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Abstract

Purpose To evaluate the diagnostic performance and reproducibility of a computer-aided diagnosis (CAD) system for thyroid

cancer diagnosis using ultrasonography (US) based on the operator’s experience.

Materials and methods Between July 2016 and October 2016, 76 consecutive patients with 100 thyroid nodules (> 1.0 cm)

were prospectively included. An experienced radiologist performed the US examinations with a real-time CAD system

integrated into the US machine, and three operators with different levels of US experience (0-5 years) independently

applied the CAD system. We compared the diagnostic performance of the CAD system based on the operators’ experience

and calculated the interobserver agreement for cancer diagnosis and in terms of each US descriptor.

Results The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of the

CAD system were 88.6, 83.9, 81.3, 90.4, and 86.0%, respectively. The sensitivity and accuracy of the CAD system were

not significantly different from those of the radiologist (»p > 0.05), while the specificity was higher for the experienced

radiologist (p = 0.016). For the less-experienced operators, the sensitivity was 68.8—-73.8%, specificity 74.1-88.5%, PPV

68.9-73.3%, NPV 72.7-80.0%, and accuracy 71.0-75.0%. The less-experienced operators showed lower sensitivity and

accuracy than those for the experienced radiologist. The interobserver agreement was substantial for the final diagnosis

and each US descriptor, and moderate for the margin and composition.

Conclusions The CAD system may have a potential role in the thyroid cancer diagnosis. However, operator dependency still

remains and needs improvement.

Key Points

* The sensitivity and accuracy of the CAD system did not differ significantly from those of the experienced radiologist (88.6% vs.
84.1%, p= 0.687; 86.0% vs. 91.0%, p= 0.267) while the specificity was significantly higher for the experienced radiologist
(83.9% vs. 96.4%, p= 0.016).

» However, the diagnostic performance varied according to the operator’s experience (sensitivity 70.5-88.6%, accuracy 72.0—
86.0%) and they were lower for the less-experienced operators than for the experienced radiologist.

* The interobserver agreement was substantial for the final diagnosis and each US descriptor and moderate for the margin and
composition.
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Introduction

Ultrasonography (US) is the most accurate imaging modality
for the differential diagnosis of thyroid nodules. Therefore,
current practice guidelines recommend that US should be per-
formed in all patients with a suspected thyroid nodule on
physical examination, nodular goiter, or radiographic abnor-
mality on another imaging study suggesting a thyroid nodule
[1, 2]. However, since US image interpretation is operator-
dependent and interobserver variability is moderate to sub-
stantial [3—7], the diagnostic performance of US ranges from
40.3 to 100.0% sensitivity and 50.0 to 100.0% specificity
[3-5, 7]. Therefore, unnecessary fine-needle aspiration
(FNA) and even diagnostic surgery are common, placing a
significant burden on healthcare systems and creating patient
anxiety [3-7].

A computer-aided diagnosis (CAD) system was recently
introduced for accurate, consistent interpretation of the US
features of thyroid nodules [8—12]. Several studies have found
that the CAD system affords a diagnostic accuracy similar to
that of an experienced radiologist and it could offer support for
decision-making in thyroid cancer diagnosis [9, 10].
However, since these studies were performed by experienced
radiologists, there are problems regarding the actual interpre-
tation of the data and the reproducibility of the CAD results,
especially when performed by less-experienced operators.
The current US CAD system involves four main steps:
targeting the area of a lesion manually; selecting one of can-
didates that the CAD presents; editing the boundary of the
chosen candidate (this step can be omitted when the candidate
has a fine boundary); and letting the CAD system analyze the
US image and output its features [10]. As these semi-
automated steps require experience of the operators, the actual
diagnostic performance and reproducibility of the CAD sys-
tem based on operator experience should be evaluated to op-
timize its utility.

Therefore, this study evaluated the diagnostic performance
and reproducibility of the CAD system regarding a US thyroid
cancer diagnosis based on the operator’s experience.

Materials and methods

Patients

This study was approved by our institutional review board and
written informed consent was obtained from all patients be-

fore they underwent US. Patient data were prospectively col-
lected from a single tertiary hospital. Patients were usually

referred from the primary medical centers due to a suspicious
thyroid nodule or from the other department due to a thyroid
nodule detected on another imaging study.

Between July 2016 and October 2016, a total of 85 con-
secutive patients with 109 thyroid nodules (> 1.0 cm) who
underwent US-guided biopsy or US examination before the
scheduled surgery were initially enrolled in this study. US-
guided FNA or core needle biopsy (CNB) was usually per-
formed on a thyroid nodule with suspicious US features or on
the largest nodule if no suspicious US feature was detected
based on the guidelines [2]. Among them, 9 nodules were
excluded because a final diagnosis was not obtained
(nondiagnostic (n = 3), atypia of undetermined significance
(n=4), and suspicion for malignancy (n=2)). A total of 76
consecutive patients with 100 thyroid nodules were finally
included in this study (23 males, 53 females; mean age 46.0
years (range 14-75 years)) (Fig. 1).

Final diagnoses were determined from the cytopathological
results based on the Bethesda system and/or surgery. A ma-
lignant nodule was diagnosed when malignancy was con-
firmed in the surgical specimen. A benign nodule was diag-
nosed when either (1) benign status was confirmed in the
surgical specimen or (2) it was cytologically benign on FNA
or core needle biopsy histology. Cytological results from
nondiagnostic lesions and lesions of indeterminate signifi-
cance (atypia of undetermined significance and suspicions of
follicular neoplasm and malignancy) without surgical confir-
mation were excluded.

US image acquisition and analysis

All US examinations were performed using a 5-12-MHz lin-
ear probe and a real-time CAD US system (RS80A; Samsung
Medison). The real-time CAD system (S-Detect for Thyroid;
Samsung Medison) was integrated into the US system. A ra-
diologist (E.J.H.) specializing in thyroid imaging with 10 years
of clinical experience in the performance of thyroid US (and
evaluation of its data) performed all US examinations.
Grayscale US images were evaluated by the radiologist
(E.J.H) with reference to the Korean guidelines for size, inter-
nal content, echogenicity, shape, orientation, margin, and the
presence or absence of calcifications [2]. The nodule contents
were categorized by reference to the cystic proportion: solid
(no obvious cystic content), predominantly solid (< 50% cys-
tic), predominantly cystic (> 50% cystic), or cystic (pure cyst
or nearly entirely cystic content). The echogenicity was cate-
gorized as marked hypoechogenicity (when a nodule showed
a relatively hypoechoic pattern with regard to the adjacent
strap muscle), mild hypoechogenicity (when a nodule showed
a relatively hypoechoic pattern with regard to the normal thy-
roid parenchyma), isoechogenicity (when a nodule showed an
isoechoic pattern with regard to the normal thyroid parenchy-
ma), or hyperechogenicity (when a nodule showed a relatively
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Fig. 1 Flowchart of the study [

109 Nodules
(= 1cm)

9 Nodules Excluded:
Nondiagnostic (N= 3)
Atypia of Undetermined Significance (N=4)
Suspicious for malignancy (N= 2)

[ 100 Nodules ]

|

Malignant nodules
(N=44)

Benign nodules
(N=56)

Surgery
(N=44)

Surgery Repeated FNA or FNA or CNB Biopsy and
(N=25) CNB Biopsy (N=5) || follow-up US (N=26)

echogenic pattern with regard to the normal thyroid parenchy-
ma). Shape was categorized as ovoid-to-round or irregular,
and orientation was categorized as parallel (when the
anteroposterior diameter of the nodule was equal to or less
than the transverse or longitudinal diameter) or non-parallel
(when the anteroposterior diameter of the nodule exceeded the
transverse and longitudinal diameter in the transverse and lon-
gitudinal plane, respectively). The margins were categorized
as smooth, spiculated/microlobulated, or ill-defined. The
spiculated/microlobulated margin was defined when the mar-
gin of any portion of a nodule is obviously discernible, but
non-smooth edge showing spiculation, microlobulation, or
jagged appearance. The ill-defined margin was defined when
the border of the nodule is poorly demarcated which cannot be
obviously differentiated from adjacent thyroid tissue. A
smooth margin was defined when the nodule shows an obvi-
ously discernible smooth edge. Calcification was classified as
microcalcification (tiny, punctate echogenic foci <1 mm in
diameter, with or without posterior shadowing),
macrocalcification (echogenic foci > 1 mm in diameter), or
rim calcification (peripheral curvilinear or eggshell-like calci-
fication). Spongiform appearance of a nodule was defined as
the aggregation of multiple microcystic components in more
than 50% of the isoechoic partially cystic nodule.

CAD image acquisition and analysis

The CAD data were obtained by four operators with different
levels of US experience (E.J.H., a staff radiologist with
10 years of experience in the performance and evaluation of
thyroid US; S.Y.P, a fellow radiologist specializing in non-
thyroid US with 5 years of experience in US; H.L.K., a 2nd
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year radiology resident who had 1 year of experience with US;
and E.Y.J., a medical student who had no experience in US).
They assessed the CAD data without any information on the
other results. We only used still images for the evaluation and
cine loops were not used in this study. An experienced radiol-
ogist recorded the still images of each nodule in real-time US
and provided images to the operators. All the sectional images
used to set the region of interest for was the same for all
operators in each nodules.

Before starting the study, the basic methods were discussed
to establish a consensus on the use of the CAD system. The
CAD data were obtained from transverse planes by manually
setting a region of interest around the lesion. The software
calculated the mass contours automatically (thereby
distinguishing the mass from normal thyroid tissue) and eval-
uated the US features of the mass, including its composition
(solid, partially cystic, or cystic), shape (oval-to-round or ir-
regular), orientation (parallel or non-parallel), margins (well-
defined, ill-defined, or spiculated), echogenicity (hyperechoic/
isoechoic or hypoechoic/markedly hypoechoic), and
spongiform status. In terms of the margins, the operator chose
one of the three to four options suggested by the software and
edited the margin manually if needed. The CAD system ulti-
mately diagnosed the nodules as benign or malignant using
the abovementioned descriptors (Fig. 2).

Data and statistical analysis

Differences in sonographic features (size, internal content,
echogenicity, shape, orientation, margin, and the presence
or absence of calcifications) and CAD diagnosis (probably
benign and probably malignant) between benign and
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Fig.2 An ultrasonography (US) image of a thyroid nodule acquired with
the computer-aided diagnosis (CAD) system. a A solid hypoechoic nod-
ule with suspicious US features is evident in the right thyroid gland. b A
region of interest is manually drawn around the lesion. ¢ The CAD

malignant thyroid nodules were evaluated using the x* or
Fisher’s exact test. Student’s ¢ test was used to compare a
quantitative variable (size).

The diagnostic performance of the CAD system based on
the experience level of the operators was evaluated by calcu-
lating the sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and accuracy. The
diagnostic performance of the CAD system was compared
using the McNemar test. The area under the receiver operating
characteristic (ROC) curve with the 95% confidence interval
(CI) was calculated for the CAD system obtained with four
different operators for thyroid cancer diagnosis. The extent of
interobserver variability (the k value) among the CAD final
diagnoses obtained by different operators, and in terms of the
descriptions of the US characteristics, was determined. The
Fleiss multirater kappa statistic was used to obtain an overall
k value among multiple observers. The level of agreement
was defined as follows k < 0.0, poor; 0.0 < k <0.20, slight;
0.21 <k <0.40, fair; 0.41 <k <0.60, moderate; 0.61 <k <
0.80, substantial and 0.81 < k < 1.00, almost perfect [13, 14].

All statistical analyses were performed using SPSS for
Windows (ver. 23.0; IBM Corp.), MedCalc for Windows

Classification

Composition

Echogenicity.

Classification

Composition

Echogenicity

Orientation

Calcifications
Elasticity

Central Vascularity

software automatically calculates the mass contours and presents the
US features on the right of the screen, and a possible diagnosis as a
malignant nodule on the bottom

(ver. 15.0; MedCalc), and R 3.4.1 for Windows software
(R Development Core Team). A significant difference was
defined as p < 0.05.

Results

Demographic data and US features predicting
malignant thyroid nodules

The mean nodule diameter was 1.7+0.8 cm (range 1.0—
4.6 cm). In the final diagnoses, 56 (56.0%) of the 100 nodules
were benign and 44 (44.0%) were malignant. All of the final
diagnoses of malignant nodules were confirmed after surgical
resection, and included 43 papillary thyroid carcinomas
(PTCs), which in turn included 41 classic PTCs, 1 follicular
variant PTC, and 1 oncocytic variant PTC, and 1 follicular
carcinoma. The 25 surgically confirmed benign nodules were
all nodular hyperplasias.

Table 1 summarizes the US features of the benign and
malignant nodules. The mean diameter of the benign nod-
ules was 1.8 £0.8 ¢cm, which exceeded that of the
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Table 1 Sonographic features of

the benign and malignant thyroid Benign (n=56) Malignant (n = 44) p value
nodules

Size (cm) 0.031
Mean + SD 1.8+£0.8 1.5+0.8
Range 1.0-3.9 1.0-4.6

Internal content <0.001
Solid 25 (44.6) 39 (88.6) <0.001
Predominantly solid 21 (37.5) 409.1) 0.001
Predominantly cystic 9(16.1) 1(2.3) 0.040
Cystic 1(1.8) 0 (0.0) 1.000

Echogenicity <0.001
Marked hypoechogenic 3(5.4) 5(11.4) 0.295
Hypoechogenic 15 (26.8) 32 (72.7) <0.001
Isoechogenic 38 (67.9) 7(15.9) <0.001
Hyperechogenic 0(0.0) 0(0.0) -

Shape 0.592
Round-to-oval 52 (92.9) 42 (95.5)

Irregular 4(7.1) 2 (4.5)

Orientation <0.001
Parallel 52 (92.9) 27 (61.4)

Non-parallel 4(7.1) 17 (38.6)

Margin <0.001
Smooth 49 (87.5) 11 (25.0) <0.001
Spiculated/microlobulated 0 (0.0) 25 (56.8) <0.001
1ll-defined 7 (12.5) 8 (18.2) 0.430

Calcification <0.001
None 50 (89.3) 10 (22.7) <0.001
Microcalcification 3(5.4) 30 (68.2) <0.001
Macrocalcification 3(54) 4 9.1 0.696
Rim calcification 0 (0.0) 0 (0.0) -

Spongiform appearance -
Presence 0(0.0) 0 (0.0)

Absence 0(0.0) 0(0.0)

Computer-aided diagnosis <0.001
Probably benign 47 (83.9) 5(11.4)

Probably malignant 9 (16.1) 39 (88.6)

The numbers in parentheses are percentages. Student’s ¢ test was used to compare a quantitative variable (size). x>
or Fisher’s exact test was used to compare the others

CAD computer-aided diagnosis

malignant nodules (1.5+0.8 cm; p=0.031). Alongside
the US features, including a solid component, marked
hypoechogenicity, non-parallel orientation, spiculated
margins, and microcalcification, the “probably malignant”
diagnostic option of the CAD system was a significant
factor influencing the rate of detection of thyroid cancers
(p<0.001).

Diagnostic performance of the CAD system
and the experienced radiologist

Table 2 shows the diagnostic performances of the experi-
enced radiologist and the CAD system for thyroid cancer.
The sensitivity of the CAD system did not differ significant-
ly from that of the experienced radiologist (88.6% vs.
84.1%, p = 0.687); while the specificity of the CAD system
was significantly lower than that of the experienced radiol-
0gist (83.9% vs. 96.4%, p = 0.016). Diagnostic accuracy did
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not differ significantly between the CAD system and the
radiologist (86.0% vs. 91.0%, p =0.267).

Diagnostic performance of the CAD system obtained
by four different operators

Table 3 summarizes the diagnostic performance of the CAD
system obtained by four different operators with different
levels of experience at performing thyroid US. The sensitivity,
specificity, PPV, NPV, and accuracy of the CAD system were
88.6, 83.9, 81.3, 90.4, and 86.0%, respectively, for the expe-
rienced radiologist, while for the less-experienced operators
the sensitivity was 70.5-75.0%, specificity 73.2-80.4%, PPV
67.4-73.8%, NPV 75.0-78.8%, and accuracy 72.0-76.0%.
The diagnostic sensitivity of the CAD system for the experi-
enced radiologist were higher than those for the less-
experienced operators (p =0.008, 0.070, and 0.039, respec-
tively). The diagnostic accuracy of the CAD system for the
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Table 2 Diagnostic performances
of the experienced radiologist and Diagnostic measure Experienced radiologist Computer-aided diagnosis p value
the computer-aided diagnosis
system for thyroid cancer Sensitivity 84.1 (37/44) 88.6 (39/44) 0.687
Specificity 96.4 (54/56) 83.9 (47/56) 0.016
Positive predictive value 94.9 (37/39) 81.3 (39/48)
Negative predictive value 88.5 (54/61) 90.4 (47/52)
Accuracy 91.0 (91/100) 86.0 (86/100) 0.267

The p value is that of the experienced radiologist versus the CAD system. The McNemar test was used for the

statistical analysis

experienced radiologist was significantly higher than those for
the less-experienced operators (all p < 0.05). The specificity of
the CAD system was higher for the experienced radiologist,
although not significantly different (p =0.754, 0.180, and
0.109, respectively).

Figure 3 shows the ROC curves for the CAD system ob-
tained by the four different operators for thyroid cancer diag-
nosis. The AUC was 0.863 (95% CI, 0.780-0.923) for the
experienced radiologist, which was significantly higher than
that for the less-experienced radiologist (0.754 (0.648-0.835),
0.741 (0.644-0.824), and 0.718 (0.620-0.804), respectively
(p = 0.008, 0.007, and 0.002, respectively)).

Interobserver agreement for the CAD system
with four different operators

Table 4 presents the interobserver agreement for the CAD
system for four different operators. The extent of interobserver
agreement for the final diagnosis was substantial (k = 0.658).
In terms of each US descriptor, there was substantial agree-
ment for spongiform (k =0.797), echogenicity (k=0.723),
and orientation (k = 0.710), and moderate agreement for mar-
gin (k=0.479) and composition (k =0.444). For the agree-
ment regarding shape, the CAD data reported “ovoid-to-
round” margins in all cases for all observers, so that the kappa
value could not be calculated.

Discussion

This study demonstrated that the sensitivity and accuracy
of the CAD system for thyroid cancer diagnosis were not
significantly different from those of the experienced radi-
ologist. However, operator dependency still remains since
they varied according to the operator’s experience and
were lower for the less-experienced operators than for the
experienced radiologist.

Ultrasound is the primary diagnostic tool used for assessing
the malignancy risk of thyroid nodules and aiding decision-
making regarding the use of FNA [1, 2]. Despite its impor-
tance, many studies have shown that the diagnostic perfor-
mance of US is variable and affected by the operator’s expe-
rience [3—7]. This indicates that the diagnosis using US is
operator-dependent, where less-experienced operators may
make inappropriate decisions regarding the use of FNA.
Therefore, a new CAD system using artificial intelligence
was expected to improve the diagnostic performance of US
and decrease the interobserver variability via use of a semi-
automated workflow [8—12, 15]. Regarding the diagnostic
performance of the CAD system, several studies have reported
comparable diagnostic performance between the CAD system
and experienced radiologists [9, 10]. Choi et al reported a
sensitivity of up to 88.4% and suggested that the CAD system
was useful for ruling out thyroid malignancy on US and was
an easy method for determining the need for an FNA biopsy

Table 3  Diagnostic performance of the computer-aided diagnosis system obtained with four different operators

Diagnostic measure Operator 1 Operator 2 Operator 3 Experienced radiologist ~ p value ! pvalue?  pvalue?
Sensitivity 70.5 (31/44) 75.0 (33/44) 70.5 (31/44) 88.6 (39/44) 0.008 0.070 0.039
Specificity 80.4 (45/56) 73.2 (41/56) 73.2 (41/56) 83.9 (47/56) 0.754 0.180 0.109
Positive predictive value 73.8 (31/42) 68.8 (33/48) 67.4 (31/46) 81.3 (39/48)

Negative predictive value 77.6 (45/58) 78.8 (41/52) 75.0 (41/54) 90.4 (47/52)

Accuracy 76.0 (76/100)  74.0 (74/100)  72.0 (71/100)  86.0 (86/100) 0.031 0.017 0.004

CAD computer-aided diagnosis

! p value of the CAD system obtained by operator 1 versus the experienced radiologist

2 p value of the CAD system obtained by operator 2 versus the experienced radiologist

3 p value of the CAD system obtained by operator 3 versus the experienced radiologist. The McNemar test was used for the statistical analysis
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Fig. 3 A comparison of receiver operating characteristic (ROC) curves
for the different operators. Area under the ROC curve (AUC) was 0.863
for the experienced radiologist and 0.718-0.754 for the less-experienced
operators. There is a significant difference between AUC values of the
experienced radiologist and less-experienced operators

[10]. In our study, we also found high diagnostic sensitivity
(88.6%) and accuracy (86.0%) of the CAD system that was
not statistically different from that of an experienced radiolo-
gist (84.1% and 91.0%, respectively). On the other hand, the
specificity was significantly higher of the experienced radiol-
ogist (96.4%) than that of the CAD system (83.9%).
Therefore, we conclude that the CAD system may be useful
as a decision-making support to rule out cancer and ultimately
to avoid unnecessary FNA.

However, although these results demonstrate the poten-
tial usefulness of the CAD system, they may not be gener-
alizable since they were obtained only by experienced ra-
diologists. Therefore, the diagnostic performance of the
CAD system with less-experienced operators should be

Table 4 Interobserver

agreement for the CAD US criteria Observers (n=4)
system obtained with
four different operators Composition 0.444
Echogenicity 0.723
Orientation 0.710
Margin 0.479
Spongiform 0.797
Shape -
Final diagnosis 0.658

The Fleiss multirater kappa statistic was
used to obtain an overall k value among
multiple observers

US ultrasonography
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validated for its application. Here, we found that the diag-
nostic sensitivity and accuracy of the CAD system for less-
experienced operators (70.5-75.0% and 72.0-76.0%, re-
spectively) were significantly lower than those for the ex-
perienced radiologist. This indicates that the diagnostic
performance of the CAD system depends on the operator’s
experience. Therefore, although the CAD system may be
useful as a support for decision-making when used by an
experienced radiologist, its data cannot be interpreted di-
rectly by less-experienced operators, and the interobserver
variability of the US also influences the performance of the
CAD system. However, regarding the extent of interob-
server agreement, it was good (k=0.658) in this study.
Kim et al reported that the interobserver variability in US
interpretations of final category among nine observers (five
faculty members and four residents) was poor for the res-
idents (k =0.11-0.17), moderate for the faculty (k =0.55),
and fair for all nine observers (k =0.30) [7]. Choi et al
similarly reported that the interobserver agreement of the
final assessment among the four radiologists with more
than 5 years of experience was fair (k =0.54) [3]; those
values were lower than in our study. Therefore, we postu-
late that the CAD system may help to increase interobserv-
er agreement of US interpretation to a certain degree, es-
pecially for less-experienced operators; however, variabil-
ity still remains and needs improvement.

Regarding the interobserver agreement for the US charac-
teristics, there was good agreement for most of the US descrip-
tors, except for the margin and composition. The margin de-
termination by the semi-automated CAD system may be a
factor of operator-dependency. The operator selects from
among three or four candidate diagnoses presented by the
CAD system and the operator’s experience influences the final
diagnosis. As these semi-automated steps require experience
of the operators, automated process for deciding the nodule
margin seems to be necessary for improving the operator de-
pendency. Limitations remain regarding the interpretation of
compositions by the CAD system: solid nodules with a
marked hypoechoic or hypoechoic component were common-
ly misinterpreted as a partially cystic or partially solid nodule
in our study. Further validation pertaining to this issue and an
assessment based on a larger study are required to improve the
current CAD system.

There were several limitations to our study. First, our sample
size was small (100 thyroid nodules in 76 patients). We includ-
ed only thyroid nodules > 1.0 cm that had undergone US-
guided FNA, which was usually performed when suspicious
US features were noted or on the largest nodule when no sus-
picious feature was detected. Therefore, selection bias may
have been present. Second, we included only thyroid nodules
with final diagnoses confirmed by FNA or a surgical specimen,
which leads to a higher-than-average nodule malignancy rate.
In addition, since our institution was a referral center dealing



Eur Radiol (2019) 29:1978-1985

1985

with patients with more serious disease, a higher malignancy
rate may affect the diagnostic performances of the CAD sys-
tem. Third, we included only nodules > 1.0 cm to enable clear
CAD diagnoses, which might have influenced the diagnostic
performance of the CAD system. Fourth, a high percentage of
PTCs (97.4%) with a relatively low percentage of FTCs and
FVPTCs may influence the diagnostic performances of the
CAD system and the radiologist. Fifth, the CAD system does
not yet evaluate calcification. Further technical developments
will improve the performance of the CAD system.

In conclusion, the CAD system may have a potential
decision-making support in the thyroid cancer diagnosis.
However, operator dependency still remains and needs
improvement.
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