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Abstract: Objective: To explore the value of the KWAK Thyroid Imaging Reporting and Data System (KWAK-TIRADS),
elasticity score (ES), and Bethesda System for Reporting Thyroid Cytopathology (BSRTC) in the diagnosis of suspi-
cious thyroid nodules. Materials and methods: The study included 392 cases of TI-RADS category 4 thyroid nodules
that underwent thyroidectomy between January 2017 and October 2019. All patients underwent ultrasonography,
ultrasound elastography, and fine-needle aspiration cytology (FNAC) before surgery. The nodules were classified into
different categories based on the KWAK-TIRADS, ES, and BSRTC. Patients were divided into two groups based on
postoperative pathological characteristics. The sensitivity (Se), specificity (Sp), and area under the receiver operat-
ing characteristic (ROC) curve were calculated. Student’s t-test and Pearson chi-square test were used to compare
diagnostic performance. Results: There were 159 patients in the benign group and 233 in the malignant group.
The percentage of malignant nodules in KWAK-TIRADS categories 4a, 4b, and 4c were 44.3%, 64.8%, and 92.9%,
respectively. The percentages of malignant nodules in ES 2, 3, 4, and 5 were 0%, 37.1%, 93.8%, and 100%, re-
spectively. The percentage of malignant nodules in BSRTC levels |, II, lll, IV, V and VI were 57.1%, 2.8%, 9.9%,
76.6%, 99.1%, and 100%, respectively. Among those methods, the BSRTC had better diagnostic efficiency than
the KWAK-TIRADS and ES (Sp 81.1%, Se 93.6%, and AUC 0.918, P<0.01). Among the combined methods, KWAK-
TIRADS+ES+BSRTC was more effective than KWAK-TIRADS+ES, KWAK-TIRADS+BSRTC, and ES+BSRTC (Sp 93.7%,
Se 91.4%, and AUC 0.967, P<0.01). Conclusion: The combination of KWAK-TIRADS, ES, and BSRTC can improve the
accuracy of identifying category 4 thyroid nodules.
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Introduction

Thyroid nodules are a common clinical problem
with a prevalence of 19% to 68% in the general
population [1, 2], and approximately 7% to 15%
of thyroid nodules are cancerous, accounting
for 96% of all new endocrine cancers [3, 4]. The
5-year survival rate of tumors restricted to the
thyroid can reach 99.8%, while that of tumors
with distant metastasis is only 57.3% [5], sug-
gesting that a good prognosis of thyroid tumors
depends on early diagnosis and treatment.
Currently, conventional thyroid ultrasonography

is widely used in the screening and differential
diagnosis of thyroid nodules due to its noninva-
siveness, affordability, convenience and repro-
ducibility [6, 7]. To standardize the classifica-
tion of thyroid nodules, Horvath [8] first pro-
posed the Thyroid Imaging Reporting and Data
System (TI-RADS) based on multiple ultrasonic
features in 2009. To date, many guidelines
have been established for interpreting thyroid
ultrasound images [9]. However, the features of
atypical thyroid nodules may overlap on con-
ventional ultrasonography, especially for those
of TI-RADS category 4 [10, 11], making it diffi-
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cult to accurately discriminate benign and ma-
lignant lesions. Therefore, improving the accu-
racy of preoperative diagnosis has become the
primary task of clinicians.

The stiffness of tissue indicates the pathology
of nodules to some extent [12]. Clinically, the
surgeon usually makes a preliminary assess-
ment of the lump after physical examination,
and the stiffness of the tumor will be roughly
classified as soft, medium, or hard. However,
palpation results are susceptible to differen-
ces in nodule size, location, and examiner ex-
perience [13]. In recent years, ultrasound elas-
tography has been widely used to measure the
stiffness of solid tumors and to distinguish
between benign and malignant lesions [14]. It
is based on a phenomenon wherein soft tis-
sues are more likely to deform after being com-
pressed, and such deformations can be shown
in images through color coding, which are used
to reflect nodule stiffness information [15]. At
present, this technology has been generally ap-
plied in liver, breast, prostate and other tumor
explorations. In addition, studies have report-
ed that ultrasound elastography complements
conventional thyroid ultrasonography through
diagnostic stiffness information that increases
the specificity and positive predictive value of
the technique [16-20]. However, because of the
ambiguity associated with the examiner’s sub-
jectivity and the characteristics of the nodules,
ultrasound elastography has some limitations
in the diagnosis of atypical thyroid nodules.

Although noninvasive examination can differ-
entiate the vast majority of thyroid nodules, it
has limitations in detecting thyroid microcarci-
noma or ultrasound indeterminate nodules.
For such suspected nodules, fine-needle aspi-
ration cytology (FNAC) can usually determine
their pathologic malignant characteristics at
an early stage, which will facilitate early treat-
ment. To address terminology and other issues
related to thyroid FNAC, the National Cancer
Institute proposed the Bethesda System for
Reporting Thyroid Cytopathology (BSRTC) in
2007 [21], which has a high positive predictive
value (97%-99%) for malignant FNAC interpre-
tation. Nonetheless, a clear pathologic diagno-
sis may be impossible in nearly 15% of biop-
sied nodules due to insufficient material. The
combination of noninvasive and invasive ex-
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aminations may be beneficial for surgeons to
make accurate diagnoses for suspected nodu-
les.

In this study, we analyzed the ultrasound and
puncture results of 392 TI-RADS category 4
thyroid nodules and sought a better diagnos-
tic method for screening suspected malignant
lesions requiring puncture, thereby improving
the accuracy of preoperative diagnosis and bet-
ter guiding clinical treatment.

Materials and methods
Subjects

Patients with thyroid nodules treated surgically
in our hospital from January 2017 to October
2019 were included. In this initial cohort, only
patients meeting the following criteria were
included: 1. Thyroid nodules with 1~4 of the
following five suspicious ultrasonic features -
“solid nodules, hypoechoic or extremely hy-
poechoic, irregular boundary, microcalcifica-
tion, taller-than-wide shape” - based on the
classification standard of TI-RADS proposed
by Kwak et al [22]; 2. Conventional thyroid
ultrasonography, ultrasound elastography and
FNAC performed before surgery; and 3. Cy-
tologic results as well as a final diagnosis of
the nodules based on postoperative patho-
logy. The exclusion criteria were as follows: 1.
Surgery for hyperthyroidism; 2. Previous his-
tory of neck radiation or surgery; and 3. Thyroid
nodules that do not meet the standard of
KWAK-TIRADS. Thyroid nodules were divided
into two groups according to the final patholo-
gy. Finally, 346 patients (392 nodules) were
included, 159 in the benign group and 233 in
the malignant group. There were 54 males and
105 females in the benign group, who were
aged 38 to 77 years with an average of
51.2+14.7 years. There were 58 males and
175 females in the malignant group, who were
aged 24 to 73 years with an average age of
41.6+18.3 years.

All patients were informed of the purpose and
significance of the scientific research project
and signed informed consent forms. The stu-
dy was approved by the Ethics Committee of
the Affiliated Hospital of Hangzhou Normal
University.

Int J Clin Exp Pathol 2020;13(5):1159-1168



Differential diagnosis of TI-RADS category 4 thyroid nodules

Table 1. Scoring methods for different tests

and the rest of the

Method of checking

lesion was green; 4.

Inspection )
Score The lesion was red

results

KWAK-TIRADS classification

Elastography score (ES)

Bethesda System For Reporting Thyroid Cytopathology (BSRTC)

overall;, and 5. The

4a 1 .
b 5 !espn and surround-
ing tissue were red. ES
4c 3 4 or 5 nodules were
1 1 diagnosed as malig-
2 2 nant lesions, and nod-
3 3 ules of ES 3 or less
4 4 were benign.
5 5
FNAC was performed
I 1 by an experienced sur-
I 2 geon, and the patho-
Il 3 logic smear was clas-
v 4 sified by two outstan-
\Y; 5 ding pathologists. Ac-
Vi 6 cording to the BSRTC,

Instruments

Philips EPIQ 5 (Holland), Philips IU 22 Colour
Doppler Ultrasound System (Holland) and GE
LOGIQ 7 or 9 (America) devices were used for
ultrasonic examination. A Japanese octagonal
cell puncture needle with a diameter of 18 G
and a length of 5 cm was used for FNAC.

Methods

Conventional thyroid ultrasonography was per-
formed by two excellent ultrasonologists. They
classified the thyroid nodules according to the
KWAK-TIRADS classification and elasticity sco-
re [13] and were blinded to any other informa-
tion about the patient. If there was any incon-
sistency in the results, a second review was
conducted, and consensus was reached throu-
gh discussion. According to the KWAK-TIRADS
classification, the nodules were classified as
TI-RADS category 4a (one suspicious ultrasonic
feature), 4b (two suspicious ultrasonic fea-
tures), and 4c (three or four suspicious ultra-
sonic features). TR4b or 4c nodules were diag-
nosed as malignant lesions, and TR4a nodules
were benign. The elasticity score [13] is based
on the color-type of the real-time elastography
of the tissue, used to determine the softness
of the lesion. In our device, green represents
tissue of average hardness, red is harder than
the average hardness, and blue is softer than
the average hardness. The judgment criteria
were as follows: 1. The lesion was green over-
all; 2. The lesion had a mosaic pattern of green
and red; 3. The center of the lesion was red,
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the puncture results
are divided into 6 lev-
els: I. nondiagnostic or unsatisfactory; II.
benign; lll. atypia of undetermined significance
or follicular lesion of undetermined signifi-
cance; IV. follicular neoplasm or suspicious
for follicular neoplasm; V. suspicious for malig-
nancy; VI. malignant. BSRTC IV or V nodules
were diagnosed as malignant lesions, and nod-
ules of level lll or less were benign. If there was
any inconsistency, a second review was con-
ducted, and consensus was reached through
discussion.

The KWAK-TIRADS, ES and BSRTC scores are
shown in Table 1. Scores were assigned for
each nodule, and the total score was calcu-
lated. The highest score was 14, and the low-
est score was 3. Based on the pathologic re-
sults, the specificity and sensitivity of the indi-
vidual scoring methods and combinations of
scoring methods in the diagnosis were calcu-
lated.

Statistical analysis

Statistical data were analyzed using SPSS 22.0
statistical analysis software, and the measure-
ment data are expressed as the mean. The dif-
ferences in the basic characteristics of the
benign and malignant lesions were analyzed
by the chi-square test or Fisher’'s exact proba-
bility method. The diagnostic effects of KW-
AK-TIRADS, ES, BSRTC, and the combinations
KWAK-TIRADS+ES, KWAK-TIRADS+BSRTC, ES+
BSRTC and KWAK-TIRADS+ES+BSRTC were
compared using the McNemar chi-square test.
Receiver operating characteristic (ROC) curves
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Table 2. Various diagnostic methods and pathologic diag-

nosis of benign and malignant thyroid nodules

cases of level IV, and 1 case of level V
in the benign group (Table 2; Figures

Pathologic diagnosis

Malignancy P-value

1C, 20).

Category Benign (n) Malignant (n)  rate (%)
KWAKTIRADS 2001 Postoperative pathologic results: A
) total of 392 cases of TI-RADS cate-
4a 122 o7 44.3 gory 4 thyroid nodules were included
4b 31 57 64.8 in the study. Of the 233 cases in the
4c 6 79 92.9 malignant group, the vast majority
ES <0.01 were papillary thyroid carcinoma, ac-
2 25 0 0.0 counting for 85.4% (199/233), and
3 127 75 371 the rest were follicular thyroid carcino-
4 7 106 93.8 ma, medullary carcinoma, and un-
5 0 52 100 differentiated carcinoma. Of the 159
BSRTC <0.01 cases in the benign group, the vast
Level | 3 4 57.1 majority were nodular goiter, account-
Level Il 35 1 28 ing for 59.1% (94/159), and the rest
Level Ill 91 10 9.9 r;]ere'dt.:yrmd dadendorlna, gHismmot(Ejs
yroiditis and nodular goiter cystic
Level IV 29 95 766 lesions (Table 2; Figures 1D, 2D).
Level V 1 108 99.1
Level VI 0 15 100

Comparison of the diagnostic efficiency

The difference between benign lesion group and malignant lesion group

of the KWAK-TIRADS, ES, and BSRTC

was statistically significant (P<0.05). Abbreviations: TI-RADS = Thyroid

Imaging Reporting and Data System; ES = Elasticity score; BSRTC =

Bethesda System for Reporting Thyroid Cytopathology.

were constructed, and the areas under the
curve (AUCs) were calculated. The 95% confi-
dence interval of the area under the curve was
evaluated. The sensitivity and specificity were
calculated by comparison with pathologic re-
sults. P<0.05 was considered significant.

Results
Comprehensive research data

In the malignant group, the KWAK-TIRADS
classification identified 97 cases of TR4a, 57
cases of TR4b, and 79 cases of TR4c; in the
benign group, the classification identified 122
cases of TR4a, 31 cases of TR4b, and 6
cases of TR4c (Table 2; Figures 1A, 2A). The
ES identified 75 cases of score 3, 106 cases
of score 4, and 52 cases of score 5 in the
malignant group and 25 cases of score 2, 127
cases of score 3, and 7 cases of score 4 in
the benign group (Table 2; Figures 1B, 2B).
The BSRTC identified 4 cases of level |, 1 case
of level Il, 10 cases of level Ill, 95 cases of
level IV, 108 cases of level V, and 15 cases of
VI in the malignant group and 3 cases of level
I, 35 cases of level Il, 91 cases of level lll, 29
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The percentage of malignant nodules

from the KWAK-TIRADS classification

in categories TR4a, 4b, and 4c in this
study were 44.3%, 64.8%, and 92.9%, respec-
tively, and the differences were statistically
significant (P<0.01). The ROC curves demon-
strated that the best cut-off point for the KW-
AK-TIRADS was TR4b. The sensitivity, specifi-
city, and AUC were 75.5%, 76.7%, and 0.787
(95% Cl: 0.741-0.832), respectively. The per-
centage of malignant nodules in groups ES
2, 3, 4, and 5 in this study were 0%, 37.1%,
93.8%, and 100%, respectively, and the differ-
ences were statistically significant (P<0.01).
The ROC curves demonstrated that the best
cut-off point for ES was 4. The sensitivity,
specificity, and AUC were 67.8%, 95.6%, and
0.847 (95% CI: 0.81-0.885), respectively. The
percentage of malignant nodules from the
BSRTC in levels I, II, lll, 1V, V, VI nodules in this
study were 57.1%, 2.8%, 9.9%, 76.6%, 99.1%,
and 100%, respectively, and the differences
were statistically significant (P<0.01). The ROC
curves demonstrated that the best cut-off
point for BSRTC was IV. The sensitivity, speci-
ficity, and AUC were 93.6%, 81.1%, and 0.918
(95% CI: 0.889-0.946), respectively.

The results showed that the efficacy of the
BSRTC (AUC = 0.918) was larger than that of

Int J Clin Exp Pathol 2020;13(5):1159-1168
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Figure 1. Papillary thyroid carcinoma with elasticity score of 5 and BSRTC of VI in a 55-year-old woman. US images
were obtained in transverse plane. A. On conventional US imaging, lesion was classified as KWAK-TIRADS category
4c; B. On elasticity imaging, both the entire hypoechoic lesion and its surrounding area were red; C. Cytologically,
the nucleus was significantly enlarged with ground-glass appearance, and a nuclear sulcus was seen (Hematoxylin-
eosin stain; 20x40); D. Histologically, the tumor cells were arranged in a papillary shape, the nuclei were crowded,
nuclear grooves and nuclear inclusions were visible, and the surrounding thyroid showed Hashimoto’s disease.
Findings were consistent with papillary thyroid carcinoma (classic) (Hematoxylin-eosin stain; 20x20).

Figure 2. Benign lesions with elasticity score of 2 and BSRTC of Il in a 39-year-old woman. US images were obtained
in the transverse plane. A. On conventional US imaging, lesion was classified as KWAK-TIRADS category 4a; B. On
elasticity imaging, hypoechoic lesion shows a mosaic pattern of green and red; C. Cytologically (benign), the nucleus
is small and no changes in nuclear grooves are seen (Hematoxylin-eosin stain; 20x40); D. Histologically, the back-
ground is Hashimoto’s disease with fibrosis and nodule formation (Hematoxylin-eosin stain; 20x20).

Table 3. Comparison of the various diagnostic methods and Comparison of the diagnostic
combined scoring method in terms of diagnostic efficiency efficacy of the combined scoring
Method of checking Cut-off point Spe (%) Sens (%) P Value methods
E;VAK_TIRADS ij ;g:; gi: :g:gi The results showed that the. ef-
BSRTC -4 811 936  <0.01 f|.cacy of the ES+BSRTC c.ombma-
- ) ) : tion (AUC = 0.952) was higher th-
ES+BSRTC =7 80.5 966 <001 a5 that of the KWAK-TIRADS+ES
KWAK-TIRADS+BSRTC >5 94.3 87.6 <0.01 combination (AUC = 0.913) and
KWAK-TIRADS+ES 25 91.8 751  <0.01 the KWAK-TIRADS+BSRTC combi-
KWAK-TIRADS+ES+BSRTC >8 937 914 <0.01 nation (AUC = 0.948) but lower
McNemar’s chi-square test: the difference between benign lesion group and than that of the KWAK-TIRADS+
malignant lesion group was statistically significant (P<0.05). Abbreviations: ES+BSRTC combination (AUC =

TI-RADS = Thyroid Imaging Reporting and Data System; ES = Elasticity score;

BSRTC = Bethesda System for Reporting Thyroid Cytopathology. 0.967) (Table 4; Figure 4). The

ROC curves showed that the opti-
mal cut-off point of the KWAK-

the ES (AUC = 0.847) and the KWAK-TIRADS TIRADS+ES+BSRTC combination was 8, that
(AUC = 0.787) (Table 4). BSRTC has higher sen- of the ES+BSRTC combination was 7, that of
sitivity for suspicious nodules, ES has higher the KWAK-TIRADS+ES combination was 5, and
specificity, and the differences are all statisti- that of the KWAK-TIR-ADS+BSRTC combina-
cally significant (P<0.01) (Figure 3). tion was 5. In addition, the sensitivity of the
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Table 4. Comparison of ROC curves among various diagnostic methods and combined scoring

method
. o Asymptotic 95% confidence interval
Test result variable(s) Area Std. error®  Asymptotic sig.
Lower bound Upper bound

KWAK-TIRADS 0.787 0.023 0.00 0.741 0.832

ES 0.847 0.019 0.00 0.810 0.885
BSRTC 0.918 0.014 0.00 0.889 0.946
ES+BSRTC 0.952 0.010 0.00 0.933 0.972
KWAK-TIRADS+BSRTC 0.948 0.012 0.00 0.924 0.972
KWAK-TIRADS+ES 0.913 0.014 0.00 0.886 0.940
KWAK-TIRADS+ES+BSRTC 0.967 0.008 0.00 0.952 0.983

The Receiver operating characteristic (ROC) curves were constructed, and the areas under curve (AUCs) were calculated.
aUnder the nonparametric assumption. °Null hypothesis: true area = 0.5. P<0.05 was considered statistically significant. Abbre-
viations: TI-RADS = Thyroid Imaging Reporting and Data System; ES = Elasticity score; BSRTC = Bethesda System for Reporting

Thyroid Cytopathology.

ROC curve
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0.8
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1 - specificity

The diagonal segment generated by the junctions.

Figure 3. Receiver operating characteristic (ROC) curve of various diagnostic
methods. The sensitivity and specificity in the prediction of malignant thyroid
nodules. Abbreviations: TI-RADS = Thyroid Imaging Reporting and Data Sys-
tem; ES = Elasticity score; BSRTC = Bethesda System for Reporting Thyroid

Cytopathology.

ES+BSRTC combination was higher than that
of the other methods, and the sensitivity and
specificity of the KWAK-TIRADS+ES+BSRTC
combination were quite high; the differences
were all statistically significant (P<0.01) (Table
3).

Discussion

According to the statistics of the National
Cancer Institute, the incidence of thyroid can-
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cer in the United States
was nearly 54,000 in 2018,
— Kawk-TRADS accounting for 3.1% of all
BSRTC new malignancies [32]. Fur-
" Reference ine thermore, some research has
predicted that thyroid cancer
will become the fourth most
common cancer by 2030 in
the United States [23]. A
good prognosis of thyroid tu-
mors can be achieved th-
rough early diagnosis and
treatment. Conventional thy-
roid ultrasonography is wi-
dely used for the early sc-
reening of thyroid cancer
because of its noninvasive-
ness and simplicity. The
TI-RADS classification, which
is related to conventional
ultrasonography, provides a
standardization of the imag-
ing features of thyroid nod-
ules. However, the TI-RADS
classification has limitations
in the differential diagnosis
of atypical thyroid nodules,
especially those of TI-RADS category 4, which
have a risk of malignancy of 5% to 80% [8].
Thus, accurately differentiating benign and
malignant thyroid tumors with existing tech-
nology remains a major challenge for surge-
ons [24, 25].

Source of the curve

The KWAK-TIRADS classification uses five ul-
trasound malignant features to assess the
risk of malignancy in thyroid nodules. Gao [1]
reported that the percentage of malignancy

Int J Clin Exp Pathol 2020;13(5):1159-1168
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and specificity of the ES for
111 cases of thyroid nodul-
es were 89.3% and 93.1%,
respectively. Some studies
have also shown that the

ROC curve
10 —————
Source of the curve
—ES+BSRTC
—— Kawk-TIRADS+BSRTC
Kawk-TIRADS+ES
— Kawk-TIRADS+ES+BSRTC
08 —Reference line
0.6
z
2
=
"
c
@
"
0.4
0.2
0.0 T T T T
0.0 02 0.4 06 038
1 - specificity

The diagonal segment generated by the junctions.

Figure 4. Receiver operating characteristic (ROC) curve of various diagnostic
methods. The sensitivity and specificity in the prediction of malignant thyroid
nodules. Abbreviations: TI-RADS = Thyroid Imaging Reporting and Data Sys-
tem; ES = Elasticity score; BSRTC = Bethesda System for Reporting Thyroid

Cytopathology.

in nodules of categories TR4a, 4b, and 4c
were 10.9%, 55.2%, and 88.8%, respectively,
which are comparable to those reported in
previous studies [26, 27]. In our study, the
percentage of malignancy in KWAK-TIRADS
category 4a, 4b, and 4c nodules were 44.3%,
64.8%, and 92.9%, respectively. The reason for
the result may be that most of the nodules
selected in the previous studies were TI-RADS
category 2 or 3, while our study contained
more cases suspicious for malignancy. More-
over, the sensitivity, specificity and AUC of
the KWAK-TIRADS in our study were 75.5%,
76.7% and 0.787, respectively. This shows th-
at the KWAK-TIRADS classification plays a reli-
able role in the risk stratification of TI-RADS
category 4 thyroid nodules. However, the sen-
sitivity is rather low. The reason may be that
the ultrasound features of some benign and
malignant lesions may overlap, and subjective
factors cannot be completely excluded. There-
fore, additional tests are needed to improve
the diagnostic efficiency of the KWAK-TIRADS.

Ultrasound elastography, which can be used
to obtain stiffness information from tissues,
is widely used in the diagnosis of thyroid no-
dules. Itoh [13] reported that the sensitivity
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ES has high diagnostic value
for thyroid nodules [28, 29].
Our results indicate that
the specificity of the ES for
TI-RADS category 4 thyroid
nodules (95.6%) was compa-
rable to that from the above
studies, but the sensitivity
was quite low (67.8%). The re-
asons for these results may
be as follows: 1. The small
malignant component was
not enough to change the
overall stiffness, resulting in
lower scores; 2. The presence
of coarse calcification affect-
ed the stiffness of the nod-
ules to a certain extent, re-
sulting in higher scores. For
these nodules, it is necessary
to combine other examina-
tions to reduce the number of missed diagno-
ses. In addition, our study suggests that ES is
more valuable than the KWAK-TIRADS for the
diagnosis of malignant tumors (AUC = 0.847)
but less valuable than the KWAK-TIRADS+ES
combination (AUC = 0.913). This shows that
ultrasound elastography is very valuable for
screening suspected malignant nodules, and
in combination with KWAK-TIRADS can signifi-
cantly improve the diagnostic accuracy for sus-
pected malignant nodules.

However, no examination can replace patho-
logic diagnosis. FNAC usually detects the ma-
lignant pathological characteristics of thyroid
nodules at an early stage with a high speci-
ficity of 60% to 98% [30]. The BSRTC is the
standard reporting system for puncture re-
sults, which avoids unnecessary surgery for
patients with benign nodules and selects the
appropriate surgical procedure for patients
with thyroid cancer. Studies have shown that
most nodules are classified as benign or ma-
lignant by BSRTC, but nearly 20% of the biop-
sied nodules still retain an “indeterminate”
cytology [31]. Our data showed that among
the three methods, the BSRTC had the highest
diagnostic value for malignant tumors (AUC =

Int J Clin Exp Pathol 2020;13(5):1159-1168
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0.916) and that the diagnostic value of the
BSRTC+ES combination was higher than the
value of the BSRTC and the BSRTC+KWAK-
TIRADS combination (AUC = 0.952) but below
the diagnostic value of the BSRTC+KWAK-
TIRADS+ES combination (AUC = 0.967). The
ROC curve of the three joint scoring methods
had the largest area, indicating that its diag-
nostic value is large and deserves further in-
vestigation. These results show that combin-
ing the KWAK-TIRADS, ES, and BSRTC can
effectively improve the diagnostic accuracy of
TI-RADS category 4 thyroid nodules. Therefore,
noninvasive examination combined with inva-
sive examination for the management of sus-
picious malignant nodules can avoid more
expensive molecular tests.

There are several limitations in this study.
First, this is a single-center study of a small
number of samples; the accuracy of preopera-
tive diagnosis could be improved if our results
are validated in a larger group of thyroid cen-
ters. Second, most of the malignant nodules
involved in this study were papillary thyroid car-
cinomas, and the vast majority of the benign
nodules were nodular goiters. The diagnostic
value of this method for other benign and
malignant thyroid pathologic types undoubted-
ly requires further investigation with a larger
sample size and a multicenter study. Third, the
ultrasound examination and FNAC in this study
are highly dependent on the operator’s experi-
ence and are also affected by the patient’s
cooperation. Furthermore, the determinations
of the KWAK-TIRADS and ES categories were
made at the same time, and it is possible that
the observers were affected by results with
higher classifications.

In conclusion, the KWAK-TIRADS classification
combined with the elasticity score can distin-
guish the majority of nodules, and for nodules
that are still difficult to identify, FNAC can be
used as an effective supplementary diagnostic
measure.
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