30.8%

57.6%

0.608

>13.55

2

11

(11/20)

(4/6)

(11/13)

(4/13)

(15/26)

(0.399,0.792)

E mean

5

5

75.0%

83.3%

93.8%

50.0%

76.9%

0.792

(15/20)

(5/6)

(15/16)

(5/10)

(20/26)

(0.617,0.940)

(95%CI)

≤ 21.50
>21.50
E max ratio
≤ 1.49
>1.49

1

15

0.248

1.801

0.599

60.0%

66.7%

85.7%

33.3%

61.5%

0.633

E min ratio

4

8

0.112

1.700

0.300

(12/20)

(4/6)

(12/14)

(4/12)

(16/26)

(0.423,0.812)

≤ 1.20

2

12

85.0%

50.0%

85.0%

50.0%

76.9%

0.675

>1.20

3

3

(17/20)

(3/6)

(17/20)

(3/6)

(20/26)

(0.465,0.844)

E mean
ratio

3

17

≤ 1.21
>1.21
*Difference between the two groups (‘‘Benign’’ and ‘‘Malignant’’).

Discussion
FNA has become the predominant method for preoperative diagnosis of thyroid nodules with the risk of malignancy according to Thyroid Imaging
Reporting and Data System (TI-RADS) classification. FNA were performed, and then the cytology results were graded according to Bethesda
System for Reporting Thyroid Cytopathology. The cytology reporting system had good coherence in large groups of patients, with 89%– 95% of
samples being acceptable; 55%– 74% of samples were benign, and 2%– 5% were malignant[15]. However, the false negative rate for benign
thyroid nodules in cytology is still as high as 5%[16]. The risk of malignancy (0–3%) also exists, even for cytology benign nodules (class II),
especially if the nodule had suspicious malignant features. Similarly, twenty of 534 cytology benign nodules were pathologically confirmed
malignancy in our study and the false negative rate accounted for 3.7%. Under the guidance of the current FNA strategy, these malignant nodules
with benign cytological results might be missed without further treatment[15].
The combined FNA and BRAF V600E tests were well known to effectively improve the diagnostic accuracy, especially for predicting the results of
atypia or follicular lesion of undetermined significance (AUS/FLUS) cytology samples and had a high specificity[17]. The BRAF V600E test was
proposed to refine the risk of malignancy, and surgical management would change based on the presence of positive results[18]. In a metaanalysis, the findings suggested that better risk stratification and treatment options were possible for MPTC with BRAF V600E mutations than
those without BRAF V600E mutations[19]. For thyroid nodules found to be benign with FNA cytology, it was unpractical and did not meeting the
ATA guideline to do BRAF V600E test. However, thirty-six nodules of 534 nodules with benign FNA results were confirmed as positive results of
BRAF V600E in our data, and the application of the BRAF(V600E) test is expensive and not available in clinical[5]. How to find out the suspicious
nodules in the cytological benign nodules and reduce the false negative rate of FNA before operation is an important problem. Our study
retrospectively analyzed whether SWE and CUS features can be used to improve to find out suspicious nodules with benign cytology results and
then combined BRAF V600E mutation results to reduce the number of preoperative missed diagnosis.
SWE, an available noninvasive method, has been widely used for qualitative and quantitative analysis. Throughout the years that SWE was in
development, Carmela Asteria already reported that US elastography was promising for identifying potentially malignant thyroid nodules[14].
Many subsequent prospective and retrospective studies had interpreted the diagnostic efficacy of elastic assessments for benign and malignant
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thyroid nodules with both qualitative and quantitative modes and two-dimensional and three-dimensional techniques[20]. Elastography of ARFI
also showed the special diagnostic superiority in thyroid nodules less than 10 mm[21]. To date, few research has assessed the diagnostic value of
SWE in identifying thyroid nodules with benign cytology and positive BRAF V600E results. Based on our study, we concluded that SWE parameter
with E max ratio > 1.49 was significant factor for malignancy in thyroid nodules with benign cytology. It was consistent with previous researches
that the ratio of elastic parameters (VTI area ratio) can be used to predict the malignancy of thyroid and also consistent with our results[22].
However, there is no statistical difference (p = 0.214) in benign and malignant nodules although the elastic value with SWE max of malignant
nodules is higher than that of benign nodules (35.59 ± 16.71vs26. 56 ± 6.74) and the results was conflict with previous researches which
confirmed that SWE max was an important predictor of benign and malignant nodules[23].
In our study, 22 (85%) nodules had a maximum diameter less than 10 mm, and the number of nodules with a maximum diameter less than
10 mm was not significant between benign and malignant nodules (83% vs 86%). The part of the reason for the FNA misdiagnosis might be that
several cells of the thyroid nodule cytology sample were unable to reflect the morphology of the nodule tissue and that of the adjacent to the
surrounding tissues. Nodule size may also be one of the factors that account for the accuracy of FNA[24][25]. Additionally, the pathological
results showed that 18 of 20 PTCs were MPTCs, which was considered an FNA omission due to the small diameter of the cancer. Although there
were missing positive results with FNA, the thyroid nodules with suspicious US features were recommended for genetic tests since the mutation of
BRAF V600E might be a prognostic factor of MPTC[26]. According to the ATA guidelines, nodules with class III or IV cytology results cannot be
classified. Several studies had been reported that the malignancy of thyroid nodules with AUS/FLUS could be predicted by suspicious US features
(irregular margins, taller-than-wide shape, marked hypo echogenicity or microcalcification), which increased the cancer risk to 60–90%[27].
Moreover, the number of suspicious US features can predict the malignancy of thyroid nodules that had benign FNA results but were
pathologically proven to be malignant[28]. In our research, suspicious US features with undefined boundary and microcalcification can be
suggestive of malignancy, therefore BRAF V600E gene detection is necessary for these thyroid nodules with above malignant features, even if the
cytological results were benign.
There were two patients with benign cytology and preoperative BRAF V600E mutations, but the histology results were benign. Both nodules in
these two patients showed a solid component. one nodule had an undefined boundary, and the other nodule extended from the isthmus but had a
clear boundary. There were two reasons for this situation in the analysis, one was that the FNA BRAF V600E test was false positive before surgery;
the other was that the nodule gene was mutated, but the cellular tissue morphology had not changed significantly and cannot be diagnosed
malignant by histology[29].
There were some limitations in our study. First, the sample of this retrospective study was relatively small and only 26 thyroid nodules were
included. There are fewer cases to make it unclear that the p value of E max ratio was 0.066. Second, of the 10 patients who were lost to followup, 8 patients could not be contacted and 2 patients could not be operated because of failed cardiac function assessment. the loss of 10 thyroid
nodules may influence the accuracy of the risk-stratification assessment. Third, the small diameters with 85% nodules that were less than 10 mm
were important factors for the false negative results of FNA and SWE parameter although no significant differences of elastic diagnostic efficacy
between nodule size in other research[21]. However, we need more cases and prospective studies to verify our results especially the performances
of SWE in future studies.

Conclusions
Undefined boundary, microcalcification and E max ratio > 1.49 were risk factors for malignancy in thyroid nodules with benign cytology. When the
FNA results were benign but the above three characteristics could be found in the thyroid nodules with BRAF V600E mutation, further clinical
decisions should be carried out. The results of this study will be helpful to improve the current FNA strategy of thyroid nodules.
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micro papillary thyroid carcinoma; PPV : positive predictive value; NPV: negative predictive value; FNA: fine-needle aspiration; ROI: region of
interest; SD: standard deviations; TI-RADS: Thyroid Imaging Reporting and Data System; ATA: American Thyroid Association
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Figure 1
Process for including nodules and the histopathology examination results.
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Figure 2
Images of a 36-year-old woman with PTC and negative FNA results. (a) CUS showed unclear boundaries in the longitudinal planes. (b) CUS
showed the micro calcification in the transverse planes.
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Figure 3
Images of a 59-year-old woman with PTC and negative FNA results. (a) CUS showed irregular shape and L/T ratio<1 in the transverse plane. (b)
The hardness of the nodule was showed on elasticity diagram and the comparison of SWE parameters between the thyroid nodules and
surrounding normal tissue was equally matched. E max ratio showed the value > 1.49. (c) The initial cytology diagnosis was benign by US FNA
(HE stain, magnification 4X10). (d) The final pathological result of this nodule was PTC (HE stain, magnification 10X10).
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Figure 4
ROC curves showing the performance of US features with the undefined boundary and microcalcification and SWE parameter with E max ratio >
1.49 in evaluating malignant thyroid nodules with areas under the ROC curve of 0.817 (95% CI: 0.617, 0.940; P=0.010), 0.792 (95% CI: 0.588,
0.925; P=0.018) and 0.792 (95% CI: 0.617, 0.940; P=0.018) respectively.
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