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Abstract

Numerous scientific societies around the world have published their TIRADS (Thyroid
Imaging Reporting and Data System) classifications that evaluate the risk of malignancy of
focal thyroid lesions, presenting different ultrasound features for each category and lesion
size thresholds to determine eligibility for biopsy. The use of such risk estimation systems in
focal thyroid lesions facilitates the reporting of thyroid ultrasound findings and improves the
qualification of focal lesions for fine-needle aspiration biopsy (FNAB). In this publication, the
three most popular TIRADS classifications, European — EU-TIRADS, Korean — K-TIRADS,
and developed by the American Society of Radiology — ACR-TIRADS, are presented and dis-
cussed based on a literature review. The results of available head-to-head statistical analy-
ses comparing the classifications are also presented. The advantage of the EU-TIRADS and
K-TIRADS systems is that they include only the most important ultrasound features, so their
application is not time-consuming, and the scores are easy to incorporate into clinical prac-
tice. ACR-TIRADS, unlike other scales, is based on a unique classification system and rep-
resents the most comprehensive classification. Each of the five categories of ultrasound fea-
tures — morphology, echogenicity, shape, margins, microcalcifications — are evaluated and
assigned a score from 0 to 3, with a higher score being associated with a higher risk of cancer.
Based on the available data, the greatest benefit has been demonstrated for the ACR-TIRADS
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classification, which also has implications for minimising the number of unnecessary FNABs.
However, limitations related to the heterogeneity of the groups analysed in the study, includ-
ing differences in the populations studied, inclusion criteria, proportions of patients of either
sexes, and the number of malignant lesions analysed, should also be taken into account.

Introduction

Ultrasonography (USG) is a non-invasive and widely
available diagnostic tool in the evaluation of focal thyroid
lesions. The main limitation associated with the modality
is the subjectivity of assessment of ultrasound features and
the fact that it is impossible to visualise structures located
retrosternally®. It is characterised by relatively low diag-
nostic sensitivity for particular ultrasound features in
estimating the malignant potential of focal lesions (27—
63%), with high specificity reported for features including
microcalcifications (87.8%), central vascularisation (78%),
irregular margins (83.2%), shape higher than wider (96%),
use of elastography (86.2%)®. In 2009, Horvath et al.,
based on the Breast Imaging Reporting and Data System
(BIRADS), was the first to propose a similar classification
for thyroid imaging — Thyroid Imaging Reporting and Data
System (TIRADS). The aim was to introduce a lexicon of
sonographic features of focal thyroid lesions, to categorize
findings, and to define further diagnostic and therapeutic
management, including indications for fine-needle aspi-
ration biopsy (FNAB)®. Targeted fine-needle aspiration
biopsy is an important diagnostic tool for focal thyroid
lesions, thus being a necessary complement to ultrasound
diagnosis. Over the following years, numerous scientific
societies worldwide have published classifications estimat-
ing the risk of focal thyroid lesions and presenting varied
size thresholds and ultrasound features for each category,
including those for biopsy.

The TIRADS classification is intended to have a high
sensitivity and thus exclude low-risk lesions from biopsy
and minimise the proportion of false-negative lesions.

However, it should be noted that in addition to sensitivity,
it is important to obtain the highest possible level of speci-
ficity, in order to eliminate over-diagnosing and treating
patients who do not actually need it. Unfortunately, there
is no perfect tool with sensitivity and specificity levels
equal to 100%, so it is essential to compare different clas-
sifications and adapt the best one to the diagnostic needs
in a given population.

In this publication, the authors present a review of the
literature based on meta-analyses on the most frequently
cited TIRADS classifications.

EU-TIRADS classification — a literature review

The EU-TIRADS classification was introduced in 2017
and presented as a guideline by the European Thyroid
Association (ETA)®. This scoring system is derived from
the French classification, which was prospectively vali-
dated before its introduction, and its high diagnostic
value was confirmed by Yoon ez a/. in a study of 4,696 thy-
roid nodules (TN), which showed a high level of sensitivity
and negative predictive value (NPV)®. The lesions were
divided into four categories — from 2 to 5 (EU-TIRADS 1
corresponds to the normal thyroid). A description of each
category, tumour risk, and suggested indications for
biopsy are shown in Tab. 1. A description of the lesions
from each category is accompanied by sample ultrasound
images (Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 5, Fig. 6).

The actual performance of the EU-TIRADS classification
has also been tested on the Polish population. It was first

Tab. 1. EU-TIRADS classification according to the recommendations of the European Thyroid Association (2017)

Category Risk of s .
EU-TIRADS Type of change malignancy Indications for biopsy
1 without focal changes close to 0% not recommended
anechogenic not recommended (exception: therapeutic biopsy in
2 ) . L . close to 0% B ) .
mixed solid-cystic with spongiform structure symptomatic patients, e.g. cyst emptying)
oval shape
3 ) regular margins ) 2-4% >20 mm
isoechogenic or hyperechogenic
without high-risk ultrasound features
oval shape
4 _ regular margins 6-17% >15mm
slightly hypoechogenic
without high-risk ultrasound features
deeply hypoechogenic
5 shgpe other than. oval 26-87% ~10mm
irregular margins
microcalcifications
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Fig. 1 EU-TIRADS 1, normal parenchyma (cross-section of the right
lobe)

Fig. 3. EU-TIRADS 2, spongiform lesion

Fig. 2. EU-TIRADS 2, simple cyst

Fig. 4. EU-TIRADS 3, solid isoechogenic lesion with hypoechogenic
halo

Fig. 5. EU-TIRADS 4, solid hypoechogenic lesion. CD imaging
shows marginal and central vascularisation

evaluated by Skowronska et al. on a group of 52 patients
with the presence of 40 TNs; the evaluation of the nature
of the lesions was performed in relation to the histo-
pathological examination®. The percentage of thyroid
cancer was 0% in EU-TIRADS 2; 0% in EU-TIRADS 3;
5.9% in EU-TIRADS 4, and 75% in EU-TIRADS 5. When
EU-TIRADS =4 was used as the cut-off value, the sensi-
tivity, specificity, PPV (positive predictive value) and NPV
were 75%, 94.1%, 75% and 94.1%, respectively.

Fig. 6. EU-TIRADS 5, solid hypoechogenic lesion with bright echoes
(microcalcifications), uneven margins, irregular in shape

Another study conducted to verify the diagnostic effi-
cacy of the EU-TIRADS RSS (Risk Stratification Scale)
in the Polish setting was a multi-centre study published
by Dobruch-Sobczak et al., in which a total of 842 TNs
(613 benign, 229 malignant) were identified in 428 patients,
and their nature was confirmed by histopathological veri-
fication”. The malignancy rate per EU-TIRADS category
was as follows: 0% (EU-TIRADS 2), 3.2% (EU-TIRADS 3),
11.7% (EU-TIRADS 4), and 43.5% (EU-TIRADS 5).
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The authors showed that if the cut-off points for FNAB
proposed in the guidelines were used, 36% of malignant
TNs would be missed. The cut-off value at EU-TIRADS 4
was characterised by high sensitivity (100%) an low speci-
ficity (25.1%); at the cut-off for EU-TIRADS 5 the values
were 93.4% and 54.6%, respectively. Another study seek-
ing to evaluate the benefits of the EU-TIRADS classifica-
tion in the Polish population was the prospective study by
Szczepanek-Parulska ef al. in which a total of 133 TNs from
88 patients were analysed, bringing the following results:
sensitivity 90.9%, specificity 61.2%, PPV 69.8%, NPV
87.2%, and accuracy 75.9%®. Another study conducted in
Poland assessed the usefulness of the EU-TIRADS clas-
sification in the diagnosis of TNs from Hiirthle cells (HC)
with ambiguous cytological findings. The aim of the study
was to compare the diagnostic efficacy of EU-TIRADS
in two groups of TNs with equivocal cytology (categories
I1I-V of the Bethesda system), with and without Hiirthle
cells. The study included a total of 162 HC and 378 non-
HC TNs with an established histopathological diagnosis
(17.9% and 15.6% of tumours). The authors concluded that
the EU-TIRADS classification did not support clinical
decision-making in patients with cytologically equivocal
HC TNs, especially those classified as category IV of the
Bethesda System for Reporting Thyroid Cytopathology
(BSRTC)®. The EU-TIRADS score was also found to cor-
relate with a positive BRAF mutation in patients with
early-stage papillary thyroid carcinoma (PTC). However,
since the conclusions were drawn based on the analysis of
just 49 lesions, they need to be confirmed in large-scale
studies?.

A recently published paper including 80 patients supported
the idea of active surveillance of TN <1 cm classified as
EU-TIRADS 5%, Sixteen (20.0%) of these patients under-
went surgery after a median follow-up of 57.2 months,
which confirmed the diagnosis of PTC in 15 out of 16 cases,
and all were in remission after a follow-up of 612 months.
The results suggest good accuracy of the EU-TIRADS 5
category in the classification of malignant TNs even <1 cm
in diameter, and the possibility of careful monitoring for
TN classified as EU-TIRADS 549,

The largest published multi-centre study undertaken to
date with a view to evaluating the diagnostic performance
of EU-TIRADS with respect to histopathology was that
conducted by Trimboli et al."?. This retrospective study
included a total of 1,058 TNs, of which 24.3% proved to
be malignant. The incidence of malignancy was 1.4%,
3.5%, 17%, and 87.7% in grades 2-5. When EU-TIRADS
categories 4 and 5 were combined, 93% sensitivity and
97% NPV were achieved. Using the recommended crite-
ria for FNAB, a decrease in NPV to 90.9% was achieved.
The largest meta-analysis on this topic was published
by Castellana et al.'¥ Seven studies evaluating a total of
5,672 TNs with histopathological evaluation as the ref-
erence standard were included. The incidence of malig-
nancy in each EU-TIRADS category was: 0.5%, 5.9%,
21.4%, and 76.1%. The sensitivity, specificity, PPV, NPV
of EU-TIRADS 5 were 83.5%, 84.3%, 76.1%, and 85.4%,
respectively. Further improvement in results was found

after excluding two studies with limited sample size and
low incidence of malignancies in class 5!%. The efficacy
of the EU-TIRADS score was also tested in a paediatric
population of 24 patients (31 TNs), 14 of whom under-
went thyroidectomy; all malignant TNs were classi-
fied as EU-TIRADS grade 4 or 5. The sensitivity of the
EU-TIRADS classification in detecting malignant TNs
was 100%, specificity was 25%, PPV was 44%, and NPV
was 100%"%.

One recent study by Kovatcheva et al. aimed to evalu-
ate the utility of the EU-TIRADS score in the assessment
of TNs for FNAB and its ability to reduce unnecessary
FNABs"». The study was a prospective single-centre
analysis and included 741 patients with a total of 942
TNs. The malignancy rates in the categories 2 to 5
were 0, 0, 3.8, and 30.6%, respectively. The sensitivity,
specificity, PPV, NPV and accuracy of EU-TIRADS with
a cut-off point in category 5 were 91.3, 74.6, 30.6, 98.6,
and 76.4%, respectively. The diagnostic performance in
aspects other than sensitivity and NPV was better in nod-
ules 210 mm in size. The authors noted that the number
of FNABs would decrease by 53.4% if the FNAB criteria
were strictly followed. When FNAB indications were fol-
lowed, the estimated sensitivity, specificity, PPV and NPV
of EU-TIRADS were 69.9, 56.3, 16.4 and 93.8%, respec-
tively"®. The usefulness of EU-TIRADS was also demon-
strated in a group of 75 TNs showing increased radio-
isotope uptake on 18F-FDG PET/CT, which was further
evaluated on thyroid ultrasound. The cancer rate in this
group was 0% in EU-TIRADS 2, 2.9% in EU-TIRADS 3,
4.2% in EU-TIRADS 4 and 78.6% in EU-TIRADS 5
(p <0.001). The sensitivity, specificity, PPV, NPV and
scale accuracy were found to be 5%, 95%, 79%, 97% and
93%, respectively. Based on these findings, it was con-
cluded that EU-TIRADS might be helpful in predicting
the nature of TNs detected by 18F-FDG PET/CT"9.

In conclusion, the EU-TIRADS system is a simple and
valuable RSS with a very good level of sensitivity, easy to
incorporate into clinical practice. Its main strength lies in
very high NPV, which contributes to reducing the number
of FNABs.

ACR-TIRADS classification - a literature
review

In 2017, the American College of Radiology (ACR), in
collaboration with the American Association of Clinical
Endocrinologists (AAEC) and the American Thyroid
Association (ATA), developed a practical ultrasound sys-
tem for assessing the malignancy risk of thyroid nod-
ules, called the ACR Thyroid Imaging, Reporting and
Data System (ACR-TIRADS)"”. The concept is based on
the commonly and widely used BIRADS system for the
assessment of focal breast lesions!"®. The primary goal
of the ACR-TIRADS classification, as well as other ultra-
sound RSSs, is to identify among TNs those which, based
on the ultrasound findings, raise suspicion of neoplastic
lesion and thus require deeper diagnostics and additional
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Tab. 2. ACR TI-RADS classification — ultrasound features and their
score values

Ultrasound Ultrasound scoring characteristics
features Details of US characteristic with point values
Morphology cystic=0

spongiform =0

mixed cystix and solid = 1
solid =2

indeterminate = 2

Echogenicity anechogenic=0
isoechogenic=1
hyperechogenic =1
heterogeneous =1
hypoechogenic = 2
deeply hypoechogenic =3

Shape wider than tall =0
taller and wide =3

Margins/borders | smooth =0
ill-defined = 0

cannot be determined = 0
lobulated or irregular = 2
extra-thyroidal extension = 3

none =0

comet tail artefacts =0

macrocalcifications = 1

peripheral (rim) calcifications = 2

punctate echogenic foci (microcalcifications) = 3

Hyperechogenic
areas

procedures, most often using FNAB. Additionally, the
classification helps to standardise the conclusions arising
from the interpretation of ultrasound images, thus improv-
ing and streamlining communication between ultrasound
technologists and clinicians, while contributing to a reduc-
tion in over-performed FNAB.

ACR-TIRADS, unlike other scales, is based on a unique
scoring classification. Of the five categories of ultrasound
features, individual elements — morphology, echogenicity,
shape, margins, and microcalcifications — are evalu-
ated and assigned a value of 0 to 3 points, with a higher
score being associated with a higher risk of malignancy
(Tab. 2). The total score determines the TIRADS malig-
nancy risk (TR) divided into the following categories: TR1
- benign (0 point), TR2 - not suspicious (2 points), TR3 -
slightly suspicious (3 points), TR4 — moderately suspicious
(4-6 points) and TR5 - highly suspicious (27 points). The
combined assessment of TR grade and maximum lesion
diameter determines further management, which may
be invasive (FNAB) or observation. The estimated risk of
malignancy in each group is: <2% for TR1 and TR2, <5%
for TR3, ranging from 5.1% to 20% for TR4 and >20%
for TR5. In addition, ACR-TIRADS is part of a new inter-
active online algorithm, called TNAPP (Thyroid Nodule
App), which was presented at the American Association
for Clinical Endocrinology annual conference in 2021%9.
The innovation of TNAPP is based on combining clinical
factors, ultrasound and FNAB features and provide clear
suggestions for further management of TNs.

The diagnostic value of ACR-TIRADS has been confirmed
in a number of recent studies. In a meta-analysis published
by Li et al., including 16 studies and evaluating 21,882
TNs, the authors showed that the meta-analytic overall
sensitivity and specificity for risk stratification were 89%
(95% CI, 81-93) and 70% (95% CI, 60-78)?%. The diag-
nostic odds ratio (DOR) was 18.46 (95% CI 9.77-34.88).
Among these studies, 10/16 articles compared the direct
diagnostic utility of ACR with ATA guidelines, while 6
studies compared ACR with Korean TIRADS, observ-
ing similar sensitivity (83% vs 87% and 85% vs 91%), but
higher specificity of ACR compared with the other two
(65% vs 50%, 57% vs 24%).

In conclusion, ACR-TIRADS is a well-established, valu-
able tool used in the assessment of TN malignancy risk
that provides extensive and detailed lesion characteri-
sation with clear management recommendations, thus
avoiding unnecessary FNABs. The main disadvantage of
this system when used in daily clinical practice is that it
is quite time-consuming to use, particularly for novice
clinicians.

K-TIRADS classification — a literature review

In 2016, the Korean Society of Thyroid Radiology
(KSThR) presented the K-TIRADS classification and rec-
ommendations, describing the terminology and symptom-
atology of ultrasound imaging of focal thyroid lesions®@".
These ultrasound image features were used to develop the
K-TIRADS classification and recommendations for each
category. In addition to the B-mode image, the authors
also detailed the vascularisation types of focal lesions and
the potential role of sonoelastography in the differential
diagnosis of TNs, but did not include them in the classifi-
cation itself due to the divergent results presented in the
literature. The classification itself is based on the ultraso-
nographic features of the B-mode image. The following
were considered suspicious features: microcalcifications,
vertical shape of the lesion, spiculated/microlobulated
margins®?", K-TIRADS 1 corresponds to healthy thyroid
parenchyma without focal lesions. K-TIRADS 2 should
be assigned to cysts, partially cystic lesions with comet
tail artefacts present, and spongiform nodules. Partially
cystic lesions that are iso-, hyperechogenic or of mixed
echogenicity (iso-/hyper-) without any of the ultrasound
suspicious features are assigned to category “3”, while
lesions with any of the suspicious features present are
assigned to category “4”. Similarly, category 4 is assigned
to solid, hypoechogenic lesions without suspicious fea-
tures. K-TIRADS 5 refers to solid hypoechogenic lesions
with at least one suspicious feature present. Further man-
agement of focal lesions depends on their size (referring
to the largest dimension)©@V:

¢ Category 2:
- spongiform lesions, FNAB =2 cm (risk of malignancy,
RA <3%),
- partially cystic lesions with comet tail artefacts pres-
ent, FNAB not recommended (RA <1%),

J Ultrason 2022; 22: e121-e129
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* Category 3: FNAB =1.5 cm (RA 3-15%),

* Category 4: FNAB =1 cm (RA 15-30%),
- solid hypoechogenic focal lesion without suspicious
features,
- partially cystic or iso-/hyperechogenic lesion with any
suspicious feature present,

e Category 5: FNAB =1 cm or selectively lesions >5 mm
(RA >60%).

Compared to ACR-TIRADS, the K-TIRADS classification
seems more intuitive, however it should be remembered
that ACR-TIRADS allows (and also requires) a more
objective assessment (analysis) of each individual lesion
(in contrast to K- and EU-TIRADS). Moreover, it should
be noted that focal lesions with suspicious features, with
mixed or solid structure and iso-/hyperechogenic in the
K-TIRADS classification are in category 4" as in ACR-
TIRADS""classification, whereas in the EU-TIRADS
classification they are assigned to 5%. K-TIRADS, like
EU-TIRADS, do not consider macro-calcifications, annu-
lar calcifications and infiltration beyond the thyroid cap-
sule as higher risk features in contrast to ACR-TIRADS,
thus omitting quite important TN features considered
suspicious in the literature. Another discrepancy among
the classification is seen in the cut-off thresholds for
the size of nodules referred for FNAB. The authors of
K-TIRADS recommend cytological verification in cat-
egories 4 and 5 for lesions measuring =10 mm, noting
the possibility of selective FNAB in category 5 for lesions
>5 mm in size. For EU-TIRADS and ACR-TIRADS cat-
egory 4, FNAB is recommended if the lesion is >15 mm in
size and >10 mm in category 5#'72Y, In the meta-analysis
by Kim et al., comparing the diagnostic ability of K, ACR-
and EU-TIRADS classification against the cut-off points
for category 5 (Tab. 3) and 4 or 5 (Tab. 4), no statistically
significant differences were found. However, there was
a trend towards higher sensitivity values for EU-TIRADS
and higher specificity for K-TIRADS, and the sensitiv-
ity and specificity results are presented in Tab. 3 and
Tab. 4@?, In a second meta-analysis comparing the diag-
nostic ability of these classifications, a similar conclusion
was reached - the results for sensitivity and specificity
for these classifications against category 5 (Tab. 5) and 4
or 5 (Tab. 6) are similar®?.

The discussion on the TIRADS classification should also
include the problem of fine-needle biopsy and, more spe-
cifically, the percentage of unnecessary procedures gen-
erated by each classification. This aspect is further dis-
cussed in the following meta-analysis®®. In this study,
the authors indicate that the K-TIRADS classification is
characterised by a high percentage of unnecessary biop-
sies: 55%. The lowest percentage characterises the ACR-
TIRADS classification (25%), significantly lower than for
K-TIRADS (p <0.05) and lower compared to EU-TIRADS
(38%; p = 0.087). Clearly, this percentage is closely
related to both the stratification of focal lesions (assign-
ment to categories) and the nodule size cut-off point.
Thus, borrowing the cut-off points from the ACR-TIRADS

Tab. 3. Comparison of the diagnostic parameters of the K-, ACR-
and EU-TIRADS classifications against the cut-off point for
category 5%

Category 5 Sensitivity (%) Specificity (%)
K-TIRADS 64 93
ACR-TIRADS 70 89
EU-TIRADS 78 89

Tab. 4. Comparison of diagnostic parameters of the K-, ACR- and
EU-TIRADS classification in relation to the cut-off point for
category 4 or 5%

Category 4 or5 Sensitivity (%) Specificity (%)
K-TIRADS 92 61
ACR-TIRADS 95 49
EU-TIRADS 96 48

Tab. 5. Comparison of diagnostic parameters of K-, ACR- and EU-
TIRADS classification in relation to the cut-off point for

category 5
Category 5 Sensitivity (%) Specificity (%)
K-TIRADS 55 95
ACR-TIRADS 66 91
EU-TIRADS 82 90

Tab. 6. Comparison of diagnostic parameters of the K-, ACR- and
EU-TIRADS classification in relation to the cut-off point for
category 4 or 5%

Category 4 or5 Sensitivity (%) Specificity (%)
K-TIRADS 89 64
ACR-TIRADS 95 55
EU-TIRADS 96 52

classification and applying them to the K-TIRADS and
EU-TIRADS classifications will reduce the proportion of
unnecessary FNAB®@%. However, it is important to note
that a reduction in so-called unnecessary biopsies is not
necessarily a desirable solution. It may entail an increase
in the percentage of undiagnosed tumours, which may
negatively affect the survival curve of patients with thy-
roid cancer. Based on meta-analyses alone, it is difficult
to draw a definitive conclusion on the rate of unneces-
sary biopsies. The economic element, i.e. the percentage
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of unnecessary biopsies and thus the possible rate of
false positives with their consequences that researchers
are willing to accept, may be a factor that facilitates the
decision.

Summary of meta-analyses of studies including
head-to-head comparative assessment of the
use of TIRADS classification in estimating

the malignancy potential of focal lesions

of the thyroid gland: a review of the literature

The aim of this analysis is to evaluate the application
of five major classifications: ACR-TIRADS (American
College of Radiology guidelines), ATA (American Thyroid
Association guidelines), Kwak-TIRADS, K-TIRADS
(Korean Thyroid Association/Korean Society of Thyroid
Radiology (KTA/KSThR) guidelines) (K-TIRADS is
a development of the Kwak-TIRADS classification), and
EU-TIRADS (European Thyroid Association (ETA) guide-
lines) in estimating the malignancy potential of focal thy-
roid lesions. Over the last few years, a number of studies
have been published comparing the use of the TIRADS
classification in the assessment of the malignancy risk
of focal thyroid lesions, selected elements of which are
presented in the following summary.

Yang et al. conducted a meta-analysis of 19 studies evalu-
ating the clinical benefit of using the five classifications
enumerated above. The meta-analysis included the results
of research presented in articles published between 2015
and 2020. Between 100 and 4,696 focal lesions of the thy-
roid gland (24,325 lesions in total) diagnosed in between

92 and 4,585 patients were evaluated. All focal thyroid
lesions underwent cyto- and/or histopathological evalua-
tion. Twelve of the analysed studies included ACR-TIRADS
assessment, 10 — included ATA classification, 6 included
Kwak-TIRADS, 4 — EU-TIRADS, and 4 — K-TIRADS.
Based on the statistical analysis performed, the high sen-
sitivity of the individual classifications was obtained in the
range of 0.84-0.96 (95% CI), while the specificity was pre-
sented sequentially for ACR-TIRADS, ATA, Kwak-TIRADS,
KTA, and EU-TIRADS, respectively: 0.68, 0.44, 0.62, 0.47,
and 0.61 (95% CI) — Tab. 7. An area under the ROC curve
(AUC) value >0.8 was obtained for all the classifications,
with a distribution of values for the above qualifications
amounting to, respectively, 0.8553, 0.8976, 0.9101, 0.9022,
and 0.8810, which supports the very good diagnostic accu-
racy of their use®® (Tab. 7).

In contrast, the head-to-head comparison method yielded
relative diagnostic odds ratio RDOR values of 1.57 (ACR
vs ATA), 1.37 (ACR vs EU), 1.8 (ACR vs Kwak), 1.74 (ARC
vs K), which distinguishes ACR-TIRADS in the analysis
(Tab. 8). The authors of the study further highlighted the
differences in the TIRADS classification system. ACR and
Kwak-TIRADS are based on point classification, whereas
the others categorise focal lesions based on sonographic
patterns, which in clinical practice seems to be a more
intuitive procedure, but associated with lower test accu-
racy. For example, the EU-TIRADS category 5 or 4 may
correspond to ACR-TIRADS TR4/3 or K-TIRADS TR4/3,
whereas focal lesions classified as K-TIRADS TR3 and
EU-TIRADS category 3 (low risk of malignancy) may be
categorised as ACR-TIRADS TR2, meaning no suspicion
of malignancy. These differences in eligibility criteria,

Tab. 7. Sensitivity, specificity, LR(+), LR(-), DOR, AUC for individual TIRADS qualifications

TIRADS Number Sensitivity Specificity LR(+) LR(-) DOR AUC
classification of tests (95% CI) (95% Cl) (95% Cl) (95% CI) (95% CI)

ACR-TIRADS 13 0.85 (0.84-0.86) 0.68 (0.6-0.69) 2.98 (2.37-3.75) 0.22(0.16-0.29) 15.23 0.8553
EU-TIRADS 4 0.85 (0.83-0.87) 0.61(0.59-0.62) 2.84(1.43-5.64) 0.21(0.13-0.34) 13.18 0.8810
K-TIRADS 4 0.85 (0.83-0.86) 0.47 (0.46-0.48) 2.60 (1.2-5.57) 0.18(0.08-0.39) 14.57 0.9022
Kwak-TIRADS 6 0.94 (0.94-0.95) 0.62 (0.6-0.63) 3.23(0.90-11.61) 0.08 (0.04-0.16) 43.15 0.9101
Cl - confidence interval; LR(+) - positive likelihood ratio; LR(-) — negative likelihood ratio; DOR - diagnostic odds ratio; AUC - area under the ROC
curve

Tab. 8. Head-to-head comparison of relative diagnostic odds ratio (RDOR) with CI 95%

ACR-TIRADS EU-TIRADS K-TIRADS Kwak-TIRADS
ACR-TIRADS - 0.7308 (0.3000-1.7803) 0.5734 (0.2759-1.1919) 0.5564 (0.2552-1.2131)
EU-TIRADS 1.3683 (0.5617-3.3332) - 0.7846 (0.3075-2.0020) 0.7614 (0.2498-2.3208)
K-TIRADS 1.7439 (0.8390-3.6247) 1.2745 (0.4995-3.2518) - 0.9703 (0.3697-2.5466)
Kwak-TIRADS 1.7972 (0.8243-3.9183) 1.3138 (0.4309-4.0035) 1.0306 (0.3927-2.7048)

RDOR - relative diagnostic odds ratio; Cl — confidence interval
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which also take into account the size of the lesion, lead to
differences in the specificity of the methods used. On the
basis of the meta-analysis performed for ACR-TIRADS,
the highest diagnostic accuracy in estimating the risk
of malignancy and related limitation of indications to
perform FNAB were noted®®. The authors point out cer-
tain limitations of the meta-analysis, including the lack
of histopathological verification for each analysed focal
lesion. Another limitation of the study was the numeri-
cal difference of lesions with malignant potential quali-
fied for the analysis, moreover, there were no sufficient
data related to the comparative analysis using K-TIRADS
and EU-TIRADS. Also noteworthy is the limitation due to
the incompatibility of ultrasound results obtained by dif-
ferent investigators and by the same investigator (inter-
observer and intra-observer variability)?”. Conclusions
from the presented meta-analysis emphasize the clinical
usefulness and confirm the validity of recommending
the use of TIRADS classification in estimating the malig-
nancy potential of focal thyroid lesions, with an emphasis
on the highest accuracy of the method for ACR-TIRADS.

Similar results on the benefits of using the ACR-TIRADS
classification were obtained by Castellana et al. who con-
ducted a meta-analysis of 12 studies (six of which were
included in the previous meta-analysis) including five
classifications (AACE/ACE/AME, ACR-TIRADS, ATA,
EU-TIRADS, and K-TIRADS) to evaluate their use for TN
typing for FNAB®¥, A total of 18,750 TNs were analysed
(including 4,378 histopathologically verified malignant
lesions and 14,372 cyto- and/or histopathologically veri-
fied benign lesions). A DOR value ranging from 2.2 to 4.9
was obtained, with the highest RDOR value in the head-to-
head comparative evaluation for ACR-TIRADS vs ATA (p =
0.02) and vs K-TIRADS (p = 0.002), which was due to the
highest reliability quotient for a positive result (LR+ (95%
CI)). The above results confirm the advantage of using for
ACR-TIRADS in evaluating lesions for FNAB and thus
reducing the number of unnecessary procedures.

In a subsequent study by Kim et al., a total of 34 studies
(analysing a total of 37,585 focal thyroid lesions) were
analysed to assess the diagnostic utility of TIRADS in
estimating the malignancy risk of focal thyroid lesions by
classifying them into TIRADS categories 4 and 5 (TR4,
TR5) with three classifiers: EU-TIRADS, ACR-TIRADS,
and K-TIRADS®. For TRS5, the highest sensitivity was
reported for EU-TIRADS: 78% (95% CI, 64—88%), followed
by ACR-TIRADS: 70% (95% CI, 61-79%), and K-TIRADS:
64% (95% CI, 58-70%). The highest specificity for TR5
was observed for K-TIRADS: 93% (95% CI, 91-95%), ACR-
TIRADS: 89% (95% CI, 85-92%), and EU-TIRADS: 89%
(95% CI, 77-95%). Categorisation up to TR4/5 in all three
classifications has a sensitivity of >90%, while the high-
est specificity was reported for K-TIRADS: 61% (95% CI,
50-72%), though no statistically significant difference was
observed between the classifications. However, the results
of the meta-analysis indicate a trend towards the highest
sensitivity for the use of EU-TIRADS and the highest speci-
ficity for K-TIRADS as diagnostic tools in estimating the
risk of malignancy associated with focal thyroid lesions.

In a subsequent meta-analysis of 29 papers evaluating
a total of 33,748 focal thyroid lesions, Kim et al. reported
comparable diagnostic accuracy of the four presented
TIRADS classifications in estimating the risk of malig-
nancy. The sensitivity and specificity of the method were
considered in relation to ACR-TIRADS, being respec-
tively: 66% and 91% for TR5, and 95% and 55% for TR4/5,
K-TIRADS classification: 55% and 95% for TR5, and 89%
and 64% for TR4/5, and EU-TIRADS: 82% and 90% for
TRS5, and 96% and 52% for TR4/5%%. There was no signifi-
cant advantage for either classification as a prognostic
factor for the risk of focal lesion malignancy. Attention
was drawn to factors affecting the limitations of the
meta-analysis performed; these include differences in
the populations studied, inclusion criteria, proportions of
patients of either sex, and numbers of malignant lesions
analysed.

Kim et al. in their meta-analysis of 8 studies with an analy-
sis of 13,092 focal thyroid lesions reported the lowest rate
of unnecessary FNABs compared to ACR-TIRADS classi-
fication of 25% (95% CI, 22-29%), statistically significantly
lower compared to ATA: 51% (95% CI, 44-58% (p <0.001))
and K-TIRADS: 55% (95% CI, 42-67% (p <0.001 )). In con-
trast, there was no significant relationship compared with
EU-TIRADS: 38% (95% CI, 16-66%, (p = 0.087))?%. The
above analysis demonstrates the greatest benefit of using
the ACR-TIRADS and EU-TIRADS classifications in typ-
ing lesions for FNAB, which translates into minimising
the number of unnecessary invasive medical procedures.

Conclusions

The presented findings of the meta-analyses prove the
diagnostic utility of the TIRADS classification in estimat-
ing the risk of malignancy of focal thyroid lesions and
confirm the validity of recommending its applications in
clinical practice. A head-to-head statistical analysis of the
available data provides evidence for the superiority of the
ACR-TIRADS classification, which also translates into
minimising the number of unnecessary FNAB. However,
in order to draw more far-reaching conclusions, it is nec-
essary to conduct more studies using individual TIRADS
classifications (including EU-TIRADS, K-TIRADS), taking
into account the limitations presented above related to the
heterogeneity of the groups subjected to the analysis. An
advantage of the EU-TIRADS scale is that it includes only
the most important ultrasound features, so its use is not
time-consuming, and the scale is easy to apply in clini-
cal practice. The application of the system would facili-
tate reporting of the thyroid ultrasound result and could
improve TN qualification for FNAB.
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