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Abstract

Context: Ultrasound-based risk stratification systems (Thyroid Imaging Reporting and Data Systems (TIRADSs)) of
thyroid nodules (TNs) have been implemented in clinical practice worldwide based on their high performance.
However, it remains unexplored whether different TIRADSs perform uniformly across a range of TNs in routine
practice. This issue is highly relevant today, given the ongoing international effort to establish a unified TIRADS (i.e.
I-TIRADS), supported by the leading societies specializing in TNs. The study aimed to conduct a direct comparison
among ACR-, EU-, and K-TIRADS in the distribution of TNs: (1) across the TIRADS categories, and (2) based on their
estimated cancer risk.

Methods: A search was conducted on PubMed and Embase until June 2023. Original studies that sequentially assessed
TNs using TIRADSs, regardless of FNAC indication, were selected. General study characteristics and data on the
distribution of TNs across TIRADSs were extracted.

Results: Seven studies, reporting a total of 41,332 TNs, were included in the analysis. The prevalence of ACR-TIRADS

1-2 was significantly higher than that of EU-TIRADS 2 and K-TIRADS 2, with no significant difference observed among
intermediate- and high-risk categories of TIRADSs. According to malignancy risk estimation, K-TIRADS often classified
TNs as having more severe risk, ACR-TIRADS as having moderate risk, and EU-TIRADS classified TNs as having lower risk.

Conclusion: ACR-, EU-, and K-TIRADS assess TNs similarly across their categories, with slight differences in low-risk
classifications. Despite this, focusing on cancer risk estimation, the three TIRADSs assess TNs differently. These
findings should be considered as a prerequisite for developing the I-TIRADS.
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Introduction

Thyroid nodules (TNs) are frequently found in the
general population, especially among women and the
elderly. Research has observed TNs in up to 70% of
screened adults, with around 5% potentially harboring
cancer (1). Considering the epidemiological figures
and potential oncological implications, international
guidelines recommend an immediate malignancy risk
assessment for newly diagnosed TNs, and ultrasound
(US) is universally recognized as the first-line diagnostic
procedure (2, 3, 4). Despite the worldwide acceptance of
US in evaluating the malignancy risk of TN, recent efforts
aim to standardize the procedure to further improve
its performance (5). In the past decade, prominent
scientific societies have proposed US risk stratification
systems (RSSs), commonly known as Thyroid Imaging
Reporting and Data Systems (TIRADSS) (6). TIRADSs were
specifically developed to (1) establish a standard lexicon;
(2) define US features associated with specific malignancy
risks; (3) assess TNs according to risk classes; and (4)
select TNs for fine needle aspiration cytology (FNAC)
(7). The advent of TIRADSs has resulted in a substantial
increase in published papers, thereby strengthening the
evidence in the field. In summary, the accuracy of RSSs in
predicting cancers is significantly high, nearly equating
to the performance of the highest-risk categories in
FNAC (8, 9). Regarding their ability to identify benign or
low-risk nodules and prevent ‘unnecessary’ cytological
assessments, TIRADSs prompt FNAC at different rates,
leading to performance variations across RSSs (10).

However, the full potential of TIRADSs in differentiating
between benign and malignant nodules has not yet been
fully revealed. Almost all studies in the field assessed
the diagnostic efficacy of RSSs by selecting series of TNs
suitable for either FNAC or surgery. This type of cohort
may not accurately reflect the distribution of TNs across
TIRADS categories among patients regularly visiting
thyroid disease diagnosis and treatment centers in a real
clinical practice context. Only a few of these individuals
exhibit nodules appropriate for FNAC or surgery. This
implies that numerous published studies, such as original
papers and systematic reviews with meta-analysis, may
be biased, particularly when assessing the number of
potentially avoidable FNAC (i.e. ‘unnecessary’). One
might question whether TIRADSs’ ability to differentiate
benign from malignant nodules remains consistent in a
consecutive series of patients undergoing US, regardless
of their suitability for FNAC or further diagnostic
procedures.

This systematic review aimed to evaluate the distribution
of TNs across the risk categories of different TIRADSs. The
focus was on patients primarily referred for a thyroid
US evaluation, not for FNAC or preoperative assessment.
The secondary objective of the study was to reassess the
distribution of TNs within the same TIRADSs categories
after consolidating them into a three-tiered scoring

European Thyroid Journal (2024) 13 e230242
https://doi.org/10.1530/ETJ-23-0242

system (mild, moderate, severe) based on the estimated
risk of malignancy. The most renowned TIRADSs from
three different continents, specifically ACR-, EU-, and
K-TIRADS (11, 12, 13), were evaluated, and their data
were directly compared.

Methods

Conduction of review

This systematic review was conducted following the
Meta-analysis of Observational Studies in Epidemiology
guidelines (14) (Supplementary Material, see section on
supplementary materials given at the end of this article).
The study protocol was registered with Prospero under
number CRD42023446504.

Search strategy

A literature search was conducted on the PubMed/
Medline and Excerpta Medica (Embase) databases using
the following search algorithm: (‘EU-TIRADS’ OR ‘EU-TI-
RADS’) OR (‘K-TIRADS’ OR ‘K-TI-RADS’) OR (‘ACR-TIRADS’
OR ‘ACR-TI-RADS’). Two investigator authors (TP and
PT) independently conducted a duplicate search for
papers, screened titles and abstracts, reviewed full texts,
and selected studies that met the established inclusion
criteria. References from the included studies were
further screened for any additional papers. The final
electronic search was conducted on June 14, 2023. The
search of electronic databases was conducted without
any restrictions on date, language, or publication type.
Reviewers resolved disagreements through mutual
discussion.

Study selection

The study aimed to locate original research reporting on
sequential patient series referred to specialized centers
for thyroid nodule evaluations, which included a US
risk assessment. The present study did not focus on the
diagnostic accuracy of TIRADSs, so all data related to
FNAC indications and cytological/histological diagnoses
were disregarded. The primary data concentrated on the
distribution of TNs across the classes of the previously
mentioned TIRADSs. The optimal paper selected
was essentially an observational study that included
consecutive patients referred for thyroid US (regardless
of further work-up). The selection criteria for the papers
were (a) studies detailing the distribution of TNs series
across all ACR-, EU-, and K-TIRADS categories and (b)
sequential case enrollment. The exclusion criteria were
(a) pediatric patients; (b) studies focusing solely on
benign or malignant cases (according to FNAC or
pathology report); (c) studies with unclear data or
inclusion/exclusion criteria; and (d) studies with
overlapping data.

Downloaded from Bioscientifica.com at 03/19/2024 02:06:55PM

via Open Access. This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License.
https://creativecommons.org/licenses/by-nc-nd/4.0/



https://creativecommons.org/licenses/by-nc-nd/4.0/

T Piticchio et al.

Data extraction

Primary and supplementary data from the included
studies were analyzed. The following data were
independently collected from allincluded studies: general
study characteristics (author names, year of publication,
country of the study), years of enrollment, rates of
malignancy and benignancy, number of patients, gender
and age of the population, distribution of TNs according
to TIRADSs, continent where the study was conducted,
US probe frequencies, number of US operators, operator
specialization, and reference standard.

The ACR-TIRADS suggests a five-category stratification
for TN ultrasound findings, while the EU- and K-TIRADS
propose a four-category system. Therefore, considering
the similar potential malignancy risk of approximately
2% declared by the ACR-TIRADS for categories 1 and
2, these two classes were combined into one (ACR 1-2)
to facilitate a more effective comparison of the three
TIRADSs. Relevant authors were contacted to request
additional data when necessary. The authors discussed
and resolved any discrepancies found during the data
cross-checking process.

Assessment of study quality

Therisk of biasin the included studies was independently
assessed. This study used the National Heart, Lung,
and Blood Institute Quality Assessment Tool (15). The
evaluated items included: study questions, eligibility
criteria, sample size, description and delivery of the
intervention, definition of outcome measures, duration
of follow-up, blinding, loss to follow-up, and statistical
methods. Each domain was assigned a low, high, or not
reported score.

Measures

For the initial aim, we evaluated the distribution of TNs
across the categories of ACR-, EU-, and K-TIRADS. The
second aim involved re-evaluating TNs by categorizing
them into TIRADS categories based on their estimated
risk of malignancy, which was further divided into a
three-tiered score: mild, moderate, and severe risk.

Statistical analysis

The study endpoints guided the performance of multiple
meta-analyses to evaluate the distribution of thyroid
nodules, with each analysis separately considering two
specific settings within the ACR-, EU-, and K-TIRADS
systems: (1) the risk categories proposed by TIRADS,
and (2) the malignancy risk estimated in TIRADS.
Heterogeneity was evaluated using I2, and a value of >50%
indicated its presence. A random-effects model was used.
The pooled data were presented with 95% CIs. When
heterogeneity is detected, meta-regression and subgroup
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analyses are performed to investigate the causes using
various covariates. The continuous covariates included:
sample size, duration and years of screening, case
enrollment, age of population, female/male ratio, US
probe frequencies, number of operators, size of nodules,
and malignancy rate. The meta-regression analysis was
significant according to the P-value. The dichotomous
covariates included the study's continent/country,
the operator's specialization, and the cytological or
histological reference standard. The subgroup analysis
revealed a significant difference when the 95% CI of
the two groups did not overlap. Statistical significance
was set at P < 0.05. Statistical analyses were conducted
using OpenMeta[Analyst] software, an open-source
platform developed by the Center for Evidence Synthesis
in Health at Brown University.

Results

Retrieved studies

The search strategy identified a total of 914 records.
After eliminating duplicates and scrutinizing titles
and abstracts, 34 papers were selected for full-text
retrieval. Ultimately, this systematic review included
seven studies (16, 17, 18, 19, 20, 21, 22). Figure 1 depicts
the process of article search.
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Figure 1

Flow of article search.
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Table 1 General characteristics of the studies included in the present systematic review.

Authors Year  Country Study period, y Authors’ specialization Patients,n Nodules,n Age2, y Nodule size2a (mm)
Xu et al. (16) 2018 China 2 Radiology 2031 2465 47.7 16.63
Qietal (17) 2021 China 2 Radiology 884 1096 NA 18.86
Hoang et al. (18) 2021 USA 8 Radiology 12208 27,933 60.7 15
Seifert et al. (19) 2021  Germany 2 Nuclear medicine 849 1211 51 26

Kuru et al. (20) 2021 Turkey 8 Radiology 1122 1143 49 NA
Sparano et al. (21) 2021  Italy 10 Endocrinology 6401 6474 NA NA
Orhan Soylemez & 2022  Turkey 3 Radiology 977 1010 52 NA

Gunduz (22)

aMean values.
NA, data not available; y, years.

Assessment of study quality

The supplemental material illustrates the risk of bias
in the included studies. Overall, 9 out of the 14 items
were evaluated as having a low risk of bias in all
studies. Considering the study's aim and design, the four
items (nos. 7-10) related to the relationship between
exposure and outcome were deemed not applicable.
No studies provided information regarding power or
sample size justification.

Qualitative analysis (systematic review)

This systematic review includes seven papers published
between 2018 and 2022. All studies were observational
with retrospective data analysis. Four studies were
published by European institutions (two from Turkey,
one from Italy, and one from Germany), two were
from Asia (China), and one from North America (USA).
The enrollment period spanned 2-10 years. The study
involved 24,472 patients with 41,332 thyroid nodules,
all of which underwent US evaluation. The study,
conducted between 2008 and 2020, had a sample size
ranging from 849 to 12,208 patients. The mean age of
patients ranged from 48 to 61 years. Each study reported
a range of 1010-27,933 TNs and 849-12,208 patients.
Table 1 presents the characteristics of the studies.

All studies were conducted in referral hospital centers
by physicians skilled in thyroid US. Radiologists carried
out five studies, while endocrinologists and nuclear
medicine physicians conducted the remaining two. Most
studies referred patients to tertiary hospital centers
for comprehensive goiter evaluations. The enrolled
cases were independently categorized, regardless of the
reason for FNAC and/or surgery.

Quantitative analysis (meta-analysis)

Distribution of TNs across TIRADS categories
(from 1 to 5)

Table 2 presents data on the first endpoint (i.e. distribution
of TNs across TIRADS categories). Initially, RSSs were
evaluated individually, with ACR-TIRADS 4, EU-TIRADS
3 and 5, and K-TIRADS 3 emerging as the categories with

the highest pooled call rate (i.e. the highest percentage
of nodules). Three statistically significant results were
observed: category 4 was most prevalent in ACR-TIRADS
(Fig. 2A), while category 2 was least prevalent in both
EU-TIRADS and K-TIRADS (Fig. 2B and C). Subsequently,
the three RSSs were comparatively analyzed to
evaluate the prevalence of thyroid nodules in their
respective risk of malignancy categories. The prevalence
of ACR-TIRADS 1-2 was significantly higher than that
of EU-TIRADS 2 and K-TIRADS 2. K-TIRADS 3 was more
prevalent than ACR-TIRADS 3. However, no significant
difference was observed among the intermediate- and
high-risk categories (Fig. 2A, B, C and Table 2).

Distribution of TNs according to TIRADS risk
estimation (mild, moderate, and severe)

To address the second study aim, the original TIRADS
categories were grouped into a three-point system:
mild, moderate, and severe risk of malignancy (Fig. 3).

Table 2 Pooled results of TNs assessment according to ACR-,
EU-, and K-TIRADS categories.

TNs, % (95% CI) 2 (%)

ACR-TIRADS

1-2 13.6(9.3-17.9)2 99.38

3 21.9(11.9-32)2 99.81

4 40.4 (35.1-45.7)0 98.65

5 24.2 (13.6-34.9) 99.78
EU-TIRADS

2 2.8 (2-3.5)0 95.47

3 35.1(29-41.1) 99.11

4 29.6 (21.4-37.8) 99.51

5 32.3(23.1-41.4) 99.66
K-TIRADS

2 4.9 (3.3-6.5)p 97.28

3 39.4 (32.7-46.1)ba 99.2

4 33.8(27.6-39.9) 99.07

5 21.9(15-28.7) 99.65

aSignificantly different with respect to the same categories of the other
TIRADSs; bSignificantly different with respect to the other categories of its
TIRADS. .

P2, heterogeneity; TNs, thyroid nodules.
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A

Studies Estimate (95% C.I.)
Xu T etal, 2018 - ACR1-2 0.206 (0.190, 0.222)
Qi Q et al, 2021 - ACR1-2 0.170 (0.147, 0.192)
Hoang JK et al, 2021 - ACR1-2 0.113 (0.109, 0.116)
Seifert P et al, 2021 - ACR1-2 0.112 (0.095, 0.130)
Kuru B et al, 2021 - ACR1-2 0.101 (0.083, 0.118)
Sparano C et al, 2021 - ACR1-2 0.038 (0.034, 0.043)
Orhan Soylemez UP et al, 2022 - ACR1-2 0.215 (0.190, 0.240)
Subgroup ACR 1-2 (1*2=99.38 % , P=0.000) 0.136 (0.093, 0.179)
XuT etal, 2018 - ACR3 0.129 (0.116, 0.143)
Qi Qetal, 2021 - ACR3 0.056 (0.042, 0.069)
Hoang JK et al, 2021 - ACR3 0.310 (0.305, 0.316)
Seifert P et al, 2021 - ACR3 0.230 (0.207, 0.254)
Kuru B et al, 2021 - ACR3 0.385 (0.357, 0.413)
Sparano C et al, 2021 - ACR3 0.093 (0.086, 0.101)
Orhan Soylemez UP et al, 2022 - ACR3 0.335 (0.306, 0.364)
Subgroup ACR 3 (142=99.81 % , P=0.000) 0.219 (0.119, 0.320)
XuT etal, 2018 - ACR4 0.372 (0.353, 0.391)
Qi Q et al, 2021 - ACR4 0.312 (0.285, 0.339)
Hoang JK et al, 2021 - ACR4 0.483 (0.477, 0.489)
Seifert P et al, 2021 - ACR4 0.387 (0.360, 0.415)
Kuru B et al, 2021 - ACR4 0.369 (0.341, 0.397)
Sparano C et al, 2021 - ACR4 0.524 (0.512, 0.536)
Orhan Soylemez UP et al, 2022 - ACR4 0.376 (0.346, 0.406)
Subgroup ACR 4 (1*2=98.65 % , P=0.000)  0.404 (0.351, 0.457)
XuT etal, 2018 - ACR5 0.301 (0.283, 0.319)
Qi Q et al, 2021 - ACR5 0.463 (0.433, 0.492)
Hoang JK et al, 2021 - ACR5 0.094 (0.091, 0.097)
Seifert P et al, 2021 - ACR5 0.278 (0.253, 0.304)
Kuru B et al, 2021 - ACR5 0.145 (0.125, 0.166)
Sparano C et al, 2021 - ACR5 0.344 (0.332, 0.356)
Orhan Soylemez UP et al, 2022 - ACR5 0.074 (0.058, 0.090)
Subgroup ACR 5 (12=99.78 % , P=0.000) 0.242 (0.136, 0.349)
B

Studies Estimate (95% C.I.)
Xu T etal, 2018 - EU2 0.025 (0.019, 0.031)
Qi Q et al, 2021 - EU2 0.036 (0.025, 0.048)
Hoang JK et al, 2021 - EU2 0.019 (0.017, 0.021)
Seifert P et al, 2021 - EU2 0.035 (0.024, 0.045)
Kuru B et al, 2021 - EU2 0.017 (0.009, 0.024)
Sparano C et al, 2021 - EU2 0.009 (0.007, 0.011)
Orhan Soylemez UP et al, 2022 - EU2 0.073 (0.057, 0.089)
Subgroup EU 2 (142=95.47 % , P=0.000) 0.028 (0.020, 0.035)
XuTetal, 2018 - EU3 0.246 (0.229, 0.263)
QiQetal, 2021 - EU3 0.193 (0.170, 0.217)
Hoang JK et al, 2021 - EU3 0.363 (0.357, 0.368)
Seifert P et al, 2021 - EU3 0.320 (0.293, 0.346)
Kuru B et al, 2021 - EU3 0.495 (0.466, 0.524)
Sparano C et al, 2021 - EU3 0.297 (0.286, 0.308)
Orhan Soylemez UP et al, 2022 - EU3 0.548 (0.517, 0.578)
Subgroup EU 3 (142=99.11 % , P=0.000) 0.351 (0.290, 0.411)
Xu T etal, 2018 - EU4 0.267 (0.250, 0.285)
Qi Qetal, 2021 - EU4 0.160 (0.138, 0.181)
Hoang JK et al, 2021 - EU4 0.429 (0.423, 0.435)
Seifert P et al, 2021 - EU4 0.245 (0.221, 0.269)
Kuru B et al, 2021 - EU4 0.251 (0.226, 0.276)
Sparano C et al, 2021 - EU4 0.452 (0.440, 0.464)
Orhan Soylemez UP et al, 2022 - EU4 0.264 (0.237, 0.292)
Subgroup EU 4 (142=99.51 % , P=0.000) 0.296 (0.214, 0.378)
Xu T et al, 2018 - EUS 0.461 (0.442, 0.481)
Qi Q et al, 2021 - EU5 0.610 (0.582, 0.639)
Hoang JK et al, 2021 - EU5 0.189 (0.185, 0.194)
Seifert P et al, 2021 - EU5 0.406 (0.379, 0.434)
Kuru B et al, 2021 - EU5 0.237 (0.212, 0.262)
Sparano C et al, 2021 - EU5 0.242 (0.232, 0.253)
Orhan Soylemez UP et al, 2022 - EU5 0.115 (0.095, 0.135)
Subgroup EU 5 (142=99.66 % , P=0.000) 0.323 (0.231, 0.414)

Ev/Trt

508/2465
186/1096
3149/27933
136/1211
11571143
248/6474
217/1010
4559/41332

319/2465
61/1096
8673/27933
279/1211
440/1143
605/6474
338/1010
10715/41332

917/2465
342/1096
13486/27933
469/1211
422/1143
3394/6474
380/1010
19410/41332

741/2465
507/1096
2625/27933
337/1211
166/1143
2227/6474
75/1010
6678/41332

Ev/Trt

62/2465
40/1096
530/27933
42/1211
19/1143
57/6474
7471010
824/41332

607/2465
212/1096
10126/27933
387/1211
566/1143
1921/6474
55371010
14372/41332

659/2465
175/1096
11990/27933
297/1211
287/1143
2928/6474
267/1010
16603/41332

1137/2465
669/1096
5287/27933
492/1211
271/1143
1568/6474
116/1010
9540/41332

European Thyroid Journal (2024) 13 230242
https://doi.org/10.1530/ETJ-23-0242

Downloaded from Bioscientifica.com at 03/19/2024 02:06:55PM

via Open Access. This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License.
https://creativecommons.org/licenses/by-nc-nd/4.0/



https://creativecommons.org/licenses/by-nc-nd/4.0/

T Piticchio et al.

Cc

Studies Estimate (95% C.I.) Ev/Trt
XuT etal, 2018 - K2
Qi Q et al, 2021 - K2

Hoang JK et al, 2021 - K2

.057 (0.048,
.068 (0.053,
.025 (0.023,

.066) 141/2465
.082) 74/1096

Seifert P et al, 2021 - K2 .049 (0.037, 0.061) 59/1211

23/1143
Sparano C et al, 2021 - K2 .056 (0.051, 0.062) 365/6474
Orhan Soylemez UP et al, 2022 - K2 .075 (0.059, 0.092) 76/1010

0 0
0 0
0 0
0 0
Kuru B et al, 2021 - K2 0.020 (0.012, 0.028)
0 0
0 0
0 0

Subgroup K 2 (1*2=97.28 % , P=0.000) 0.049 (0.033,

XuT etal, 2018 - K3 0.279 (0.261, 0.296) 687/2465
Qi Qetal, 2021 - K3 0.201 (0.177, 0.224) 220/1096
Hoang JK et al, 2021 - K3 0.440 (0.434, 0.446) 12292/27933
Seifert P et al, 2021 - K3 0.350 (0.323, 0.377) 42471211
Kuru B et al, 2021 - K3 0.521 (0.492, 0.550) 595/1143
Sparano C et al, 2021 - K3 0.437 (0.425, 0.449) 2827/6474
Orhan Soylemez UP et al, 2022 - K3 0.534 (0.503, 0.564) 539/1010
Subgroup K 3 (12=99.2 % , P=0.000) 0.394 (0.327, 0.461) 17584/41332
XuT etal, 2018 - K4 0.298 (0.280, 0.316) 735/2465
Qi Qet al, 2021 - K4 0.216 (0.192, 0.241) 237/1096
Hoang JK et al, 2021 - K4 0.444 (0.439, 0.450) 12415/27933
Seifert P et al, 2021 - K4 0.375 (0.348, 0.402) 454/1211
Kuru B et al, 2021 - K4 0.301 (0.274, 0.328) 344/1143
Sparano C et al, 2021 - K4 0.418 (0.406, 0.430) 2704/6474
Orhan Soylemez UP et al, 2022 - K4 0.307 (0.278, 0.335) 310/1010
Subgroup K 4 (12=99.07 % , P=0.000) 0.338 (0.276, 0.399) 17199/41332
XuT etal, 2018 - K5 0.366 (0.347, 0.385) 902/2465
Qi Q et al, 2021 - K5 0.516 (0.486, 0.545) 565/1096
Hoang JK et al, 2021 - K5 0.091 (0.087, 0.094) 2538/27933
Seifert P et al, 2021 - K5 0.235 (0.211, 0.258) 284/1211
Kuru B et al, 2021 - K5 0.158 (0.137, 0.180) 181/1143
Sparano C et al, 2021 - K5 0.089 (0.082, 0.096) 578/6474
Orhan Soylemez UP et al, 2022 - K5 0.084 (0.067, 0.101) 85/1010
Subgroup K 5 (1*2=99.65 % , P=0.000) 0.219 (0.150, 0.287) 5133/41332

Figure 2
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(A) Assessment of TNs according to ACR-TIRADS original category. (B) Assessment of TNs according to EU-TIRADS original category. (C) Assessment of
TNs according to K-TIRADS original category. Any square represents a study and its size varies with study effect, while the line represents the 95% CI.

Diamond indicates the pooled call rate and its width represents the 95% CI.

In ACR-TIRADS, the moderate class was the most prevalent
without a 95% CI overlap with other classes (Fig. 4A). In
EU-TIRADS, the three aggregated categories had similar
prevalence (Fig. 4B). In K-TIRADS, the mild-, moderate-,
and severe-risk categories showed no 95% CI overlap
(Fig. 40). Significant differences were observed when the
three TIRADSs were compared (Table 3). A direct
comparison of the three systems was conducted based on
the three risk assessment categories. Similarly, in the low-
risk categories, EU-TIRADS had the highest prevalence,
ACR-TIRADS was intermediate, and K-TIRADS was the
lowest (Fig. 5A). ACR-TIRADS was the most prevalent
among moderate-risk classes (Fig. 5B). K-TIRADS identified
the most prevalent severe-risk class (Fig. 5C). Figure 6
graphically illustrates the data from Fig. 5A, B, and C.
TNs are usually classified as mild risk by EU-TIRADS,
more so than by the other two systems. Conversely, ACR-
TIRADS often categorizes them as moderate risk, and
K-TIRADS as severe risk.

Exploration of heterogeneity

As previously mentioned, numerous dichotomous/
continuous covariates were identified to investigate the
heterogeneity of each individual analysis. In total, 180

meta-regression/subgroup analyses were conducted. In
general, the heterogeneity in each risk class was resolved
by at least one continuous covariate among those
considered. The covariates explaining heterogeneity in
the most classes include malignancy rate, study period,
and population age. The intermediate TIRADS category
was defined by the greatest number of covariates.
The findings remained significantly consistent when
investigating the heterogeneity of the second endpoint's
results. Table 4 presents the primary findings of this
comprehensive exploration of heterogeneity. All relevant
figures and data for each significant meta-regression/
subgroup analysis are detailed in the supplemental
material.

Discussion

The introduction of US in thyroid disease was
significant and now serves as the cornerstone of patient
management in this field. Furthermore, the impact
of RSSs/TIRADSs has been significant in our daily
clinical practice. The primary purpose of introducing
RSSs/TIRADSs was to standardize the procedure
across different medical specialties, starting with the
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15 =

Graphical illustration of the risk assigned to categories of ACR-, EU-, and K-TIRADS leading to aggregate categories and building a three-scale system of
mild, moderate, and severe risk of malignancy. The numerical heading of original categories is indicated by triangle flag. The colored bands indicate the
malignancy risk range originally assigned to each category of TIRADS. X-axis represents the estimated risk of malignancy from 0 to 100%. The

background schematically illustrates the increasing risk from green (mild) to moderate (yellow) and severe (red).

appropriate terminology. Evidence-based research has
proven that these systems accurately detect cancer,
resulting in their swift global adoption (6). Despite
significant achievements, the current challenge is
to construct a universal TIRADS that can resolve the
differences among the existing TIRADSs (23). Although
TIRADSs appear to have a similar structure (i.e. 4 and
5 categories with an escalating risk of malignancy)
and diagnostic performance (8, 9), their foundational

differences, which remain largely unexplored,
distinguish them. The aim of this study was to evaluate
the distribution of risk assessment scores by the three
major TIRADSs in a population referred for US, but not
for FNA or preoperative assessment, through a head-to-
head comparison.

First, our search algorithm identified approximately
1000 articles. After the selection process, we included

A

Studies Estimate (95% C.I.) ACR

XuT et al, 2018 - Mild 0.206 (0.190, 0.222) 508/2465 -

Qi Q et al, 2021 - Mild 0.170 (0.147, 0.192) 186/1096 ——

Hoang JK et al, 2021 - Mild 0.113 (0.109, 0.116) 3149/27933 -

Seifert P et al, 2021 - Mild 0.112 (0.095, 0.130) 136/1211 —-—

Kuru B et al, 2021 - Mild 0.101 (0.083, 0.118) 115/1143 —

Sparano C et al, 2021 - Mild 0.038 (0.034, 0.043) 248/647¢ B

Orhan Soylemez UP et al, 2022 - Mild 0.215 (0.190, 0.240) 217/1010 ——

Subgroup Mild risk 0.136 (0.093, 0.179) 4559/41332 p—

Xu T et al, 2018 - Moderate 0.501 (0.482, 0.521) 1236/2465 ——

Qi Q et al, 2021 - Moderate 0.368 (0.339, 0.396) 403/1096 —a—

Hoang JK et al, 2021 - Moderate 0.793 (0.789, 0.798) 22159/27933 -]
Seifert P et al, 2021 - Moderate 0.618 (0.590, 0.645) 748/1211 ——

Kuru B et al, 2021 - Moderate 0.754 (0.729, 0.779) 862/1143 —-—
Sparano C et al, 2021 - Moderate 0.618 (0.606, 0.630) 3999/6474 -

Orhan Soylemez UP et al, 2022 - Moderate 0.711 (0.683, 0.739) 718/1010 R
Subgroup Moderate risk 0.623 (0.512, 0.735) 30125/41332 —_—— T
Xu T et al, 2018 - Severe 0.301 (0.283, 0.319) 741/2465 ——

Qi Q et al, 2021 - Severe 0.463 (0.433, 0.492) 507/1096 —a—

Hoang JK et al, 2021 - Severe 0.094 (0.091, 0.097) 2625/27933 B

Seifert P et al, 2021 - Severe 0.278 (0.253, 0.304) 337/1211 —a—

Kuru B et al, 2021 - Severe 0.145 (0.125, 0.166) 166/1143 ——

Sparano C et al, 2021 - Severe 0.344 (0.332, 0.356) 2227/6474 A+

Orhan Soylemez UP et al, 2022 - Severe 0.074 (0.058, 0.090) 75/1010 —

Subgroup Severe risk 0.242 (0.136, 0.349) 6678/41332 —_——
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B

Studies Estimate (95% C.I.) EU

Xu T et al, 2018 - Mild 0.271 (0.254, 0.289) 669/2465 —-—

Qi Q et al, 2021 - Mild 0.230 (0.205, 0.255) 252/1096 ——

Hoang JK et al, 2021 - Mild 0.381 (0.376, 0.387) 10656/27933 =

Seifert P et al, 2021 - Mild 0.354 (0.327, 0.381) 42971211 -

Kuru B et al, 2021 - Mild 0.512 (0.483, 0.541) 585/1143 —
Sparano C et al, 2021 - Mild 0.306 (0.294, 0.317) 1978/6474 E &

Orhan Soylemez UP et al, 2022 - Mild 0.621 (0.591, 0.651) 627/1010 —
Subgroup Mild risk 0.381 (0.317, 0.446) 15196/41332 —_—_—

Xu T et al, 2018 - Moderate 0.267 (0.250, 0.285) 659/2465 —-—

Qi Q et al, 2021 - Moderate 0.160 (0.138, 0.181) 175/1096 —-m—

Hoang JK et al, 2021 - Moderate 0.429 (0.423, 0.435) 11990/27933 —]
Seifert P et al, 2021 - Moderate 0.245 (0.221, 0.269) 297/1211 ——

Kuru B et al, 2021 - Moderate 0.251 (0.226, 0.276) 287/1143 —a—

Sparano C et al, 2021 - Moderate 0.452 (0.440, 0.464) 2928/6474 -

Orhan Soylemez UP et al, 2022 - Moderate 0.264 (0.237, 0.292) 267/1010 —-—

Subgroup Moderate risk 0.296 (0.214, 0.378) 16603/41332 ———T T

Xu T et al, 2018 - Severe 0.461 (0.442, 0.481) 1137/2465 ——

Qi Q et al, 2021 - Severe 0.610 (0.582, 0.639) 669/1096 —
Hoang JK et al, 2021 - Severe 0.189 (0.185, 0.194) 5287/27933 B

Seifert P et al, 2021 - Severe 0.406 (0.379, 0.434) 492/1211 ——

Kuru B et al, 2021 - Severe 0.237 (0.212, 0.262) 271/1143 ——

Sparano C et al, 2021 - Severe 0.242 (0.232, 0.253) 1568/6474 E 3

Orhan Soylemez UP et al, 2022 - Severe 0.115 (0.095, 0.135) 116/1010 ——

Subgroup Severe risk 0.323 (0.231, 0.414) 9540/41332 —_—— T T

C

Studies Estimate (95% C.I.) K

XuT et al, 2018 - Mild 0.057 (0.048, 0.066) 141/2465 -

Qi Q et al, 2021 - Mild 0.068 (0.053, 0.082) 74/1096 -

Hoang JK et al, 2021 - Mild 0.025 (0.023, 0.026) 688/27933 @

Seifert P et al, 2021 - Mild 0.049 (0.037, 0.061) 59/1211 -

Kuru B et al, 2021 - Mild 0.020 (0.012, 0.028) 23/1143 -

Sparano C et al, 2021 - Mild 0.056 (0.051, 0.062) 365/6474 =

Orhan Soylemez UP et al, 2022 - Mild 0.075 (0.059, 0.092) 76/1010 —-—

Subgroup Mild risk 0.049 (0.033, 0.065) 1426/41332 <

Xu T et al, 2018 - Moderate 0.279 (0.261, 0.296) 687/2465 —a—

Qi Q et al, 2021 - Moderate 0.201 (0.177, 0.224) 220/1096 —

Hoang JK et al, 2021 - Moderate 0.440 (0.434, 0.446) 12292/27933 =

Seifert P et al, 2021 - Moderate 0.350 (0.323, 0.377) 42471211 R

Kuru B et al, 2021 - Moderate 0.521 (0.492, 0.550) 595/1143 —
Sparano C et al, 2021 - Moderate 0.437 (0.425, 0.449) 2827/6474 -

Orhan Soylemez UP et al, 2022 - Moderate 0.534 (0.503, 0.564) 539/1010 ——
Subgroup Moderate risk 0.394 (0.327, 0.461) 17584/41332 s

XuT et al, 2018 - Severe 0.664 (0.645, 0.683) 1637/2465 ——
Qi Q et al, 2021 - Severe 0.732 (0.706, 0.758) 802/1096 —
Hoang JK et al, 2021 - Severe 0.535 (0.529, 0.541) 14953/27933 =
Seifert P et al, 2021 - Severe 0.609 (0.582, 0.637) 738/1211 —
Kuru B et al, 2021 - Severe 0.459 (0.430, 0.488) 525/1143 ——
Sparano C et al, 2021 - Severe 0.507 (0.495, 0.519) 3282/6474 -

Orhan Soylemez UP et al, 2022 - Severe 0.391 (0.361, 0.421) 395/1010 —

Subgroup Severe risk 0.557 (0.498, 0.616) 22332/41332 —_— =

Figure 4

(A) Assessment of TNs according to the risk of malignancy estimated in ACR-TIRADS. (B) Assessment of TNs according to the risk of malignancy
estimated in EU-TIRADS. (C) Assessment of TNs according to the risk of malignancy estimated in K-TIRADS. Any square represents a study and its size
varies with study effect, while the line represents a 95% CI. Diamond indicates the pooled call rate and its wideness represents the 95% CI.
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Table 3 Pooled results of TNs assessment according to ACR-, EU-, and K-TIRADS risk-aggregated categories.

ACR-TIRADS EU-TIRADS K-TIRADS
% (95% CI) (%) % (95% CI) (%) % (95% CI) (%)
Risk-aggregated category
Mild 13.6(9.3-17.9)a 99.38 38.1(31.7-44.6) 99.19% 4.9 (3.3-6.5)ba 97.28
Moderate 62.3 (51.2-73.5)b2 99.73 29.6 (21.4-37.8) 99.51% 39.4 (32.7-46.1)P 99.2
Severe 24.2 (13.6-34.9) 99.78 32.3(23.1-41.4) 99.66% 55.7 (49.8-61.6)pa 98.92

aSignificantly different with respect to the same categories of the other TIRADSs; bSignificantly different with respect to the other categories of its TIRADS.

I2, heterogeneity; TNs, thyroid nodules.

only seven recently published studies. This indicates that
during these years, the authors primarily focused on
evaluating and comparing the diagnostic performance
of TIRADS and the unnecessary FNAC rate in selected
populations. Despite this, we have pooled over 40,000
nodules, enabling a comprehensive and detailed analysis
for the study. These seven reports came from various
departments (imaging, endocrinology, and surgery)
and from three different continents (Europe, Asia, and
America). Thus, the diagnostic profile of the centers
varied and seems to be quite a representative sample of
the location where patients are daily taken care of.

Secondly, the initial comprehensive view of TN
distribution across categories proposed by the three
TIRADSs suggests that: (1) The American system typically
assigns nodules to the intermediate-risk category
with a 40% call rate (Fig. 2A); (2) The European system
demonstrates a similar distribution across categories 3,
4, and 5 (Fig. 2B); (3) The Korean system categorizes 40%

of TNs as category 3 (Fig. 2C); and (4) all three systems
exhibit the lowest call rate for the low/very-low-risk
class (Fig. 2A, B, and C).

Thirdly, a comparative analysis of TIRADSs category call
rates shows that ACR-TIRADS significantly exceeds EU-
and K-TIRADS 2 in category 1-2 call rates, but is lower
in category 3 call rates compared to K-TIRADS. Notably,
there is no significant difference in the call rates for
intermediate- and high-risk categories (i.e. 4 and 5)
across all three systems (Table 2).

Fourthly, upon analyzing the risk-adjusted classes (Fig.
3), it was observed that TNs are often classified as severe
risk by K-TIRADS, as moderate risk by ACR-TIRADS, and
as mild risk more frequently by EU-TIRADS than the
other two systems (Figs. 5A, B, C and 6).

The high-level evidence findings warrant a thorough
discussion. First,the smallnumber of studiesinvestigating
the evaluation of TNs according to TIRADSs, regardless

A

Studies Estimate (95% C.I.) Mild

XuTetal, 2018 - ACR 0.206 (0.190, 0.222) 508/2465 —.-—

Qi Q et al, 2021 - ACR 0.170 (0.147, 0.192) 186/1096 —a—

Hoang JK et al, 2021 - ACR 0.113 (0.109, 0.116) 3149/27933 =2

Seifert P et al, 2021 - ACR 0.112 (0.095, 0.130) 136/1211 —.—

Kuru B et al, 2021 - ACR 0.101 (0.083, 0.118) 115/1143 —.—

Sparano C et al, 2021 - ACR 0.038 (0.034, 0.043) 248/6474 =

Orhan Soylemez UP et al, 2022 - ACR 0.215 (0.190, 0.240) 217/1010 -

Subgroup ACR-TIRADS 0.136 (0.093, 0.179) 4559/41332 —

XuT etal, 2018 - EU 0.271 (0.254, 0.289) 669/2465 —a—

Qi Q et al, 2021 - EU 0.230 (0.205, 0.255) 252/1096 R

Hoang JK et al, 2021 - EU 0.381 (0.376, 0.387) 10656/27933 =
Seifert P et al, 2021 - EU 0.354 (0.327, 0.381) 429/1211 ——

Kuru B et al, 2021 - EU 0.512 (0.483, 0.541) 585/1143 —
Sparano C et al, 2021 - EU 0.306 (0.294, 0.317) 1978/6474 -

Orhan Soylemez UP et al, 2022 - EU 0.621 (0.591, 0.651) 627/1010 —
Subgroup EU-TIRADS 0.381 (0.317, 0.446) 15196/41332 —_—
XuTetal 2018 -K 0.057 (0.048, 0.066) 141/2465 -

Qi Qetal, 2021 - K 0.068 (0.053, 0.082) 74/1096 —-—

Hoang JK et al, 2021 - K 0.025 (0.023, 0.026) 688/27933 -

Seifert P et al, 2021 - K 0.049 (0.037, 0.061) 59/1211 -

Kuru B et al, 2021 - K 0.020 (0.012, 0.028) 23/1143 k]

Sparano C et al, 2021 - K 0.056 (0.051, 0.062) 365/6474 =

Orhan Soylemez UP et al, 2022 - K 0.075 (0.059, 0.092) 76/1010 —.—

Subgroup K-TIRADS 0.049 (0.033, 0.065) 1426/41332 <<
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B

Studies Estimate (95% c.I.) Moderate

XuT et al, 2018 - ACR 0.501 (0.482, 0.521) 1236/2465 —.—

Qi Qetal 2021 - ACR 0.368 (0.339, 0.396) 403/1096 —

Hoang JK et al, 2021 - ACR 0.793 (0.789, 0.798) 22159/27933 [ - |
Seifert P et al, 2021 - ACR 0.618 (0.590, 0.645) 748/1211 ——
Kuru B et al, 2021 - ACR 0.754 (0.729, 0.779) 862/1143 —.—
Sparano C et al, 2021 - ACR 0.618 (0.606, 0.630) 3999/6474 E 3

Orhan Soylemez UP et al, 2022 - ACR 0.711 (0.683, 0.739)  718/1010 "
Subgroup ACR-TIRADS 0.623 (0.512, 0.735) 30125/41332 —_——
XuT et al, 2018 - EU 0.267 (0.250, 0.285) 659/2465 .

Qi Qetal, 2021 - EU 0.160 (0.138, 0.181) 175/1096  —@—

Hoang JK et al, 2021 - EU 0.429 (0.423, 0.435) 11990/27933 |

Seifert P et al, 2021 - EU 0.245 (0.221, 0.269) 297/1211 .

Kuru B et al, 2021 - EU 0.251 (0.226, 0.276) 287/1143 —.—

Sparano C et al, 2021 - EU 0.452 (0.440, 0.464) 2928/6474 -

Orhan Soylemez UP et al, 2022 - EU 0.264 (0.237, 0.292) 267/1010 —-

Subgroup EU-TIRADS 0.296 (0.214, 0.378) 16603/41332 ——

XuT etal, 2018 - K 0.279 (0.261, 0.296) 687/2465 -

Qi Qetal, 2021 -K 0.201 (0.177, 0.224) 220/1096 —.—

Hoang JK et al, 2021 - K 0.440 (0.434, 0.446) 12292/27933 [~

Seifert P et al, 2021 - K 0.350 (0.323, 0.377) 424/1211 ——

Kuru B et al, 2021 - K 0.521 (0.492, 0.550) 595/1143 —a—

Sparano C et al, 2021 - K 0.437 (0.425, 0.449) 2827/6474 I

Orhan Soylemez UP et al, 2022 - K 0.534 (0.503, 0.564)  539/1010 i -

Subgroup K-TIRADS 0.394 (0.327, 0.461) 17584/41332 e

C

Studies Estimate (95% C.I.) Severe

Xu T et al, 2018 - ACR 0.301 (0.283, 0.319) 741/2465 -

Qi Q et al, 2021 - ACR 0.463 (0.433, 0.492) 507/1096 ——

Hoang JK et al, 2021 - ACR 0.094 (0.091, 0.097) 2625/27933 -

Seifert P et al, 2021 - ACR 0.278 (0.253, 0.304) 337/1211 —-

Kuru B et al, 2021 - ACR 0.145 (0.125, 0.166) 166/1143 =

Sparano C et al, 2021 - ACR 0.344 (0.332, 0.356) 2227/6474 -

Orhan Soylemez UP et al, 2022 - ACR 0.074 (0.058, 0.090) 75/1010 -

Subgroup ACR-TIRADS 0.242 (0.136, 0.349) 6678/41332 —_——

Xu T et al, 2018 - EU 0.461 (0.442, 0.481) 1137/2465 .

QiQetal, 2021 - EU 0.610 (0.582, 0.639) 669/1096 —e
Hoang JK et al, 2021 - EU 0.189 (0.185, 0.194) 5287/27933 |

Seifert P et al, 2021 - EU 0.406 (0.379, 0.434) 492/1211 ——

Kuru B et al, 2021 - EU 0.237 (0.212, 0.262) 271/1143 —a—

Sparano C et al, 2021 - EU 0.242 (0.232, 0.253) 1568/6474 -

Orhan Soylemez UP et al, 2022 - EU 0.115 (0.095, 0.135) 116/1010 —.—

Subgroup EU-TIRADS 0.323 (0.231, 0.414) 9540/41332 —_—

Xu T etal, 2018 - K 0.664 (0.645, 0.683) 1637/2465 -
Qi Qetal, 2021 - K 0.732 (0.706, 0.758) 802/1096 —a
Hoang JK et al, 2021 - K 0.535 (0.529, 0.541) 14953/27933 =

Seifert P et al, 2021 - K 0.609 (0.582, 0.637) 738/1211 —a—
Kuru B et al, 2021 - K 0.459 (0.430, 0.488) 525/1143 —

Sparano C et al, 2021 - K 0.507 (0.495, 0.519) 3282/6474 E 3

Orhan Soylemez UP et al, 2022 - K 0.391 (0.361, 0.421) 395/1010 ——

Subgroup K-TIRADS 0.557 (0.498, 0.616) 22332/41332 —_—

Figure 5

(A) Head-to-head comparison of TIRADSs according to TNs assessment in mild risk class. (B) Head-to-head comparison of TIRADSs according to TNs
assessment in moderate risk class. (C) Head-to-head comparison of TIRADSs according to TNs assessment in severe-risk class. Any square represents
a study and its size varies with study effect, while the line represents a 95% CI. Diamond indicates the pooled call rate and its wideness represents
the 95% CI.
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Figure 6

Graphical schematic representation of the meta-analysis of TIRADSs
assessment according to risk-aggregated categories. This figure
represents a sort of graphical abstract of the entire article. It illustrates
schematically the different behavior exhibited by ACR-, EU-, and K-TIRADS
when considering the risk of malignancy that they assign to each their
category. According to malignancy risk estimation, K-TIRADS often
assesses thyroid nodules as severe risk, ACR-TIRADS as moderate risk,
and EU-TIRADS as mild risk) The details of these results are reported in
Table 3 and Fig. 5.

of their accuracy, is an interesting topic. The latter is
probably influenced by the need to assess the reliability
of TIRADS shortly after its introduction. Regardless,
TIRADS users need to understand how the RSS performs
in assessing TNs, irrespective of their indication for
FNAC/surgery. Secondly, Table 2 shows the pooled results
of TNs grading according to ACR-, EU-, and K-TIRADS,
revealing a significant issue that has not been addressed
in previous studies. The distribution of nodules in
categories 1-2 and 3 ranges from 35.5% to 44.3%. The
distribution of category 5 nodules ranges from 21.9% to
32.3%. This result is noteworthy, as many studies indicate
that the expected malignancy rate for unselected thyroid
nodules is between 5% and 10% (1). Thus, the developed
RSSs appear to overestimate this percentage by a factor
of two to three. Furthermore, in at least half of the cases,
90% of benign nodules are not correctly classified. These
facts are alarming because they consistently lead to
patients undergoing unnecessary testing and follow-up.
Thirdly, RSS users should be aware that the distribution
of nodules in TIRADS risk classes is influenced not
only by potential geographic differences (e.g. iodine
sufficiency, genetic), but also by the classification
systems themselves. This data may influence a clinical
user's decision in favor of one TIRADS over the others.
Furthermore, understanding this distribution can serve
as a self-assessment tool for users. In other words, each
healthcare setting can assess if there are significant
deviations from the expected figures found in the
selected literature. In this scenario, over-scoring or
under-scoring may occur and require correction. Under-
scoring can lead to missed carcinomas, while over-
scoring may result in unnecessary examinations and
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heightened anxiety. Fourthly, it is reassuring for clinical
users that no difference was found in the call rate for
intermediate- and high-risk categories across the three
TIRADSs. We are all quite prone to recommend these
patients for surgery, especially those in category 5. This
data somewhat aligns with the literature on the accuracy
of TIRADS in predicting malignancy (8, 9). Fifthly, the
malignancy risk estimates across each RSSs TIRADS
categories are not always comparable. Thus, when the
risk-adjusted system is developed to align the risks, it
becomes clear that TIRADSs evaluate TNs differently.
K-TIRADS appears to increase the risk of TNs, ACR-
TIRADS reduces the call rate for the two extremes, and
EU-TIRADS divides TNs into three equal parts and has
the highest rate in the mild-risk category. This represents
essential new information in this field that requires
comprehensive discussion. Different TIRADSs, such
as ACR-, EU-, and K-TIRADS, have been developed and
conceptualized in three distinct geographic contexts.
Numerous factors can lead to the development of
‘aggressive’ systems, prompting clinicians to proceed
with diagnostic work-up, including invasive tools (i.e.
FNAC, large biopsy, surgery). Key factors to consider
in this context include the health system, cost charges,
national programs, patient expectations, anxiety about
living with the disease, hospital accessibility, availability
of diagnostic procedures, physician's inclination to
investigate further, and doctor—patient communication,
among others. Indeed, it has been previously
reported that the rate of unnecessary FNAC varies
among different RSSs/TIRADSs (10, 24). These figures
suggest significant differences among TIRADSs,
primarily due to specific ambiguous ultrasound pattern
definition such as hypoechogenicity (25). These issues
need to be resolved before establishing a globally
accepted TIRADS, endorsed by leading societies focused
on TNs (I-TIRADS) (23).

Significant heterogeneity was consistently observed
in pooled analyses. The heterogeneity in the
intermediate-risk category of TIRADSs may be due to a
large number of covariates. The system's intermediate
class is recognized as the weakest (2, 26). Conversely,
the recorded large heterogeneity confirms that the
assessment of TNs according to TIRADSs can significantly
vary based on numerous characteristics.

Adiscussion of practical conclusions is necessary to assist
readers and TIRADS users to be mindful of the present
findings, while waiting for the introduction of I-TIRADS.
If we are working in a context with a high incidence
of thyroid cancers or facing patients with significant
anxiety about living with the disease, we should
consider using the K-TIRADS conceptualization. This
system is more likely to recommend further diagnostic
work-up and is associated with a higher risk estimation
(and, presumably, higher diagnostic sensitivity). If our
healthcare system is disciplined by laws that encourage
cost-saving measures, or if we operate in an iodine-
deficient region with a high incidence of benign goiter,
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Table 4 Summary of findings of exploration of heterogeneity.
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Risk of malignancy2/
feature

General explanation

TIRADS categor
Figure number in gory

supplemental material

Description Category

Mild
Malignancy rate
Study period

Moderate
Malignancy rate

The higher the cancer rate in the study
series, the lower the proportion of calls
for this class.p

The longer the study period, the lower
the proportion of calls for this class.c

The higher the cancer rate in the study
series, the lower the proportion of calls
for this class.

Study period The longer the study period, the higher
the proportion of calls for this class.
Age The higher the age of the population
enrolled, the higher the call for this class.
Sample size The higher the size, the higher the
proportion of calls for this class.
Severe

Malignancy rate
series, the higher the proportion of
calls for this class.

Age The higher the age of the population

enrolled, the lower the call for this class.d

Female-to-male ratio  The higher the ratio in the population

enrolled, the lower the call for this class.e

The higher the cancer rate in the study

1,2,10,11,12,38  Low-risk/ ACR-TIRADS 13,
suspicion EU-TIRADS 2-3,
and K-TIRADS 2-3
3,4,5
16,17, 18,39 Intermediate-risk/ ACR-TIRADS 4,
suspicion EU-TIRADS 4, and
K-TIRADS 4
19, 20, 21, 40
22, 23,24, M
26,27,28
30, 31,32, 42 High-risk/ ACR-TIRADS 5,
suspicion EU-TIRADS 5, and
K-TIRADS 5
33,34
35,36

aThese categories are defined in the text; ®Not significant for ACR-TIRADS 1-2; cNot significant for ACR-, EU-, and K-TIRADS 3; dNot significant for EU-TIRADS

5; eNot significant for K-TIRADS 5.

we should consider using ACR-TIRADS or EU-TIRADS
to classify nodules. ACR-TIRADS tends to classify
nodules as intermediate risk more often than other
systems, while EU-TIRADS more frequently assess TNs
as low-risk. For all the above reasons, we are not able
to conclude whether any of the three TIRADSs can be
universalized and adapted to all geographical contexts.
In addition, the specific setting of the institution (e.g.
oncological center, internal medicine department,
radiology division, endocrinology service, private
office) to which patients are referred may affect the pre-
test risk, resulting in a different risk assessment result.
Each institution and each user should adopt the system
that is better suited to its specific setting. In any case,
all these issues themselves confirm the need to achieve
a generalizable I-TIRADS. Finally, uniform classification
aspects are also essential for the implementation of
artificial intelligence algorithms in routine thyroid
ultrasound (27).

Strengths and potential limitations of the paper should be
addressed. Occasionally, the research aim was somewhat
unclear during the study selection. We initially set very
strict and rigorous study selection criteria, leading to
the exclusion of most papers. The seven included papers
were performed in tertiary centers with varying study
periods. This may constitute a selection bias because

patients assessed at risk are generally referred to tertiary
centers. Also, data on the setting of institutions could not
be fully analyzed, but can at least be considered as fairly
representative of daily practice. This aspect cannot be
fully explored and, in any case, patients may have been
referred to tertiary centers regardless of the complexity
of their clinical condition. They presented data from a
retrospective analysis, thus minimizing the risk of inter-
observer variability. The three continents had equal
representation. Furthermore, the major strength was the
ability to directly compare the three systems, ensuring
data consistency.

Conclusion

To our knowledge, this is the first systematic review
and meta-analysis aimed at analyzing and comparing
the distribution of thyroid nodules across the categories
of different TIRADS, regardless of the need for further
diagnostic or therapeutic work-up. The results suggest
that ACR-, EU-, and K-TIRADS exhibit different behaviors.
Clinicians and researchers need to be fully aware of
these findings in order to self-assess and understand the
underlying assumptions of the system they are using.
These figures have to be seen as essential prerequisites
for developing the I-TIRADS.
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