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Background: This study sought to investigate the applicability of different ultrasound (US) thyroid risk
stratification systems in diagnosing medullary thyroid carcinoma (MTC) and determining the need for
biopsy.

Methods: In total, 34 MTC nodules, 54 papillary thyroid carcinoma (PTC) nodules, and 62 benign thyroid
nodules were examined in this study. All the diagnoses were histopathologically confirmed postoperatively.
All the thyroid nodule sonographic features were recorded and categorized by 2 independent reviewers
according to the Thyroid Imaging Reporting and Data System (TIRADS) of the American College of
Radiology (ACR), the American Thyroid Association (ATA) guidelines, the European Thyroid Association
(EU) TIRADS, the Kwak-TIRADS, and the Chinese TIRADS (C-TIRADS). The sonographic differences
and risk stratifications of the MTCs, PTCs, and benign thyroid nodules were analyzed. The diagnostic
performance and recommended biopsy rates for each classification system were evaluated.

Results: The risk stratifications of MTCs were all higher than the benign thyroid nodules (P<0.01) and
lower than PTCs (P<0.01) with each classification system. Hypoechogenicity and malignant marginal
features were independent risk factors for identifying malignant thyroid nodules, and the area under the
receiver operating characteristic curve (AUC) for identifying MTCs was lower than that for identifying
PTCs (0.873 ws. 0.954, respectively). The AUCs, sensitivity, specificity, positive predictive values, negative
predictive values, and accuracy values of the 5 systems for MTC were all lower than those for PTC. The
best cut-off values for diagnosing MTC were TIRADS (TR) 4 in the ACR-TIRADS, intermediate suspicion
in the ATA guidelines, TR 4 in EU-TIRADS, and TR 4b in both the Kwak-TIRADS and the C-TIRADS.
The Kwak-TIRADS had the highest recommended biopsy rate for MTCs (97.1%), followed by the ATA
guidelines, the EU-TIRADS (88.2%), the C-TIRADS (85.3%), and the ACR-TIRADS (79.4%).
Conclusions: The US-based thyroid malignancy risk stratification systems analyzed in this study were able
to satisfactorily identify MTC and recommend biopsy, but the diagnostic performance of these systems for
MTC was not as good as that for PTC.
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Introduction

Medullary thyroid carcinoma (M'T'C) accounts for 3-5% of
all malignant thyroid tumors and is a type of neuroendocrine
tumor that originates from the parafollicular cells of the
thyroid gland and secretes calcitonin (1-3). Compared
with papillary thyroid carcinoma (PTC), which accounts
for >80% of primary thyroid carcinomas and has a good
prognosis, MTC is more malignant and has a poorer
prognosis (4). The early diagnosis and timely treatment
of MTC play important roles in the prognosis of affected
patients. Most previous studies on the diagnosis of MTC
have sought to compare the sonographic features of MTC
with those of benign thyroid nodules or PTC and have
reported that the sonographic findings of MTC appear to
be similar to those of benign thyroid nodules (5-7). The
ultrasonic diagnosis of MTC remains a challenge, especially
for inexperienced clinicians. Thus, identifying the most
effective ultrasonic assessment methods for MTC has
important clinical significance.

Currently, ultrasound (US) is still the first choice for
identifying and diagnosing thyroid nodules; however, a
challenge arises in determining how to distinguish between
benign and malignant thyroid nodules to minimize
unnecessary biopsies and surgeries as much as possible.
Many scholars and clinical societies have proposed thyroid
risk stratification systems based on US findings, such as the
Thyroid Imaging Reporting and Data System (TIRADS),
to improve the accuracy of diagnosis and provide effective
guidance for clinicians (8-10). The classification methods
of different thyroid risk stratification systems differ and
include regression equations as well as weighting, counting,
and pattern-based methods (11-15). To date, several
widely recognized thyroid classification systems have
been developed, including the 2017 American College
of Radiology (ACR) TIRADS (11), the 2015 American
Thyroid Association (ATA) management guidelines (12),
the European Thyroid Association (EU) TIRADS (13), the
Kwak-TIRADS (14), and most recently, the 2020 Chinese
TIRADS (C-TIRADS) (15). These different classification
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systems have shown reliable diagnostic performance
and effectively reduced unnecessary biopsies and the
overtreatment of benign thyroid nodules to a certain extent.
However, most previous studies on thyroid classification
systems have focused on PTC, and very few studies have
evaluated the efficacy of routinely used and newly developed
thyroid classification systems in assessing M'TC.

In this study, we used the 2017 ACR-TIRADS, the 2015
ATA guidelines, the EU-TIRADS, the Kwak-TIRADS, and
the latest C-TIRADS to compare the risk stratifications and
sonographic features of thyroid nodules, including M'TC,
PTC, and benign thyroid nodules, and then evaluated
the diagnostic accuracy of the 5 thyroid risk stratification
systems for MTC. This study sought to investigate the
diagnostic performance of the currently used classification
systems for MTC and evaluate the reliability of these
guidelines in informing decisions regarding the need for
fine-needle aspiration biopsy (FNAB). We present the
following article in accordance with the STARD reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-968/rc).

Methods

The Medical Ethics Committee of Peking University First
Hospital approved this study, and the requirement for
informed consent was waived due to the monocentric and
retrospective nature of this study. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013).

Patients

From January 2009 to December 2020, 51 MTC patients
confirmed by operation and biopsy at Peking University
First Hospital were enrolled in this study. Patients were
excluded from the study if they met any of the following
exclusion criteria: (I) had not undergone a preoperative
thyroid sonographic examination; (II) had US images of
thyroid nodules that did not meet the requirements for

Quant Imaging Med Surg 2023;13(6):3776-3788 | https://dx.doi.org/10.21037/qims-22-968


https://qims.amegroups.com/article/view/10.21037/qims-22-968/rc
https://qims.amegroups.com/article/view/10.21037/qims-22-968/rc

3778

analysis; and/or (III) had incomplete clinical information.
Ultimately, 27 patients with 34 MTC lesions were enrolled
in this study. Additionally, 50 patients with PTC (with a
total of 54 nodules) and 59 patients with benign thyroid
nodules (with a total of 62 nodules), who underwent surgery
during the same period as the patients with MTC, were also
enrolled in this study as the control groups. The 62 benign
thyroid nodules included follicular adenoma (n=50) and
nodular goiter (n=12).

Sonographic examinations

All the ultrasonic examinations were performed using
7-14 MHz high-frequency linear transducers (i.e., Philips
EPIQ?7, Philips Medical Systems, Amsterdam, The
Netherlands; GE Volume E8, GE Healthcare, Chicago, IL,
USA; Siemens ACUSON S2000, Munich, Germany; and
ABVS, Siemens Medical Solutions, Erlangen, Germany).
The ultrasonic images of the thyroid nodules, including the
grayscale and color Doppler images, were saved in a picture
archiving and communication system (PACS).

US feature analysis

The preoperative ultrasonic images were retrospectively
reviewed in a PACS reporting workstation by 2 physicians
with 10 and 6 years of thyroid US experience, respectively.
As the image quality displayed by different reporting
workstations may differ slightly, the 2 reviewers used the
same workstation. All the US images of the thyroid nodules
were evaluated independently by the 2 reviewers who were
blinded to the clinical information and surgical pathology
results. The results of the reviewer who achieved better
accuracy were used for the further statistical analysis. Before
the evaluation started, the reviewers reviewed the literature
and instructions on the 5 thyroid classification systems in
detail, and then analyzed 80 thyroid nodules together to
ensure interobserver reliability.

Evaluation criteria of US features

The following characteristics of the nodules were
recorded: (I) location (right lobe, left lobe, or isthmus);
(II) size (anteroposterior, transverse, and longitudinal
diameters); (III) orientation (wider-than-tall shape or
taller-than-wide shape); (IV) margins (smooth, ill-defined,
irregular/microlobulated, or extrathyroidal extension);
(V) composition (cystic, solid, mixed predominantly solid/
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solid component >50%, mixed predominantly cystic/
solid component <50%, spongiform, or unidentified); (VI)
echogenicity (hyperechoic, isoechoic, hypoechoic, markedly
hypoechoic, or anechoic); (VII) presence of hyperechoic
foci (none, comet-tail artifacts, microcalcification/punctate
hyperechoic foci <1 mm, macrocalcification/hyperechoic
foci >1 mm, or peripheral/rim calcification); (VIII) blood
flow (absent, some, or abundant); and (IX) suspected cervical
lymph node metastasis (present or absent). Wider-than-tall
shape was defined as an anteroposterior diameter shorter
than the transverse diameter, and taller-than-wide shape
was defined as an anteroposterior diameter longer than the
transverse diameter. A nodule was defined as spongiform
if the interior of the nodule was occupied by multiple tiny
cystic spaces without solid tissues. A nodule was classified
as unidentified if it had unevaluable nodule features due
to heavy calcifications. When both macrocalcification and
microcalcification existed in a nodule, it was classified as a
microcalcification. The abnormal appearance of suspected
lymph node metastasis included a round shape, an obscure
boundary, heterogeneity with cystic components, loss
of normal echogenicity of the central lymphatic hilum,
punctate hyperechoic foci, and hypervascularity in the
peripheral portion of lymph node (16,17).

Categorization of the thyroid nodules according to the
thyroid risk stratification systems

Each thyroid nodule was categorized according to the
following 5 thyroid risk stratification systems: 2017 ACR-
TIRADS, 2015 ATA guidelines, EU-TIRADS, Kwak-
TIRADS, and C-TIRADS. Each of the 5 thyroid risk
stratification systems defines the categories of risk according
to a set of sonographic features; the higher the category, the
greater the malignant risk of the thyroid nodules.

The 2017 ACR-TIRADS assesses thyroid nodules based
on an evaluation of the following 5 key features: structure,
echogenicity, shape, margin, and echogenic foci. Each of
the 5 US features is described in detail and weighted by
set points. When evaluating the thyroid nodules, the US
radiologists calculates the total number of points according
to the set points of each US feature and then classifies
the risk stratification according to the following 5 levels:
TIRADS (TR) 1 (benign), TR 2 (not suspicious), TR 3
(mildly suspicious), TR 4 (moderately suspicious), and TR 5
(highly suspicious) (11).

Both the ATA guidelines and EU-TIRADS use pattern-
based approaches that aim to apply ultrasonic evaluation
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criteria to the least extent possible, making them simpler
than other classification systems. Based on the US features
described in each classification level pattern, the risk
categories in the ATA guidelines are benign, very low
suspicion, low suspicion, intermediate suspicion, and high
suspicion (12), and those of EU-TIRADS are TR 1 (normal),
TR 2 (benign), TR 3 (low risk), TR 4 (intermediate risk), and
TR 5 (high risk) (13).

The Kwak-TIRADS and C-TIRADS classity thyroid
nodules by counting the number of suspicious US features,
making them relatively easy to apply clinically. Additionally,
category 4 in both the Kwak-TIRADS and C-TIRADS
are subdivided into TR 4a, 4b, and 4c. According to Kwak-
TIRADS, suspicious US features include a solid or almost
solid composition, hypoechoic intensity, irregular margins,
microcalcifications, and a taller-than-wide shape; these
features are used to calculate the score for classification as
TR 3 (probably benign, no suspicious US features), TR 4a
(low suspicion, 1 suspicious feature), TR 4b (intermediate
suspicious, 2 suspicious features), TR 4c (moderate concern
but not classic, 3 or 4 suspicious features), and TR 5 (highly
suspicious, 5 suspicious features) (14). Among the 5 positive
US features included in the C-TIRADS, 3 of the features
differ somewhat to those included in the Kwak-TIRADS,
and include a solid composition, markedly hypoechoic
nodules, ill-defined/irregular margins, or extrathyroidal
extension. Conversely, the C-TIRADS uses a negative
feature (comet-tail artifact) and several positive US features
to calculate the risk stratification score, from which 1 point
is subtracted if a negative feature is present (15).

Additionally, each risk grade has corresponding
recommended strategies for clinical management, including
the recommendation to undergo FNAB or plans for
long-term follow-up. In the high-risk categories of all
5 classifications, FNAB is usually recommended when
the maximum diameter of the thyroid nodule is >1 cm;
however, in the low-risk categories, the recommended size
thresholds differ (7able I). Thus, according to the clinical
decisions recommended by each thyroid risk stratification
system, we divided the M'T'C nodules into the following 2
groups: (I) the “FNAB required” group; and (II) the “FINAB
not required” group.

Statistical analysis

The statistical analysis was performed using SPSS Version
22.0 (IBM, Armonk, NY, USA). Using the pathology results
as the gold standard, the accuracy of the 2 reviewers in
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diagnosing the thyroid nodules was calculated respectively.
The data of the reviewer who achieved better accuracy
were used for the further statistical analysis. The variables
are described as the mean = standard deviation (SD) or the
number (percentage). The distributions among the disease
groups were compared using a 1-way analysis of variance or
the chi-square test. Receiver operating characteristic (ROC)
curves were used to assess the diagnostic performance of the
5 classification systems. The sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
accuracy and the areas under the ROC curves (AUCs) were
calculated with 95% confidence intervals (CIs), and the cut-
off values were determined using the maximum Youden
index. Kappa coefficients were calculated to assess the
interobserver agreement; 0.0-0.20, 0.21-0.40, 0.41-0.60,
0.61-0.80, and 0.81-1.00 indicated poor, fair, moderate,
substantial, and perfect agreement, respectively. Two-sided
P values <0.05 were considered statistically significant.

Results
Clinical characteristics

The baseline characteristics of the patients are summarized
in Table 2. The mean sizes of the nodules in the MTC,
PTC, and benign groups were 1.74+1.23, 1.11+0.69, and
1.82£0.81 cm, respectively (MTC vs. PTC, P=0.002; MTC
vs. benign group, P=0.173; and PTC vs. benign group,
P<0.001). The lymph node metastases were confirmed by
surgical pathology in 4 MTC patients and 9 PTC patients.

Comparison of the 5 thyroid risk stratification systems and
US characteristics among the MTCs, PTCs, and benign
thyroid nodules

Using the pathology results as the gold standard, the
accuracy of the 2 reviewers with 10 and 6 years of thyroid US
experience were 85.3% and 84.6%, respectively. Thus, we
used the data of the reviewer with 10 years of experience for
the later analysis. The evaluations of the 5 risk stratification
systems and US characteristics among the MTCs,
PTCs, and benign thyroid nodules are set out in Table 2.
Statistically significant differences in the 5 stratification
systems were detected among the MTCs, PTCs, and
benign thyroid nodules. In terms of the orientation,
margins, composition, echogenicity, calcification, and blood
flow, the differences between the benign and malignant
thyroid nodules were statistically significant. Significant
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Table 1 Summary of the fine-needle aspiration biopsy recommendations of the 5 thyroid risk stratification systems for medullary thyroid carcinomas

Guidelines FNAB size cut-off (largest dimension) MTC nodules, n 2;?;:?;?
ACR-TIRADS 34 27 (79.4%)
TR1 (benign) No biopsy 0 0
TR2 (not suspicious) No biopsy 1 0
TR3 (mildly suspicious) Recommend FNAB at =25 mm; follow-up at =15 mm 1 0
TR4 (moderately suspicious) Recommend FNAB at =15 mm; follow-up at =10 mm 14 11
TR5 (highly suspicious) Recommend FNAB at =10 mm; follow-up at =5 mm 18 16
ATA guidelines 34 30 (88.2%)
Benign No biopsy 0 0
Very low suspicion Consider FNAB at =2 cm, observation is also a reasonable option 1 1
Low suspicion Recommend FNAB at =15 mm 1 1
Intermediate suspicion Recommend FNAB at =10 mm 10 9
High suspicion Recommend FNAB at =10 mm 21 18
Non-ATA pattern Recommend FNAB at =15 mm 1 1
EU-TIRADS 34 30 (88.2%)
TR1 (normal) No biopsy 0 0
TR2 (benign) No biopsy 0 0
TRS3 (low risk) Recommend FNAB at =20 mm 3 3
TR4 (intermediate risk) Recommend FNAB at >15 mm 11 10
TR5 (high risk) Recommend FNAB at =10 mm 20 17
Kwak-TIRADS 34 33 (97.1%)
TR2 (benign) No biopsy 0 0
TR3 (probably benign) No biopsy 1 0
TR4a (low suspicion for malignancy) Recommend FNAB 1 1
TR4b (intermediate suspicion for malignancy) Recommend FNAB 14 14
TR4c (moderate concern but not classic for Recommend FNAB 15 15
malignancy)
TR5 (highly suggestive of malignancy) Recommend FNAB 3 3
C-TIRADS 34 29 (85.3%)
TR2 (benign) No biopsy 0 0
TR3 (probably benign) No biopsy 1 0
TR4a (low suspicion) Recommend FNAB at =15 mm; at =10 mm when A* occurs 14 13
TR4b (moderate suspicion) Recommend FNAB at =10 mm; at =5 mm when A* occurs 7 6
TR4c (high suspicion) Similar to TR 4b 11 9
TR5 (highly suggestive of malignancy) Similar to TR 4b; recommend FNAB of any size if B* occur 1 1

A*, category 4a-5 nodules are multiple, or immediately adjacent to the trachea or recurrent laryngeal nerve; B*, there are typical cervical metastatic
lymph nodes of thyroid cancer. ACR-TIRADS, the 2017 American College of Radiology TIRADS (11); ATA guidelines, the 2015 American Thyroid
Association management guidelines (12); EU-TIRADS, European Thyroid Association TIRADS (13); C-TIRADS, the latest 2020 Chinese TIRADS (15).
MTC, medullary thyroid carcinoma; TIRADS, Thyroid Imaging Reporting and Data System; FNAB, fine-needle aspiration biopsy.
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Table 2 Comparison of the baseline characteristics, the 5 thyroid risk stratification systems, and ultrasonic features among the medullary thyroid carcinoma,

papillary thyroid carcinoma, and benign groups

. P value Pvalue P value (MTC
Category Parameter MTCs (n=34) PTCs (n=54) Ben(ff ngr;oup (malignantvs.  (MTC vs. vs. benign
benign group) PTC) group)
Characteristic Sex (male/female) 13/14 20/30 13/46 0.01 0.491 0.01
Age (years, mean + SD) 51.59+13.68 43.18+10.64 50.98+15.64 0.075 0.086 0.441
Guidelines ACR-TIRADS (categories, mean + SD) 4.24+0.89  4.86+0.36 3.26+0.81 <0.001 <0.001 <0.001
ATA guidelines (categories, mean + SD) 4.27+0.91 4.91+0.35 3.21+0.87 <0.001 <0.001 <0.001
EU-TIRADS (categories, mean + SD) 4.29+0.84 4.93+0.26 3.29+0.80 <0.001 <0.001 <0.001
Kwak-TIRADS (categories, mean + SD) 421+1.18  5.11x0.66 4.06+1.01 <0.001 <0.001 <0.001
C-TIRADS (categories, mean + SD) 4.71£1.19 5.80+0.79 3.84+0.66 <0.001 <0.001 <0.001
Orientation Taller-than-wide 8 27 1 <0.001 0.078 0.009
Wider-than-tall 26 27 61
Margins Well-defined/halo 20 9 59 <0.001 <0.001 <0.001
lll-defined 1 1 0
Irregular/microlobulated 13 42 3
Extrathyroidal extension 0 2 0
Composition Cystic, spongiform 0 0] 0 0.004 0.600 0.351
Mixed predominately solid 4 2 15
Mixed predominately cystic 0 0 2
Solid 30 52 45
Echogenicity Anechoic 0 0 0 <0.001 0.24 <0.001
Hyperechoic 1 0 0
Isoechoic 2 0 45
Hypoechoic 31 54 17
Echotexture = Homogeneous 6 13 21 0.197 >0.99 0.747
Heterogeneous 28 41 41
Calcifications Absent/comet-tail 12 12 47 <0.001 0.210 <0.001
Micro 14 34 4
Macro/peripheral 6 8 7
Foci indeterminate 2 0 4
Posterior Enhancement 1 0 0 0.033 >0.99 0.122
features Shadowing 5 6 1
No 28 48 61
Blood flow  Yes 31 12 61 <0.001 <0.001 0.378
No 3 42 1

ACR-TIRADS, the 2017 American College of Radiology TIRADS (11); ATA guidelines, the 2015 American Thyroid Association management
guidelines (12); EU-TIRADS, European Thyroid Association TIRADS (13); C-TIRADS, the latest 2020 Chinese TIRADS (15). SD, standard deviation;

MTC, medullary thyroid carcinoma; PTC, papillary thyroid carcinoma; TIRADS, Thyroid Imaging Reporting and Data System.
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Table 3 Diagnostic accuracy of the 5 ultrasound-based thyroid risk stratification systems

Groups Parameters

ACR-TIRADS

ATA guidelines

EU-TIRADS

Kwak-TIRADS

C-TIRADS

Benign/malignant ~ AUC (95% Cl)

0.897 (0.841-0.953) 0.885 (0.824-0.946) 0.908 (0.854-0.963)

0.911 (0.862-0.960)

0.891 (0.841-0.942)

Cut-off 1-4% 5" 1-4°, 5" 1-4% 5" 1-4b°, 4c-5" 1-42", 4b-5"
Sensitivity (%) 73.9 79.5 80.7 773 78.4
Specificity (%) 90.3 88.7 88.7 88.7 88.7

PPV (%) 91.5 90.9 91.0 90.7 90.8

NPV (%) 70.9 75.3 76.4 733 743
Accuracy (%) 80.7 83.3 84.0 82.0 76.0

MTC/benign AUC (95% CI) 0.843 (0.760-0.927) 0.836 (0.743-0.928) 0.868 (0.794-0.942) 0.856 (0.778-0.934) 0.790 (0.694-0.886)

Cut—off 1-3°, 4-5° 1-3°, 4-5° 1-3°, 4-5° 1-4a", 4b-5° 1-4a", 4b-5°
Sensitivity (%) 52.9 61.8 61.8 52.9 55.9
Specificity (%) 90.3 88.7 88.7 88.7 88.7

PPV (%) 75.0 75.0 75.0 72.0 73.1

NPV (%) 77.8 88.9 80.9 775 78.6
Accuracy (%) 771 79.2 79.2 76.0 771

PTC/benign AUC (95% CI) 0.931 (0.882-0.980) 0.916 (0.857-0.975) 0.933 (0.884-0.983) 0.946 (0.906-0.985) 0.956 (0.917-0.991)

Cut-off 1-4° 5° 1-4% 5° 1-4° 5° 1-4b°, 4c-5° 1-4b°, 4c-5°
Sensitivity (%) 87.4 90.7 92.6 92.6 92.6
Specificity (%) 90.3 88.7 88.7 88.7 88.7

PPV (%) 88.7 87.5 87.7 87.7 87.7

NPV (%) 88.9 91.7 93.2 93.2 93.2
Accuracy (%) 88.8 89.7 90.5 90.5 90.5

2, benign group; °, malignant group, including MTC and PTC lesions; °, MTC group; ¢, PTC group. TIRADS, Thyroid Imaging Reporting and Data
System; ACR-TIRADS, the 2017 American College of Radiology TIRADS (11); ATA guidelines, the 2015 American Thyroid Association management
guidelines (12); EU-TIRADS, European Thyroid Association TIRADS (13); C-TIRADS, the latest 2020 Chinese TIRADS (15). MTC, medullary thyroid
carcinoma; PTC, papillary thyroid carcinoma; AUC, area under the receiver operating characteristic curve; Cl, confidence interval; PPV, positive

predictive value; NPV, negative predictive value.

differences in the margins, echogenicity, and calcification
were also observed between the MTCs and benign thyroid
nodules, among which, there was a significant difference
in the margins between the MTCs and PTCs (P<0.001).
Additionally, there was a significant difference in the blood
flow between the MTCs and PTCs (P<0.001).

Comparison of the diagnostic efficacy of the S thyroid risk
stratification systems

The AUCs, cut-off values, sensitivity, specificity, PPVs,
NPVs, and accuracy of the 5 risk stratification systems are
listed and compared in Table 3. The AUCs for identifying
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malignant thyroid nodules using the ACR-TIRADS, ATA
guidelines, EU-TIRADS, Kwak-TIRADS, and C-TIRADS
were 0.897, 0.885, 0.908, 0.911, and 0.891, respectively.
The 5 classification systems showed similar diagnostic
performances.

The ROC curves of the ACR-TIRADS, ATA guidelines,
EU-TIRADS, Kwak-TIRADS, and C-TIRADS had AUCs
of 0.843, 0.836, 0.868, 0.856, and 0.790, respectively, for
differentiating between the MTCs and benign thyroid
nodules and AUCs of 0.931, 0.916, 0.933, 0.946, and 0.956,
respectively, for differentiating between the PTCs and
benign thyroid nodules. For identifying MTCs, the EU-
TIRADS showed the best diagnostic efficiency, with the
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Figure 1 ROC curves for comparison between the 5 US-based thyroid risk stratification systems and US probability. (A) Differentiation

between benign thyroid nodules and malignant thyroid nodules; (B) differentiation between MTCs and benign thyroid nodules; (C)
differentiation between PTCs and benign thyroid nodules. ACR-TIRADS, the 2017 American College of Radiology TIRADS (11); ATA
guidelines, the 2015 American Thyroid Association management guidelines (12); EU-TIRADS, European Thyroid Association TIRADS (13);
C-TIRADS, the latest 2020 Chinese TIRADS (15). ROC, receiver operating characteristic; US, ultrasound; MTC, medullary thyroid
carcinoma; PTC, papillary thyroid carcinoma; TIRADS, Thyroid Imaging Reporting and Data System.

highest AUC, sensitivity, PPV, and accuracy (0.868, 61.8%,
75.0%, and 79.2%, respectively), and the ACR-TIRADS
showed the best specificity (90.3%). For identifying PTCs,
the C-TIRADS showed the best diagnostic efficiency, with
the highest AUC, sensitivity, NPV, and accuracy (0.956,
92.6%, 93.2%, and 90.5%, respectively), and the ACR-
TIRADS showed the best specificity (90.3%). The AUCs,
sensitivity, PPVs, NPVs, and accuracy for identifying the
MTCs using the 5 classification systems were all lower
than those for the PTCs; however, the specificity for
identifying the MTCs and PTCs was similar. The best cut-
off values for diagnosing the MTCs and PTCs among the
5 classification systems were as follows: TR 4 and 5 in the
ACR-TIRADS; intermediate suspicion and high suspicion
in the ATA guidelines; TR 4 and 5 in the EU-TIRADS; and
4b and 4c in both the Kwak- and C-TIRADS.

Notably, 1 MTC nodule (2.94%, 1/34) and 1 PTC
nodule (1.85%, 1/54) were considered unclassifiable under
the ATA guidelines. All the thyroid nodules were considered
classifiable under the other 4 systems.

In addition, according to the clinical recommendations
of each guideline, the number of “FINAB required” cases
among MTC nodules were 27 (79.4%) according to
the ACR-TIRADS, 30 (88.2%) according to the ATA
guidelines, 30 (88.2%) according to the EU-TIRADS, 33
(97.1%) according to the Kwak-TIRADS, and 29 (85.3%)
according to the C-TIRADS (7Tuble 1). No significant

differences were observed in the clinical recommendations
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for FNAB across the 5 systems.

Diagnostic efficacy of US characteristics for distinguishing
between benign and malignant thyroid nodules

The multivariate logistic regression results showed that
echogenicity and margins were independent factors for
differentiating between benign and malignant thyroid
nodules. The ultrasonic probability of the malignant
nodules was calculated accordingly. The AUC for the
ultrasonic probability of malignancy was 0.923 (95% CI,
0.877-0.968). The AUC for the ultrasonic probability of
differentiation between the MTCs and benign thyroid
nodules was 0.873 (95% CI, 0.799-0.946). The AUC for the
ultrasonic probability of differentiation between the PTCs
and benign thyroid nodules was 0.954 (95% CI, 0.917-0.991).
ROC curves were used to compare the 5 guidelines and the
ultrasonic probability (Figure I).

Interobserver agreement of the 5 TI-RADS classifications

The kappa coefficients for the ACR-TIRADS, ATA
guidelines, EU-TIRADS, Kwak-TIRADS, and C-TIRADS
were 0.970, 0.969, 0.968, 0.939, and 0.963, respectively.
The kappa coefficients for diagnosing the MTCs by the 5
TIRADS classifications were 0.969, 0.913, 0.957, 0.947, and
0.955, respectively. No significant differences were observed
among the 5 classification systems.
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Discussion

Many studies have proven that malignant thyroid nodules
display certain sonographic features, such as a solid
composition, hypoechoic or markedly hypoechoic nodules,
ill-defined or irregular margins, a taller-than-wide shape,
microcalcification, and extrathyroidal extension (15,18).
These malignant US features are mainly consistent with
PTC due to the high prevalence of PTC, which accounts
for >80% of all malignant thyroid tumors. Most thyroid
risk stratification systems, including the 5 classifications
examined in our study, are based on these malignant
sonographic features. Because the malignant sonographic
characteristics of MTC are not typical of PTC, the
application of these classification systems to MTC remains
controversial. We compared the 5 thyroid guidelines for
MTCs, PTCs, and benign thyroid nodules and found
that the risk stratification of MTC was higher than that
of benign thyroid nodules and lower than that of PTC,
and there were statistically significant differences among
the M'TCs, PTCs, and benign thyroid nodules. Thus,
we observed that the MTC lesions tended to have some
malignant sonographic features, but these malignant
features were not typical of PTCs. This finding is consistent
with the findings of some previous studies (19). Thus, we
further compared the sonographic features of MTCs with
those of benign thyroid nodules and PTCs.

In our study, the sizes of the MTCs and benign thyroid
nodules were both significantly larger than those of
the PTCs, which is consistent with the results of other
studies (3,20). Our results showed that the MTCs had
some malignant sonographic characteristics, including
taller-than-wide orientation, malignant marginal features,
and hypoechoic or markedly hypoechoic nodules and
microcalcification. In our study, the MTC lesions were
mostly solid (31/34) and hypoechoic or markedly hypoechoic
(31/34). These features are attributable to the abundance
of collagen fibers and blood vessels, which are not prone to
necrosis and liquefaction (21). A total of 41.2% of the MTC
lesions showed malignant signs in terms of tumor margins,
and exhibited ill-defined, irregular or microlobulated
margins, but this proportion was significantly lower than
that of the PTCs (83.3%). Zhou et 4l. reported that 34%
of MTCs showed spiculated margins, and MTCs with a
diameter >1 cm tended to have smooth margins (22). This
is in line with our results; however, another study showed
that 60% of M'TC lesions had ill-defined or spiculated
margins (23). We presume that differences in the resolution
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of the ultrasonic instruments and the experience levels
of the observers affected the results. Microcalcification
was observed in 41.2% of all the MTCs, and taller-than-
wide shape was observed in 23.5% of all the MTCs. These
proportions were lower than those observed in the PTCs;
however, in line with the findings of previous studies (20,23),
the difference was not significant. In addition, the MTC
lesions had a more abundant blood supply than the PTCs
(91.2% ws. 22.2%, P<0.05), which is also consistent with the
findings of previous studies (24,25).

We are of the view that the increased vascularity of
MTC is related to its neuroendocrine properties. The
abundant blood supply of MTC lesions leads to rapid tumor
growth and compression of the surrounding tissues to form
pseudocapsules and thus these tumors are usually larger
than PTCs, and their well-defined margins are relatively
more visible. Further, the multivariate logistic regression
results showed that the hypoechogenicity and malignant
marginal features were independent risk factors for
identifying malignant thyroid nodules, and the ultrasonic
probability AUCs for identifying MTCs and PTCs were
0.873 (95% Cl, 0.799-0.946) and 0.954 (95% CI, 0.917-
0.991), respectively. Thus, the possibility of malignancy
should be considered when any of the above suspicious
malignant US characteristics are observed, especially
hypoechogenicity and malignant marginal features. The
lymph node metastasis rate of MTC in our research was
14.8% (4/27), and 2 of these 4 patients had multifocal
lesions. Notably, the lymph node metastasis rate of PTC
was slightly lower than that of PTC in this study (18.0%,
9/50) and significantly lower than that reported in other
studies (23,26). This might be due to the small sample size
used in our study and the early detection of these cases.

To confirm the utility of the thyroid classification
systems, we compared the efficacy of these 5 classification
systems for the diagnosis of malignant thyroid tumors,
including MTCs and PTCs. Our results showed that all 5
classification systems proved to be effective risk stratification
methods in diagnosing malignant thyroid nodules, and had
similar and good diagnostic performance. Among them,
the Kwak-TIRADS had the best sensitivity, and the ACR-
TIRADS had the best specificity. Our results also revealed
the excellent diagnostic efficiency of the 5 guidelines in
identifying PTCs. Notably, the C-TIRADS had higher
AUC than the other 4 systems (0.956 vs. 0.916-0.946).

The 5 classification systems also had good diagnostic
efficiency for MTCs; however, the AUCs for the MTCs
were all lower than those for the PTCs (0.843 for the
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ACR-TIRADS, 0.836 for the ATA guidelines, 0.868 for
the EU-TIRADS, 0.856 for the Kwak-TIRADS, and
0.790 for the C-TIRADS). In addition, the best cut-off
values for the PTCs according to the ACR-TIRADS, ATA
guidelines, EU-, Kwak-, and C-TIRADS were TRS5, high
suspicion, TRS, TR 4c¢, and TR 4c, respectively; however,
the corresponding best cut-off values for the MTCs were
TR4, intermediate suspicion, TR4, TR 4b, and TR 4b.
Thus, the risk stratifications for diagnosing M'TCs were
all 1 level lower than those for PTCs. Previous studies also
found that MTC nodules were more likely to be classified
as intermediate risk than PTC nodules due to their less
suspicious malignant features (12,23).

In diagnosing M'T'Cs, the EU-TIRADS showed the best
diagnostic efficiency, with the highest AUC, sensitivity,
and accuracy (0.868, 95% CI, 0.794-0.942; 80.7%, and
84%, respectively), and the ACR-TIRADS showed the
best specificity (90.3%). Apart from the C-TIRADS, some
studies examining the diagnostic efficacy of the other
4 guidelines reported similar results (27,28). The AUC of
the C-TIRADS was lower than that of the other 4 guidelines
in evaluating the M'TCs (0.790, 95% CI, 0.694-0.886), and
as such, the diagnostic efficiency of the C-TIRADS should
be considered relatively poor. Our results showed that
94.1% of the MTCs (32/34) were stratified as intermediate
to high risk in the ACR-, EU-, and Kwak-TIRADS, while
91.2% (31/34) of the MTCs in the ATA guidelines and only
55.9% (19/34) in the C-TIRADS, and 41.2% (14/34) were
classified as low risk in C-TIRADS. We observed that 1 of
the suspicious malignant characteristics in the C-TIRADS is
a markedly hypoechoic nodule, which differs to that of the
other 4 classifications, in which the set of suspicious echo
characteristics are all hypoechoic. Only 2 MTC nodules
were markedly hypoechoic among our MTC lesions, which
might have led to a reduction in the risk classification
performance of the C-TIRADS for MTCs.

The ultimate purpose of classifying thyroid nodules
using each system is to make reasonable treatment plans.
However, the sonographic characteristics and size cut-off
values of the thyroid nodules recommended for FNAB vary
across the different guidelines (29,30). In relation to the
clinical recommendations of each guideline, the percentages
of MTC nodules recommended for FNAB were 79.4% in
the ACR-TIRADS, 88.2% in the ATA guidelines, 88.2%
in the EU-TIRADS, 97.1% in the Kwak-TIRADS, and
85.3% in the C-TIRADS. The Kwak-TIRADS had the
highest percentage of recommended FINAB cases, as FNAB
was suggested for the nodules classified as TR4a and above.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Only 1 MTC nodule was classified as TR3 under the Kwak-
TIRADS and not recommended for FNAB; however, this
MTC nodule was classified as TR2 according to the ACR-
TIRADS, as very low suspicion according to the ATA
guidelines, and as TR3 according to the EU-TIRADS
and C-TIRADS. We reviewed the sonograms and found
that this MTC nodule was a solid-cystic mass with the
characteristics of a benign thyroid nodule; however, as the
maximum diameter of this nodule was >2.0 cm, FNAB
was recommended under the ATA guidelines and EU-
TIRADS but not under the other 3 guidelines. Moreover,
the ATA guidelines and EU- and C-TIRADS had similar
percentages of MTC nodules recommended for FNAB,
while the ACR-TIRADS had the lowest percentage, which
can be explained by the ACR-TIRADS having a larger
size criteria for FNAB. Two MTC nodules classified as
TR4 under the ACR-TIRADS were not recommended
for FNAB due to the maximum diameters being smaller
than the size cut-off of 1.5 cm. Conversely, these 2 MTC
nodules were recommended for FNAB under the ATA
guidelines and the EU- and C-TIRADS, as the size cut-off
values for the similar categories were all 1.0 cm. Among all
the MTC nodules not recommended for FNA, 3 nodules
with an average diameter of 0.56-0.61 c¢cm did not show
obvious blood flow signals, which may be because the
nodules were too small to be easily detected. Conversely,
the other 4 M'T'C nodules had an abundant blood supply. If
a thyroid nodule with an abundant blood supply is classified
as TR4/4a or higher under the guidelines, we are of the
view that FNAB should be performed to avoid any delays
in the diagnosis and treatment of MTC. Thus, while the
risk stratification of a small portion of MTC lesions may
be underestimated due to atypical malignant sonographic
manifestations, the adoption of the recommendations at
different classification levels could improve the diagnostic
efficiency and avoid delays in the diagnosis and treatment
of MTC.

Our study compared the diagnostic performance of
5 thyroid risk stratification systems for M'T'C, including the
most recently published C-TIRADS. To date, many studies
have examined the applicability of different guidelines in
thyroid carcinoma; however, these studies have mostly
focused on PTC, and few studies have focused on MTC
using the most commonly used and latest guidelines. The
results of this study indicated that the 5 current thyroid risk
stratification systems satisfactorily stratify M'TCs, providing
a foundation for further management. Additionally, the
overall interobserver agreement was excellent between
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the 2 US physicians with 10 and 6 years of experience,
respectively, in diagnosing all the thyroid nodules and
MTCs using the 5 guidelines.

Our studies had some limitations. First, it was a single-
center retrospective study with a low incidence of MTC.
The proportion of patients with MTC was low, and the
patients who had incomplete clinical information and US
images at our center were not included in this study, which
might have caused inherent selection bias. A comprehensive
multicenter prospective study needs to be conducted to
confirm these findings in the future. Second, 2 US doctors
retrospectively read the preoperative US images on a
reporting workstation, which might have decreased the image
quality and resulted in incomplete data. The 2 US doctors
reviewed the 5 guidelines together, but their understandings
of these classifications might nonetheless have differed.
Thus, we tested the consistency of their classification results,
and both doctors showed good agreement with each other.

Conclusions

In conclusion, according to the clinical decisions
recommended by the thyroid risk stratification systems,
the diagnostic efficacy of the 5 guidelines in detecting
MTC, including the ACR-TIRADS, ATA guidelines, EU-
TIRADS, Kwak-TIRADS, and C-TIRADS, is satisfactory,
but it is not as good as that for PTC.
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