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Abstract
Aims: To compare the diagnostic value of S-Detect (a computer aided diagnosis system using deep learning) in differentiating thyroid nodules in radiologists with different experience and to assess if S-Detect can improve the diagnostic performance of radiologists. Materials and methods: Between February 2018 and October 2019, 204 thyroid nodules in 181 patients were included. An experienced radiologist performed ultrasound for thyroid nodules and obtained the result of S-Detect.
Four radiologists with different experience on thyroid ultrasound (Radiologist 1, 2, 3, 4 with 1, 4, 9, 20 years, respectively)
analyzed the conventional ultrasound images of each thyroid nodule and made a diagnosis of “benign” or “malignant” based
on the TI-RADS category. After referring to S-Detect results, they re-evaluated the diagnoses. The diagnostic performance of
radiologists was analyzed before and after referring to the results of S-Detect. Results: The accuracy, sensitivity, specificity,
positive predictive value and negative predictive value of S-Detect were 77.0, 91.3, 65.2, 68.3 and 90.1%, respectively. In
comparison with the less experienced radiologists (radiologist 1 and 2), S-Detect had a higher area under receiver operating
characteristic curve (AUC), accuracy and specificity (p <0.05). In comparison with the most experienced radiologist, the diagnostic accuracy and AUC were lower (p<0.05). In the less experienced radiologists, the diagnostic accuracy, specificity and
AUC were significantly improved when combined with S-Detect (p<0.05), but not for experienced radiologists (radiologist 3
and 4) (p>0.05). Conclusions: S-Detect may become an additional diagnostic method for the diagnosis of thyroid nodules and
improve the diagnostic performance of less experienced radiologists.
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Introduction
Focal thyroid disease is the most common thyroid
and endocrine disease [1]. Since 1975, the incidence of
thyroid cancer has been rising [2]. It is reported that it
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was newly found in 567,000 cases worldwide in 2018,
and the global incidence in women is three times higher
than that of men [3]. Researchers found that up to 30% of
the people suffered from clinically occult thyroid cancer
through autopsy [4].
The imaging modalities used for thyroid evaluation
include ultrasound (US), computed tomography (CT),
magnetic resonance imaging (MRI), scintigraphy [5] and
so on. Among them, US is the primary imaging technique
for focal and diffuse thyroid disease with the advantage
of convenient, radiation-free and high-resolution [6-8].
Since 2009, several different Thyroid Imaging Reporting and Data Systems (TI-RADS) have been proposed
to formulate standardized terminology for thyroid ultrasound reporting. The latest TI-RADS was proposed by
the American College of Radiology (ACR) in 2017 [9].
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TI-RADS is a useful but not the best reporting tool for
describing thyroid disease [10-12]. The size of thyroid
nodules will affect the diagnostic performance of TIRADS [10,13]. Some studies have shown better interobserver agreement of TI-RADS [14,15], while others
are quite the opposite [16-18].
S-Detect (Samsung Ultrasound RS80A, Samsung Medison Co. Ltd., Seoul, South Korea) is a computer-aided
diagnosis (CAD) software for ultrasound to identify benign and malignant thyroid nodules and breast lesions. At
present, only a few studies have evaluated the diagnostic
performance of S-detect for the differential diagnosis of
breast masses, and it is believed that S-detect can be used
as an additional tool for the diagnosis of breast cancer
[19-23]. However, only a few articles reported the diagnostic performance of S-Detect for diagnosing thyroid
cancer, and most of them were published by Korean researchers [24-29]. In order to further study the diagnostic
value of S-detect in thyroid ultrasound, more validation
sets from different countries are required. The diagnostic
performance of S-Detect in the differentiation of thyroid
nodules may be higher than that of less experienced radiologists and has different added value to radiologists
with different experience.
Therefore, the purpose of this study is to compare the
diagnostic value of S-Detect with radiologists of different
experience in diagnosing benign and malignant thyroid
nodules and assessing how helpful S-Detect is for different level radiologists based on the Chinese population.
Materials and methods
This research was approved by the Institutional Review Board of Tongji Medical College of Huazhong Uni-
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versity of Science & Technology. Informed consent was
achieved from all patients. The diagnostic performance
study of S-Detect was of a prospective design.
Patients
Between February 2018 and October 2019, a total of
222 thyroid nodules (≥0.5 cm) from 199 patients who
were scheduled for thyroid US examinations and USguided fine needle aspiration (FNA) were enrolled in
this study. Inclusion criteria were: 1) patients at least 18
years old; 2) patients who had available histopathologic
results. Exclusion criteria were: 1) patients with a thyroid nodule <5 mm; 2) patients without surgery, FNA and
core needle aspiration for thyroid nodules; 3) patients
with known pathological findings of thyroid nodules before US examination.
Nonconclusive FNA results were excluded based on
the Bethesda system [30]. Finally, a benign thyroid nodule was diagnosed when the benign status was evident in
the surgical specimen or FNA. A malignant thyroid nodule was diagnosed when malignancy was evident in the
surgical specimen.
US examination
A 3-12 MHz linear transducer (Samsung Ultrasound
RS80A, Samsung Medison Co. Ltd., Seoul, South Korea) was used in this study. The EU-TIRADS proposed
by Russ et al in 2017 was set as the preferred semi-automatic thyroid assessment in this study [31]. S-Detect was
performed by an experienced radiologist with 10 years
of clinical experience in the performance of thyroid US
to give a diagnostic suggestion of “possibly benign” or
“possibly malignant” for the thyroid nodule of interest
(fig 1).
First of all, conventional US was performed to scan
the whole thyroid gland and the representative images

Fig 1. a) A thyroid nodule in a 22-year-old woman with pathological findings suggesting papillary thyroid carcinoma: S-Detect
analyzed the characteristics of the lesion and the result was “Possibly Malignant”; b) A thyroid nodule in a 26-year-old woman with
pathological findings suggesting nodular goiter: S-Detect judged the lesion as “Possibly Benign”.
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were selected based on transverse scans. After freezing
the US image of the thyroid nodule, a region of interest
around the lesion was set manually, then S-Detect was
performed on the lesions. Then, the S-Detect software
calculated the mass contours automatically and gave several different mass contours options for the radiologist to
choose. The radiologist could edit the margin manually
of the mass if needed. Meanwhile, US characteristics of
the mass, including composition, orientation, shape, margins, echogenicity and spongiform status, were evaluated by the software. Finally, the nodule was diagnosed as
“possibly benign” or “possibly malignant” by S-Detect
and the size of the nodule was recorded.
Analysis by radiologists
Four other radiologists with different experience
were selected to analyze the images, Radiologist 1, 2, 3,
4 had 1, 4, 9 and 20 years of experience in thyroid US,
respectively. All radiologists retrospectively analyzed
B-mode ultrasound images and evaluated the following
features: composition, echogenicity, shape, margin and
echogenic foci based on ACR TI-RADS categories [9].
A recent study showed there were no malignant diagnoses of thyroid in TR2 and TR3 (Bethesda, Category
VI) [32]. TR3 is of low malignancy, therefore the cutoff between benign and malignant thyroid nodules was
set at TR4 in this study. After they finished the analysis,
all results suggested by S-Detect were given to them for
reference. They re-analyzed all the B-mode images and
gave a new category to judge the benign and malignancy
of each nodule. The primary outcome was the added value of S-Detect in the differential diagnosis of benign and
malignant thyroid nodules by radiologists with different
experience. The secondary outcomes included the diagnostic performance of S-Detect in differentiating benign
and malignant thyroid nodules compared with radiologists with different experience and intra-observer differences in different vocabulary items.
Statistical analysis
Accuracy, specificity, sensitivity, positive predictive
value (PPV) and negative predictive value (NPV) were
calculated to show the diagnostic performance of SDetect, the individual radiologists and the integration of
S-Detect with each radiologist in differentiating benign
and malignant thyroid nodules. The diagnostic performances between S-Detect and radiologists were compared using the McNemar test (accuracy, sensitivity and
specificity) and the generalized score statistical method
(PPV and NPV) [33]. The difference in the description
of the characteristics of ultrasound between radiologists
was compared by the chi-square test. The area under the
receiver operating characteristic curve (AUC) for the
S-Detect and four radiologists were compared by the

Delong method [34]. The ROC curve was plotted by R
software pROC, version 1.15.3 (https://CRAN.R-project.
org/package=pROC). All statistical analyses were done
with R software, version 3.6.0, (http://www.R-project.
org). For all tests mentioned above, a p value of <0.05
was considered significant.
Results
Characteristics of the thyroid nodules
A total of 204 thyroid nodules were evaluated in
181 patients (35 males and 146 females), including 112
(54.9%) benign lesions and 92 (45.1%) malignant lesions
(fig 2). The mean age of the patients was 46±12 years
(range, 18 to 74 years). The mean nodule diameter was
1.5 ± 1.1cm (range 0.5–5.2 cm). All malignant diagnoses
were confirmed after surgical resection, and included 90
papillary thyroid carcinomas (PTCs), 1 follicular thyroid
carcinoma and 1 B-cell non-Hodgkin lymphoma. The 68
surgically confirmed benign nodules included 9 follicular
adenoma, 43 mutilnodular goiter (MNG), 12 Hashimoto’s thyroiditis (HT), 3 subacute thyroiditis (SAT) and 1
Hürthle cell adenoma (HCA).
The diagnostic performance of S-Detect and
radiologists
The diagnostic performance of four radiologists and
S-Detect for thyroid cancer were demonstrated in Table I.
The corresponding ROC curves were shown in fig 3. As
the experience of radiologists increased, their diagnostic
accuracy increased accordingly.
In comparison with the most experienced radiologist
(radiologist 4), S-Detect had lower accuracy (84.8% vs
77.0%, p=0.010), PPV (76.1% vs 68.3%, p=0.016), NPV
(96.6% vs 90.1%, p=0.040) and AUC value (0.859 vs
0.782, p=0.005). The sensitivity and specificity of S-Detect showed no statistical significance between S-Detect

Fig 2. Flowchart of the study
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Table I. The comparison of the diagnostic performance of S-Detect and four radiologists.
Diagnostic value S-Detect

Radiologist 1 p1

Radiologist 2 p2

Accuracy,%

77.0
(70.7-82.2)

63.7
(56.9-70.0)

<0.001 65.2
(58.4-71.4)

0.001 72.5
(66.1-78.2)

0.176 84.8
(79.2-89.1)

0.010

Sensitivity,%

91.3
(83.7-95.5)

95.7
(89.4-98.3)

0.289

84.8
(76.1-90.7)

0.180 83.7
(74.8-89.9)

0.092 96.7
(90.9-98.9)

0.125

Specificity,%

65.2
(56.0-73.4)

37.5
(29.1-46.7)

<0.001 49.1
(40.0-58.2)

0.005 63.4
(54.2-71.7)

0.832 75.0
(66.2-82.1)

0.052

PPV, %

68.3
(59.6-75.9)

55.7
(47.9-63.2)

<0.001 57.8
(49.3-65.8)

0.001 65.3
(56.3-73.2)

0.279 76.1
(67.6-82.9)

0.016

NPV, %

90.1
(81.7-94.9)

91.3
(79.7-96.6)

0.779

0.029 82.6
(73.2-89.1)

0.048 96.6
(90.4-98.9)

0.040

AUC

0.782
0.666
<0.001 0.669
0.001 0.7354
0.100 0.859
0.005
(0.718-0.847) (0.592-0.739)
(0.595-0.744)
(0.666-0.805)
(0.805-0.913)

79.7
(68.8-87.5)

Radiologist 3 p3

Radiologist 4 p4

p1: Comparison between S-Detect and radiologist 1; p2: Comparison between S-Detect and radiologist 2; p3: Comparison between S-Detect
and radiologist 3; p4: Comparison between S-Detect and radiologist 4; PPV: positive predictive value; NPV: negative predictive value;
AUC: area under receiver operating characteristic curve.

and the most experienced radiologist (91.3% vs 96.7%,
p=0.125; 65.2% vs 75.0%, p=0.052, respectively).
Compared to the less experienced radiologists (radiologists 1 and 2), S-Detect had higher accuracy, specificity, PPV, AUC value (all p<0.05, respectively) and a
similar sensitivity (91.3% vs 95.7%, p=0.289; 91.3% vs
84.8%, p=0.180, respectively). However, the NPV of
S-Detect was higher than that of radiologist 2 (90.1% vs
79.7%, p=0.029), and there was no significant difference
compared with radiologist 1 (90.1% vs 91.3%, p=0.779).
The NPV of S-Detect was higher than that of radiologist 3 (90.1% vs 82.6%, p=0.048), but the accuracy,
sensitivity, specificity, PPV and AUC value did not show
significant differences to radiologist 3 (all p>0.05, respectively).

The diagnostic performance of radiologists after
referring S-Detect
The four radiologists were asked to make a new
judgement of each thyroid nodule referring to the results
of S-Detect, and the changes they made were shown in
Table II. The least experienced radiologist (radiologist 1)
made the most changes, while the most experienced
radiologist (radiologist 4) made the lowest number of
changes. The diagnostic performance of the four radiologists after referring to the results of S-Detect is shown in
Table III.
When S-Detect was used to assist the less experienced radiologists (radiologists 1 and 2), the diagnostic
accuracy (63.7% vs 75.0%, p<0.001; 65.2% vs 74.5%,
p<0.001, respectively), specificity (37.5% vs 58.9%,
p<0.001; 49.1% vs 59.8%, p=0.002, respectively), PPV
(55.7% vs 65.4%, p<0.001; 57.8% vs 65.4%, p<0.001,
respectively) and AUC values (0.666 vs 0.767, p<0.001;
0.669 vs 0.761, p<0.001, respectively) significantly improved, whereas the sensitivity did not show significant
differences (p>0.999 and p=0.065, respectively). The
NPV showed significant improvement in radiologist 2
(79.7% vs 90.5%, p=0.012), but there was no significant
Table II. Changes made by four radiologists after referencing
S-Detect.
Radiologist

Fig 3. ROC curves of S-Detect and radiologists.

Number of
changes

Correct
number

Inaccurate
number

Radiologist 1

31

27

4

Radiologist 2

25

22

3

Radiologist 3

9

7

2

Radiologist 4

5

3

2
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Table III. The diagnostic performance of four radiologists after referencing S-Detect.
Diagnostic
value

Radiologist 1
+S-Detect

pa

Radiologist 2
+ S-Detect

pb

Radiologist 3
+ S-Detect

pc

Radiologist 4
+ S-Detect

pd

Accuracy, %

75.0
(68.6-80.4)

<0.001

74.5
(68.1-80.0)

<0.001

75.0
(68.6-80.4)

0.182

85.3
(79.8-89.5)

>0.999

Sensitivity, %

94.6
(87.9-97.7)

>0.999

92.4
(85.1-96.3)

0.065

88.0
(79.9-93.2)

0.125

97.8
(92.4-99.4)

>0.999

Specificity, %

58.9
(49.7-67.6)

<0.001

59.8
(50.6-68.4)

0.002

64.3
(55.1-72.6)

>0.999

75.0
(66.2-82.1)

>0.999

PPV, %

65.4
(57.0-73.0)

<0.001

65.4
(56.9-73.0)

<0.001

66.9
(58.2-74.7)

0.221

76.3
(67.8-83.0)

0.877

NPV, %

93.0
(84.6-97.0)

0.592

90.5
(81.7-95.3)

0.012

86.7
(77.8-92.4)

0.042

97.7
(91.9-99.4)

0.318

AUC

0.767
(0.702-0.833)

<0.001

0.761
(0.695-0.828)

<0.001

0.762
(0.695-0.829)

0.074

0.864
(0.811-0.917)

0.604

pa: Comparison between radiologist 1 and radiologist 1 combined with S-Detect; pb: Comparison between radiologist 2 and radiologist 2
combined with S-Detect; pc: Comparison between radiologist 3 and radiologist 3 combined with S-Detect; pd: Comparison between radiologist 4 and radiologist 4 combined with S-Detect; PPV: positive predictive value; NPV: negative predictive value; AUC: area under receiver
operating characteristic curve.

Table IV. Intra-observer variability of US characteristics and the difference between the most experienced radiologist and the least
experienced radiologist.
Characteristics

Intra-observer difference, % of agreement between 2 examinations
Radiologist 1 (%) Radiologist 2 (%) Radiologist 3 (%) Radiologist 4 (%)

Difference (%)
(95% CI)

p

Composition

98.5

99.0

99.5

100.0

1.5 (-0.181 to 3.122)

0.082

Echogenicity

98.5

98.0

99.5

100.0

1.5 (-0.181 to 3.122)

0.082

Shape

99.0

99.5

100.0

100.0

1.0 (-0.372 to 2.333)

0.156

Margin

91.7

94.6

97.1

97.5

8.3 (1.536 to 10.228)

0.009

Echogenic foci

97.1

96.6

99.5

100.0

2.9 (0.623 to 5.260)

0.014

p value of radiologist 1 (the least experienced radiologist) versus radiologist 4 (the most experienced radiologist); comparison of proportions
for radiologist 1 and radiologist 4.

difference compared with radiologist 1 (91.3% vs 93.0%,
p=0.592) with the assistance of S-Detect.
In the experienced radiologists (radiologists 3 and 4),
the diagnostic performance including accuracy, sensitivity, specificity, PPV and the AUC value were not
significantly improved when combined with S-Detect
(all p>0.05, respectively). The ROC curve between the
re-diagnosis results of four radiologists and S-Detect is
shown in fig 4.
Intra-observer variability in the recording of US
characteristics before and after referring to the
S-Detect result
The intra-observer variability of US characteristics
and the difference between the most experienced radiologist and the least experienced radiologist are shown in
Table IV. Compared with the most experienced radiologist, the margin is the most difficult to assess for the least
experienced radiologist.

Fig 4. The ROC curve of S-Detect and radiologists after referring to S-Detect.
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Discussion
This study evaluated the usefulness of S-Detect in
the differential diagnosis of benign and malignant thyroid nodules, especially its value in less experienced and
experienced thyroid radiologists. The diagnostic performance of S-Detect in thyroid nodules was equivalent
to a radiologist with 9 years of work experience. The
computer-aided (CAD) system is significantly helpful
for less experienced radiologists (radiologists 1 and 2) to
improve their diagnostic performance, but not for experienced radiologists.
FNA is a safe, simple, and the most cost-effective diagnostic method for evaluating thyroid nodules, which
plays a critical role in the selection of surgical, interventional or conservative management [35,36]. In most
cases, FNA can clearly determine benign or malignant
thyroid diseases, but FNA cannot reliably exclude cancers in 20% to 30% of thyroid nodules [37]. Moreover,
there has been a problem with over-diagnosis and overtreatment because of the slow growth and lower invasiveness of thyroid cancers [38]. The CAD system is
expected to have high specificity and accuracy to avoid
unnecessary FNA. Some studies reported that the CAD
system showed a similar sensitivity but lower accuracy
and specificity compared to the experienced radiologist
[27,28]. The CAD system still showed similar sensitivity and lower specificity when an experienced radiologist
stratified the risk of malignancy according to TI-RADS
and American Thyroid Association (ATA) guidelines
[39]. These studies show that the diagnostic sensitivity
of CAD system is high, but the diagnostic specificity of
CAD system needs to be improved. Different from these
studies, our study not only shows similar sensitivity to
radiologists, but also shows similar specificity. In our
study, the diagnostic specificity and accuracy of S-Detect
were comparable to the experienced radiologists and significantly higher than that of less experienced radiologists. When combined with the results of S-Detect, the
specificity and accuracy of less experienced radiologists
were significantly improved. On the other hand, studies
have reported the high sensitivity of S-Detect and concluded that S-Detect may help to rule out thyroid malignancies and ultimately avoid unnecessary FNA [25,27].
Therefore, we can conclude that S-Detect may be used to
reduce the number of unnecessary FNA of benign thyroid
nodules.
The diagnostic performance of S-Detect was good
(AUC=0.782), which was significantly higher than the
less experienced radiologists (radiologists 1 and 2) and
lower than the most experienced radiologist with 20 years
of work experience. Therefore, the results of S-Detect are
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more valuable when less experienced radiologists have
difficulty in diagnosing a thyroid nodule. However, some
studies reported that the diagnostic accuracy of the CAD
system is as high as 100% [40,41]. An important reason
why these studies differ from our study may be that these
exploratory studies do not involve the clinical environment and radiologists.
In our study, after referring to the results of S-Detect,
four radiologists re-evaluated the 204 thyroid nodules.
As the working experience of radiologists increased, the
fewer changes were made. It suggests that junior radiologists are more willing to trust the diagnosis results of
S-Detect and make changes, while senior radiologists
are more willing to believe in their own judgement. The
diagnostic accuracy, specificity, PPV and AUC values
of less experienced radiologists were significantly improved when integrating the results of S-Detect, whereas
the diagnostic performance of experienced radiologists
had not been significantly improved. This result shows
that S-Detect is of great assistance to the less experienced
radiologists. However, the role of S-Detect in improving the diagnostic performance of experienced radiologists was not significant. Yoo et al [26] reported that the
sensitivity of the radiologist was significantly improved
with the assistance of CAD systems (92.0% vs. 84.0%,
p=0.037). Therefore, the CAD system can be reliable as a
second opinion to improve the diagnostic performance of
radiologists, especially the less experienced radiologists.
Barczyński et al evaluated 50 thyroid nodules (including 10 papillary thyroid carcinomas and 40 benign nodules) and found that the intra-observer variability of the
surgeon with ordinary US skills was significantly higher
than surgeons with professional US skills in assessing the
lexicon of margin, shape, calcification and spongiform
[29]. In our study, the least experienced radiologist also
had significantly higher intra-observer variability than
the most experienced radiologist in assessing the margin and echogenic foci of the thyroid lexicon items. The
S-Detect model cannot evaluate three other items: calcification, elasticity and central vascularity. Wang et al [42]
suggested that calcification found in ultrasound examination should increase the suspicion of thyroid cancer.
The malignancy risk is very high when calcification is
found in a solitary thyroid nodule [43]. ACR TI-RADS
explained the calcification lexicon. Large comet-tail artifacts strongly indicate benign, the correlation between
macrocalcifications and peripheral calcifications and malignant tumors is variable, and punctate echogenic foci
are considered highly suspicious [9]. Some studies have
also shown that microcalcification is valuable for predicting thyroid malignant diseases [44,45]. The European
Medical and Biological Association guidelines point out
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that elastography is another tool for the identification of
thyroid lesions and can be used for follow-up guidance
of FNA negative lesions [46]. The limitation of elastography is that internal calcification may affect the stiffness
of the lesion [46]. For vascularity, studies have shown
that they have little value for the differentiation of thyroid nodules [47,48].
There are several limitations in our study. Firstly, the
images used in the research are all static two-dimensional
images and the radiologists may have missed some important information while reading the images of thyroid
nodules. Secondly, the CAD diagnosis using S-Detect
has a limitation in the evaluation of nodule calcification
[24]. Thirdly, the histopathological results were not all
obtained by surgical resection; some benign thyroid nodules in this study were derived from US-guided FNA.
The 2015 edition of the American Thyroid Association
(ATA) guidelines stated that if the nodule was benign on
cytology, further immediate diagnostic studies or treatments were not required [49]. Therefore, some patients
with benign cytology were unable to obtain pathological
results. Last but not least, intra-observer variability was
not assessed in this study.
In conclusion, the diagnostic performance of S-Detect was significantly higher than that of the less experienced radiologists and equivalent to an experienced
radiologist with 9 years of work experience. In comparison with the most experienced radiologist, S-Detect had
similar sensitivity and specificity but lower accuracy including the AUC value. As an auxiliary tool, S-Detect
can significantly improve the diagnostic performance of
less experienced radiologists.
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