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The Korean Thyroid Imaging Reporting and Data System (K-TIRADS) is an ultrasound-based risk stratification system for
thyroid nodules that has been widely applied for the diagnosis and management of thyroid nodules since 2016. This review
article provides an overview of the use of the K-TIRADS compared with other risk stratification systems. Moreover, this review
describes the challenges in the clinical application of the K-TIRADS, as well as future development directions toward the

personalized management of patients with thyroid nodules.
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INTRODUCTION

The Korean Thyroid Imaging Reporting and Data System
(K-TIRADS) is an ultrasound (US)-based risk stratification
system (RSS) for thyroid nodules that was endorsed by the
Korean Society of Thyroid Radiology (KSThR) and Korean
Thyroid Association (KTA) in 2016 [1,2]. The K-TIRADS is
based on the initial recommendations by the KSThR in 2011
for the US-based diagnosis and management of thyroid
nodules [3]. It was developed to provide a standardized
guideline given the rapidly increasing numbers of US
examinations and US-guided biopsies for thyroid nodules.
The K-TIRADS uses a pattern-based system instead of an
individual US feature-based system or a point-based system
[4]. Compared with the individual US feature-based three-
tier risk categorization system initially proposed by the
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KSThR [3], the K-TIRADS reduces unnecessary biopsies of
benign nodules and increases the diagnostic efficacy of
biopsies of thyroid nodules [5]. The K-TIRADS and KSThR
guidelines include terminologies, definitions, an image
atlas for US lexicons, biopsy criteria for thyroid nodules,
and expanded recommendations for the risk stratification of
cervical lymph nodes and US-based management of thyroid
nodules after biopsy.

Since its publication, many studies have investigated the
diagnostic performance of the K-TIRADS for thyroid cancer
compared with other RSSs and have reported on its clinical
applications [6-12]. This review summarizes the current
evidence for the clinical application of the K-TIRADS and
highlights the challenging issues and future directions
toward the personalized management of patients with
thyroid nodules.

Clinical Role of a US-Based RSS or TIRADS

US-based RSSs or TIRADSs have become increasingly
important for the diagnosis and management of thyroid
nodules. The clinical roles of US-based RSSs have expanded
from simply estimating the malignancy risk of a nodule to
US-based management of patients with thyroid nodules.
US-based RSSs have four major clinical roles: assessing
the malignancy risk of nodules, assessing the US features
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of aggressive thyroid cancer, selecting patients eligible

for biopsy, and managing thyroid nodules before and

after biopsy. However, a US-based RSS should include

an assessment of cervical lymph node metastasis or

gross extrathyroidal extension (ETE), which is crucial for
detecting aggressive thyroid cancers requiring surgical
treatment. In addition, US-based RSSs are clinically used
to select patients eligible for biopsy and to rule out thyroid
cancer. When used as a triage tool, US-based RSSs require
an appropriate sensitivity for detecting thyroid cancer in
patients with clinically significant thyroid nodules > 1 cm
and contribute to reducing unnecessary biopsies of benign
nodules [13]. This system also has an important role in the
management of nodules that do not meet the biopsy criteria
and nodules with benign or inconclusive biopsy results in
clinical practice [1,14-16].

US Lexicons of K-TIRADS Compared with Other
RSSs

Many international societies have proposed various
US-based RSSs or TIRADSs. Among them, the KSThR/
KTA [1], American College of Radiology (ACR) [16], and
European Thyroid Association (EU) [17] proposed their
own definitions of each US lexicon for describing the
sonographic characteristics of thyroid nodules by dedicated
radiologists, whereas the American Thyroid Association (ATA)
[14] and American Association of Clinical Endocrinologists/
American College of Endocrinology/Associazione Medici
Endocrinologi (AACE/ACE/AME) [15] did not. Some
differences exist in the definitions of US lexicons among the
K-TIRADS [1], ACR-TIRADS [16], and EU-TIRADS [17]. These
include definitions for composition, including spongiform
appearance, echogenicity, and US image plane for a taller-
than-wide shape (nonparallel orientation) (Table 1) [11].
According to the K-TIRADS, a nodule without any obvious
cystic components is defined as a solid nodule and a nodule
with minimal cystic change (< 10%) is categorized as a
predominantly solid nodule. However, a nodule with minimal
cystic change is categorized as a solid nodule according to
the EU-TIRADS and may be categorized as a solid nodule
according to the ACR-TIRADS [18]. A previous study
showed that nodules with minimal cystic changes have a
low risk of malignancy, similar to partially cystic nodules,
regardless of echogenicity or the presence of suspicious
US features [19]. According to the K-TIRADS, a spongiform
nodule is defined as having microcystic changes (> 50%)
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in the isoechoic soft-tissue component. This differs from
the ACR-TIRADS in which spongiform nodules also include
hypoechoic nodules and from the EU-TIRADS in which a
spongiform nodule is more strictly defined as having tiny
cystic spaces entirely separated by numerous isoechoic
septa. In the K-TIRADS and ACR-TIRADS, the echogenicity
of a nodule with both isohyperechoic and hypoechoic
solid components is determined by the predominant
echogenicity. However, the EU-TIRADS classifies nodules
with any hypoechoic tissues as mildly hypoechoic. A recent
study showed that the malignancy risk of predominantly
hypoechoic nodules was similar to that of nodules with
homogeneous hypoechogenicity and higher than that of
predominantly isohyperechoic nodules [20]. This suggests
that the predominant echogenicity is more predictive of
the malignancy risk in nodules with mixed echogenicity.
The presence of a nonparallel orientation (taller-than-wide
shape) is defined in both the transverse and longitudinal
imaging planes by the K-TIRADS but only in the transverse
plane by the ACR-TIRADS. These differences in US lexicons
and descriptors may be controversial and might affect

the classification of nodules according to US-based RSSs.
The appropriate definitions of US lexicons should be
determined by their clinical utility for feasible clinical
application, effective risk stratification, and enhancement
of interobserver agreement.

Structure of K-TIRADS Compared with Other
RSSs

The malignancy risk of a nodule cannot be accurately
estimated by a single US predictor and should be assessed
using a combination of several US features. The predictive
ability of suspicious US features [microcalcification,
spiculated or microlobulated margins, and nonparallel
(taller-than-wide) orientation] with relatively high
specificity for malignancy demonstrates a heterogeneous
dependency on the composition and echogenicity of the
nodules [4,5]. The presence of suspicious US features has
been associated with a high malignancy risk (79%) in
solid hypoechoic nodules but with an intermediate risk
(25%) in partially cystic or isohyperechoic nodules [4,5].
These results provided a basis for the K-TIRADS, which
has a pattern-based structure developed by stratifying
the malignancy risk of a nodule using a combination of
composition, echogenicity, and suspicious US features
(Fig. 1). The widely used US-based RSSs at present are
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Table 1. Differences in the Definitions of US Lexicons Used in the Risk Stratification Systems
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Ultrasound Lexicons

ACR-TIRADS

EU-TIRADS

K-TIRADS

Composition
Solid
Spongiform
Echogenicity
Marked hypoechogenicity
Mixed echogenicity
Shape (orientation)

Image plane for evaluation
Margin

Irregular
Echogenic foci
Microcalcification

(punctate echogenic foci)

Macrocalcification

Isolated macrocalcification

Intracystic echogenic foci
with comet-tail artifacts

Solid or almost completely solid

Composed predominantly
(> 50%) of small cystic spaces
(regardless of echogenicity)

Decreased echogenicity relative
to strap muscle

Predominant echogenicity
of the solid component

Transverse

Lobulated or irregular

Punctate echogenic foci without

posterior shadowing in solid
components

Coarse echogenic foci
accompanied by acoustic
shadowing

Calcifications with strong
acoustic shadowing that
precludes or limits assessment
of internal characteristics

Large comet-tail artifacts
(V-shaped, > 1 mm)
in cystic component

Solid with < 10%
of cystic portion

Entirely tiny cystic spaces
separated by separated
by numerous isoechoic septa

Hypoechoic relative to strap
muscle

Presence of any hypoechoic
tissue indicates mildly
hypoechoic nodule

Transverse or longitudinal

Irregular (spiculated,
microlobulated)

Echogenic foci approximately
1 mm without posterior
shadowing in the solid
component

> 1-mm coarse and large
calcification with posterior
acoustic shadowing

Entirely calcified nodule

Echogenic foci with comet like
echogenic tails within cystic
component

Solid with no obvious cystic
component

Microcystic changes > 50%
in isoechoic soft-tissue
component

Hypoechoic relative to anterior
neck muscle

Predominant echogenicity
of the solid component

Transverse or longitudinal

Spiculated or microlobulated

Echogenic foci of 1 mm or
less in the solid component

Echogenic foci > 1 mm with
posterior acoustic shadowing

Entirely calcified nodule without
an identified solid component

Intracystic echogenic foci with
comet-tail artifacts

ACR-TIRADS = American College of Radiology TIRADS, EU-TIRADS = European TIRADS, K-TIRADS = Korean TIRADS, TIRADS = Thyroid
Imaging Reporting and Data System, US = ultrasonography

categorized as pattern-based systems (K-TIRADS [1] and
the ATA system [14]), combined US feature- and pattern-
based systems (EU-TIRADS [17] and the AACE/ACE/AME
system [15]), and point-based systems (ACR-TIRADS [16]
and Chinese TIRADS [21]) (Table 2).

Among them, the K-TIRADS has several advantages for
nodule risk stratification. First, it is intuitive for assessing
the US pattern of a nodule and is a clinically feasible
system that is simple to use. The pattern-based system is
easily applied clinically for classifying nodules during real-
time US examinations. Second, all thyroid nodules can
be categorized by the K-TIRADS. Isoechoic nodules with
suspicious US features (irregular margin, microcalcification,
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and a taller-than-wide shape) are not categorized by the
ATA system. An isolated macrocalcification is defined

as an entirely calcified nodule with posterior acoustic
shadowing in which no soft-tissue component is identified
owing to dense shadowing on the US image and results
mostly in central coarse macrocalcifications [22-24]. Such
macrocalcifications are classified as intermediate suspicious
nodules by the K-TIRADS [1] and as moderately suspicious
nodules by the ACR-TIRADS [8,16], but are unclassified in
other RSSs. Finally, the high suspicion category (category
5) of the K-TIRADS is highly predictive of malignancy [7]
and is appropriate for determining the need for active
surveillance in subcentimeter nodules.
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K-TIRADS

Thyroid nodule ‘

A4

Solid
hypoechoic

A

Partially cystic ‘

A4

Isohyperechoic ‘

Any suspicious
US features*

A4

Any suspicious
US features*

- Pure cyst
- Partially cystic with intracystic

comet tail artifact

- Spongiform

No suspicious US

features*
Yes No Yes No
Y A \ 4 Y ¢
High suspicion Intermediate suspicion Low suspicion Benign
(K-TIRADS 5) (K-TIRADS 4) (K-TIRADS 3) (K-TIRADS 2)
biopsy > 1.0 cm biopsy > 1.0 cm biopsy > 1.5 cm No biopsy

Ha et al.

Fig. 1. Flowchart showing the categorization of nodules in the K-TIRADS. Although biopsy is not routinely recommended for
subcentimeter K-TIRADS 5 nodules without features of aggressive thyroid cancer, biopsy may be selectively performed for subcentimeter K-TIRADS
nodules > 5 mm in candidates for active surveillance, to avoid unnecessary active surveillance in patients with benign nodules. Biopsy is not
routinely recommended for diagnostic purposes for K-TIRADS 2 nodules; however, biopsy may be necessary before ablation therapy or surgery.
*Microcalcification, nonparallel orientation (taller than wide shape), spiculated/microlobulated margin. K-TIRADS = Korean Thyroid Imaging

Reporting and Data System, US = ultrasonography

Diagnostic Performance of K-TIRADS Compared
with Other RSSs

The biopsy size thresholds and suggested malignancy risks
according to the categories of the RSSs are summarized in
Table 2. Previous studies have estimated the malignancy risk
of nodules categorized by the K-TIRADS [4,5,10-12]. The
estimated malignancy risk was 0-2% for K-TIRADS category
2 (benign), 2.4-7.8% for category 3 (low suspicion), 13.4-
33.7% for category 4 (intermediate suspicion), and 66.1-
79.6% for category 5 (high suspicion) nodules. These values
are consistent with the range of malignancy risks suggested
by the K-TIRADS. The estimated malignancy risk may be
influenced by the prevalence and histologic type of the
malignant tumors, disease spectrum of a study population,
and reference standards.

Recent comparative studies have consistently shown that
the biopsy criteria of the K-TIRADS for nodules > 1 cm had
the highest sensitivity (91.7-100%) and lowest specificity
(15.4-28.7%) for diagnosing malignant tumors, but the
highest rate of unnecessary biopsy of benign nodules
(71.3-84.6%), among the RSSs [6-12]. Meanwhile, the
biopsy criteria of the ACR-TIRADS had the lowest sensitivity,
highest specificity, and lowest rate of unnecessary biopsy of
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benign nodules. The EU-TIRADS and AACE/ACE/AME system
had intermediate sensitivity and specificity. The ATA system
had a similar sensitivity and specificity to the K-TIRADS
when unclassified nodules were categorized as intermediate
suspicious nodules [25]. These results suggest the need

for modifying the K-TIRADS to reduce the unnecessary
biopsy rate while maintaining an appropriate sensitivity for
diagnosing malignancy in small (1-2 cm) thyroid nodules.
The differences in diagnostic performance among the RSSs
are mainly attributed to differences in the size threshold for
biopsy rather than to differences in the structure (pattern-
based vs. point-based system) or US criteria for nodule
classification [10,11,25]. The diagnostic performances of
the different RSSs were similar at the same size threshold
for biopsy in simulation studies [10,11,25], and the
diagnostic performance estimated by each classification
category was comparable among the RSSs [26].

What is the Optimal Sensitivity for Detecting
Malignancy While Avoiding Unnecessary
Biopsies?

The most desirable biopsy criteria in US-based RSSs
should reduce unnecessary hiopsies as much as possible

https://doi.org/10.3348/kjr.2021.0106 kjronline.org
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while maintaining the appropriate sensitivity for detecting
malignant tumors in nodules > 1 cm. However, the
determination of the appropriate diagnostic performance
of US-based RSSs for thyroid malignancy is controversial.
The diagnostic performance of RSSs needs to be stratified
according to nodule size. Tumor size is an important
prognostic factor in papillary thyroid carcinoma (PTC)
and follicular thyroid carcinoma (FTC) [27,28]. The risk of
distant metastasis is higher for tumors > 2 cm [29], and
the risks of local tumor invasion, nodal metastasis, and
distant metastasis increase with increasing tumor size [30].
Therefore, a strategy for reducing unnecessary biopsies at
the cost of decreasing the sensitivity may be appropriate
for small nodules (1-2 cm) without aggressive thyroid
cancer features, considering the slow growth rate of most
small low-risk thyroid cancers. Meanwhile, a strategy for
increasing sensitivity at the cost of increasing the rate of
unnecessary biopsy may be appropriate for large nodules
(> 2 cm), considering the higher risk of aggressive behavior
in large malignant tumors and the low predictive ability
of the current RSSs for non-PTC malignant tumors, such as
encapsulated follicular variant PTC (FVPTC) or FTC [31-33].
The appropriate sensitivity for detecting malignancy
should be determined through a careful consideration of
the risks and benefits to patients. False-negative results
can increase the risks of morbidity and mortality due to
failed detection of malignant tumors, including rare high-
grade malignancies as well as PTC, which may be mitigated
by US surveillance of small (1-2 c¢m) low-risk thyroid
cancers. Meanwhile, false-positive results carry the risk
of potential complications and increased costs due to
increased number of biopsies, although US-guided biopsy
is a safe procedure. Inconclusive biopsy results may lead
to repeat biopsies or unnecessary diagnostic surgeries for
some nodules. Although the ACR-TIRADS has adopted larger
size thresholds for the biopsy and US monitoring of nodules
not meeting the biopsy criteria, it is still uncertain whether
US monitoring of nodule growth can effectively prevent the
potential risk of nodal or distant metastases in nodules > 1
cm. This is because no long-term active surveillance results
are available for small (1-2 cm) low-risk PTCs and the safety
of US monitoring without biopsy has not been validated in
nodules > 1 cm. Furthermore, no enlargement of the primary
tumor was evident in 11 of 12 low-risk papillary thyroid
microcarcinomas (PTMCs) (92%) showing novel lymph node
metastasis during active surveillance in a previous study
[34]. Therefore, although reducing unnecessary biopsies
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of small (1-2 cm) nodules without aggressive malignant
features is important, it is uncertain whether biopsy criteria
with very low sensitivity for detecting malignancy will be
beneficial or harmful to patients.

Clinical Applications of K-TIRADS

The selection of thyroid nodules for biopsy is determined
by the estimated malignancy risk (K-TIRADS category),
nodule size, and features of aggressive malignant tumors,
including suspected nodal metastasis and gross ETE.
Clinical risk factors (history of childhood radiation therapy,
familial thyroid cancer, increased calcitonin level, and
incidentalomas with "F-fluorodeoxyglucose uptake) and
the patient’s preference may influence the size criterion for
biopsy of K-TIRADS 3 or 4 nodules, although it is uncertain
whether clinical risk factors increase the malignancy risk
estimated according to the US pattern [35]. Immediate
biopsies may be deferred for older patients or patients
with comorbid conditions if there are no risk factors
requiring immediate surgery. Biopsy should be performed
regardless of nodule size if nodal metastasis or gross ETE is
suspected. Although biopsy is not routinely recommended
for subcentimeter K-TIRADS 5 nodules without features
indicating aggressive thyroid cancer, biopsy of candidate
nodules (> 5 mm) may be selectively performed for
active surveillance to avoid unnecessary long-term active
surveillance in patients with benign nodules showing highly
suspicious US patterns. US-guided biopsy is not routinely
recommended for K-TIRADS 2 nodules for diagnostic
purposes; however, biopsy may be necessary before ablation
therapy or surgery.

Previous studies have shown that the US pattern of the
K-TIRADS is predictive of the histologic type of thyroid
cancers [31,32,36-38]. The most common US pattern of PTC
is K-TIRADS 5, and 83% of PTC cases show the K-TIRADS 4
or 5 pattern [36]. Meanwhile, 82-92% of FTC cases show
the K-TIRADS 3 or 4 pattern [31,37,39] and 94% of other
thyroid cancer types show the K-TIRADS 4 or 5 pattern
[13]. Although the most common US pattern of classic
PTC is K-TIRADS 5, the most common US pattern of FVPTC
is K-TIRADS 4 (48.7%). The K-TIRADS pattern of FVPTC
differs according to the FVPTC subtype [32]. Most cases of
noninvasive follicular thyroid neoplasms with papillary-like
nuclear features and invasive encapsulated FVPTC show the
K-TIRADS 3 or 4 pattern, and most infiltrative FVPTC cases
show the K-TIRADS 5 pattern, similar to classic PTC [32].

https://doi.org/10.3348/kjr.2021.0106 kjronline.org
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The K-TIRADS is useful for stratifying the malignancy risk
of nodules with benign or inconclusive [nondiagnostic and
atypia/follicular lesion of undetermined significance (AUS/
FLUS)] results on fine-needle aspiration biopsy (FNAB) [39],
but not that of nodules suspicious for follicular neoplasm/
follicular neoplasm and malignancy [39,40]. In nodules with
nondiagnostic and AUS/FLUS FNAB results, the malignancy
risk increases with increasing K-TIRADS risk score. A
nondiagnostic FNAB result does not significantly affect
the malignancy risk of the K-TIRADS patterns [39] and
most such nodules require repeat biopsies. Although the
appropriate management strategy is still controversial for
nodules with AUS/FLUS FNAB results, first-line repeat biopsy
or molecular investigation is a reasonable choice over
immediate diagnostic surgery to avoid unnecessary surgery.
In nodules with benign FNAB results, only the K-TIRADS 5
pattern has a significantly increased malignancy risk (12.5%)
[39], and repeat biopsy is usually recommended for nodules
with the K-TIRADS 5 pattern.

What is the Role of a US-Based RSS in Reducing
Overdiagnosis and Overtreatment?

Cancer overdiagnosis is the detection and histologic
confirmation of a cancer that is not expected to cause
symptoms or death [41]. Epidemiologic population-based
evidence has raised awareness about the overdiagnosis and
overtreatment of various cancers [41]. The incidence of
thyroid cancer, predominantly small PTMCs, has increased
over the recent decades. This is a worldwide phenomenon
but is especially prevalent in South Korea [42,43]. Although
there may be a real increase in thyroid cancer, which is
supported by the increased incidence of thyroid cancers
of all sizes and stages and the increased incidence-based
mortality [44,45], the increased incidence is mainly
accounted for by small low-risk PTMCs detected early with US
or other diagnostic imaging modalities. This has ultimately
resulted in overdiagnosis and overtreatment [43,46].

Although reducing the diagnostic rate of indolent small
thyroid cancers by reducing the number of incidental thyroid
nodules detected by diagnostic workup may be a reasonable
solution to overdiagnosis [47], incidentalomas detected
by various diagnostic imaging procedures are inevitable
in the current practice, and this strategy might result in
potential harm by delaying the treatment of aggressive or
advanced high-risk cancers [48]. Overdiagnosis can result
in overtreatment in the form of unnecessary surgery of
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indolent thyroid cancers. A strategy that minimizes the
harm of potential overdiagnosis might be needed to reduce
overtreatment through appropriate and individualized
thyroid cancer treatment. For this strategy, the role of US-
based RSSs is essential in predicting the individualized
malignancy risk of nodules and their prognostic risk (indolent
or aggressive cancer), which will guide the decision

of whether to perform biopsy or immediate surgery for
incidental small thyroid nodules.

The harm of overdiagnosis and overtreatment is mainly
associated with small PTMCs. Active surveillance instead
of immediate surgery is becoming increasingly adopted
for low-risk PTMCs [49,50]. Although recent studies have
suggested the potential application of active surveillance
in relatively small (1-1.5 cm) low-risk PTCs [51,52], long-
term results are needed to determine if active surveillance
compared with immediate surgery is safe and effective in
reducing the possibility of overtreatment.

Challenges and Future Perspectives of K-TIRADS

A primary role of the K-TIRADS is to standardize the
reporting using the same language among US lexicons and
risk categories and to guide the appropriate management
of patients with thyroid nodules. Our experience with the
clinical application of the K-TIRADS has raised several
issues, indicating the need for updating the K-TIRADS to
optimize patient management.

First, many studies [6-12] have suggested the need for
modifying the biopsy size thresholds to reduce unnecessary
biopsies, even if this decreases the sensitivity for detecting
malignancy, in small (1-2 cm) thyroid nodules without
features of aggressive thyroid cancers. When the biopsy size
threshold for K-TIRADS 3 nodules increased from 1.5 to 2
cm, there was a significant decrease (14.1-16.2%) in the
unnecessary biopsy rate of benign nodules and a minimal
decrease (1.0-1.9%) in the sensitivity (91.6-94.7%) of
malignant tumor detection, compared with the original
FNAB criteria of the K-TIRADS (sensitivity, 93.5-95.7%)
[10,11]. When the biopsy size threshold increased from
1 to 1.5 cm for K-TIRADS 4 nodules and from 1.5 to 2
cm for K-TIRADS 3 nodules, there was a more substantial
decrease (27.0-28.9%) in the unnecessary biopsy rate
of benign nodules and a further decrease (15.0-27.1%)
in the sensitivity (66.4-80.7%) for detecting malignant
tumors [10,11]. By increasing the biopsy size threshold
of K-TIRADS 3 nodules and subcategorizing K-TIRADS 4
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nodules, the modified K-TIRADS substantially decreased the
unnecessary biopsy rate while maintaining high sensitivity
for small malignant tumors and very high sensitivity for
large malignant tumors [12].

Second, US lexicons need to be modified to make them
simpler and clearer, as well as for training to improve the
interobserver agreement in the interpretation of individual
US features and in the classification of nodules according
to the K-TIRADS. The interobserver agreement of single US
features is relatively low and highly variable (from slight
to substantial agreement) [53-55]. For the K-TIRADS, the
interobserver agreement of US classification of nodules was
substantial (x = 0.66) and the interobserver agreement of
biopsy indications was almost perfect (x = 0.91) following
training [54]. Although the interexamination agreement
between real-time and retrospective static US image
interpretation for nodule classification by the K-TIRADS
was substantial (x = 0.75) [56], there is a need for
further studies on interobserver agreement via prospective
assessments or the use of video clips of US images, rather
than static images, to validate the reliability of US feature
interpretation and improve the interobserver agreement of
the K-TIRADS.

Third, although the K-TIRADS has recommendations
for US risk stratification and biopsy criteria for cervical
lymph nodes in patients with thyroid nodules, the specific
US criteria for ETE (minor and gross) need to be further
developed in this system. Although the presence of ETE is
incorporated in the nodule risk stratification in some US-
based RSSs [15,16], the US criteria for ETE have not been
specified or validated. The presence of clinically significant
gross ETE on US suggests a possibly aggressive thyroid
cancer and will require biopsy to determine the need for
surgical treatment [57].

Fourth, the K-TIRADS does not include recommendations
for the US monitoring of nodules that do not meet the biopsy
criteria. Appropriate recommendations for the management
of these nodules are needed to reduce unnecessary US follow-
ups and to enable the appropriate management of nodules
based on their size and clinical features, such as associated
symptoms, clinical risk factors, and patient factors, alongside
their US-based malignancy risk.

CONCLUSION

The K-TIRADS is a pattern-based RSS that considers tumor
composition, echogenicity, and suspicious US features. It
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is feasible for clinical use owing to its intuitive and easy
categorization of nodules during real-time US examinations.
Although the current biopsy criteria of the K-TIRADS have
the highest sensitivity for malignancy among the US-based
RSSs, they are associated with a high rate of unnecessary
biopsies of benign nodules. The nodule size threshold for
biopsy should be revised to reduce unnecessary biopsies
while maintaining the appropriate sensitivity for detecting
malignancy according to the nodule size. Future directions
include more specific recommendations for US assessment
of aggressive cancer features (risk stratification of cervical
lymph nodes and criteria for ETE) and recommendations
for personalized management of patients before and after
biopsy.
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