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Abstract

Objective: Several thyroid imaging reporting and data systems (TIRADS) have been proposed to stratify the malignancy
risk of thyroid nodule by ultrasound. The TIRADS by the European Thyroid Association, namely EU-TIRADS, was the last
one to be published.

Design: We conducted a meta-analysis to assess the prevalence of malignancy in each EU-TIRADS class and the
performance of EU-TIRADS class 5 vs 2, 3 and 4 in detecting malignant lesions.

Methods: Four databases were searched until December 2019. Original articles reporting the performance of
EU-TIRADS and adopting histology as reference standard were included. The number of malignant nodules in each
class and the number of nodules classified as true/false positive/negative were extracted. A random-effects model was
used for pooling data.

Results: Seven studies were included, evaluating 5672 thyroid nodules. The prevalence of malignancy in each
EU-TIRADS class was 0.5% (95% CI: 0.0-1.3), 5.9% (95% Cl: 2.6-9.2), 21.4% (95% CI: 11.1-31.7), and 76.1% (95% Cl:
63.7-88.5). Sensitivity, specificity, PPV, NPV, LR+, LR— and DOR of EU-TIRADS class 5 were 83.5% (95% Cl: 74.5-89.8),
84.3% (95% Cl: 66.2-93.7), 76.1% (95% Cl: 63.7-88.5), 85.4% (95% Cl: 79.1-91.8), 4.9 (95% ClI: 2.9-8.2), 0.2 (95% Cl:
0.1-0.3), and 24.5 (95% Cl: 11.7-51.0), respectively. A further improved performance was found after excluding two
studies because of limited sample size and low prevalence of malignancy in class 5.

Conclusions: A limited number of studies generally conducted using a retrospective design was found. Acknowledging
this limitation, the performance of EU-TIRADS in stratifying the risk of thyroid nodules was high. Also, EU-TIRADS class
5 showed moderate evidence of detecting malignant lesions.
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Introduction

Thyroid nodule is a common entity. The prevalence of
palpable lesions is estimated in 5% in women and 1%
in men living in iodine-sufficient parts of the world; this

increases to 19-68% in randomly selected individuals
assessed by imaging, with higher frequencies reported
in women, the elderly and subjects with metabolic
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syndrome (1, 2). Ultrasound (UY) is the first-line imaging
tool for the assessment of malignancy risk of thyroid
nodules. Hypoechogenicity, shape,
irregular margins, microcalcifications, extrathyroidal
extension, are recognized as risk features (3, 4). However,
US reliability is affected by inter- and intra-operator
variability of using these features as single parameters
(5, 6). To solve these weaknesses, several US risk
stratification systems (i.e. thyroid imaging reporting and
data system, TIRADS) have been developed to stratify
the malignancy risk of a nodule and then suggest the
need for fine-needle aspiration (FNA) (1, 7, 8, 9, 10, 11).
Among these, the proposal by the European Thyroid
Association (ETA), namely EU-TIRADS, was the last one
to be published (11). This system categorizes nodules
into five classes, from 1 (no nodules) to 5 (high risk).
The most remarkable difference with the other systems
consists in the fact that the presence of at least one of
four features of high suspicion (non-oval/round shape,
irregular markedly
hypoechogenicity in a solid nodule) defines a nodule
at high risk of cancer (EU-TIRADS class 5) regardless
of other US features. Following this approach, the ETA
experts have estimated a risk of malignancy close to zero
in EU-TIRADS class 2, 2-4% in EU-TIRADS class 3, 6-17%
in EU-TIRADS class 4, and ranging from 26 to 87% in
EU-TIRADS class 5 (11).

A number of original papers have attempted
to evaluate the performance of TIRADSs, including
EU-TIRADS (12). In those articles there were two specific
outcomes, represented by the risk of malignancy of each
class and the reliability in indicating FNA. However, most
of those studies were retrospective and their results were
heterogeneous, thus limiting the applicability of findings
in clinical practice. Importantly, they enrolled nodules
previously submitted to FNA even if this indication was
not based on TIRADSs; therefore, a significant selection
bias was present in those data (12). Finally, the majority
of these studies used FNA as reference standard with the
introduction of further significant bias; while cytology
can detect papillary thyroid carcinoma (PTC), this is not
true for follicular cancer (FTC), which is cytologically
indistinguishable from its benign counterpart (follicular
adenoma (FA)) and usually classified in the indeterminate
category (13), or medullary cancer (MTC), which is missed
by cytology in up to 50% of cases (14). On the contrary,
evaluating the reliability of one TIRADS in a population of
patients who have undergone surgery and using histology
as gold standard could allow avoiding bias related to the
final diagnosis, even if selection bias is still possible.

taller-than-wide

margins, microcalcifications or

The present study was undertaken to achieve solid
information on the performance of EU-TIRADS. In this
order, we planned a systematic review to identify studies
reporting histological data of nodules classified according
to EU-TIRADS. Also, we performed a meta-analysis of
available data to: (1) verify if the predicted/estimated risk
of malignancy in each EU-TIRADS class is consistent with
real data and (2) evaluate sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
likelihood ratio for positive results (LR+) and for negative
results (LR—), diagnostic odds ratio (DOR) of EU-TIRADS
class 5 vs the other classes in detecting malignant lesions.

Methods

The systematic review was registered in PROSPERO
(CRD42020150843) and performed in accordance with
the Preferred Reporting Items for a Systematic Review
and Meta-analysis of Diagnostic Test Accuracy Studies
(PRISMA-DTA) (Supplementary Tables 1 and 2, see section
on supplementary materials given at the end of this
article) (15).

Search strategy

A six-step search strategy was planned. First, sentinel
studies were searched in PubMed. Secondly, keywords and
MeSH terms were identified in PubMed. Thirdly, in order
to test the strategy, the terms ‘European’ AND ‘TIRADS’
and ‘EU-TIRADS’ were searched in PubMed. Fourthly,
PubMed, CENTRAL, Scopus and Web of Science were
searched. Fifthly, studies reporting histological data of
nodules classified according to EU-TIRADS were selected.
Finally, references of included studies were screened for
additional papers. The last search was performed on
December 5, 2019. Articles in all languages were accepted
and with no restriction to the year they were published.
Two investigators (MC, PT) independently searched
the papers, screened titles and abstracts of the retrieved
articles, reviewed the full texts and selected articles for
their inclusion.

Data extraction

The following information was extracted independently
and in duplicate by two investigators (MC, PT) in a piloted
form: (1) general information on the study (author, year
of publication, country, study type, number of patients,
number of nodules, final diagnosis); (2) number of
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malignantlesions in each EU-TIRADS class; and (3) number
of nodules classified as true/false positive/negative. For
the purpose of diagnostic performance meta-analysis,
EU-TIRADS class was the index test and histology was
the reference standard. A benign nodule was considered
as true negative if it was classified as EU-TIRADS class 2,
3 or 4. A benign nodule was considered as false positive
if it was classified as EU-TIRADS class 5. A malignant
nodule was considered as true positive if it was classified
as EU-TIRADS class 5. A malignant nodule was considered
as false negative if it was classified as EU-TIRADS class
2, 3 or 4. The main paper and Supplementary data were
searched; if data was missing, authors were contacted
via email. Data were cross-checked and any discrepancy
was discussed.

Study quality assessment

The risk of bias of included studies was assessed
independently by two reviewers (MC, PT) through the
Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) tool for the following aspects: patient
selection, index test, reference standard, flow and timing.
Risk of bias and concerns about applicability were rated as
low, high or unclear (16).

Statistical analysis

The characteristics of included studies were summarized.
Then, separate analyses were performed according to
the following steps. First, a proportion meta-analysis
was carried to obtain the pooled rate with 95% CI of
malignancy among all histologically proven nodules

Records identified on PubMed,
CENTRAL, Scopus and Web of Records identified through
Science search (n=74) other sources (n=0)

| |
|

Records after duplicates
removed (n=39)

Records screened (n=39) |

within a specific EU-TIRADS class. For statistical pooling
of data, a random-effects model was used. Second, a
diagnostic performance meta-analysis of EU-TIRADS
class 5 vs the other classes considered as a whole (i.e.
2, 3 and 4) in selecting malignant nodules was carried
out. Summary operating points including sensitivity,
specificity, NPV, PPV, LR+, LR—, and DOR, with 95% CI,
were estimated. DOR provides a single measure of test
performance; it is equal to LR+/LR— and corresponds to
the odds of the EU-TIRADS class 5 in a malignant nodule
compared with the odds of the EU-TIRADS class S in a
benign one. The value ranges from zero to infinity, with
higher values indicating higher performance. LR+ is the
likelihood that EU-TIRADS class 5 would be expected
in a malignant nodule (true positive) compared to the
likelihood in a benign one (false positive). A LR+ greater
than 10 means strong evidence, between 5 and 10
moderate evidence and less than 5 weak evidence. LR— is
the likelihood that EU-TIRADS class 2, 3 or 4 would be
expected a malignant nodule (false negative) compared
to the likelihood in a benign one (true negative). A LR—
less than 0.1 means strong evidence, between 0.1 and 0.2
moderate evidence and higher than 0.2 weak evidence. A
bivariate random-effects model was used for the pooled
analysis of sensitivity and specificity; a random-effects
model was used for the pooled analysis of the remaining
metrics (17, 18). All analyses were performed on a per
lesion basis and carried out using OpenMeta (Analyst)
(Rockville, MD, USA), StatsDirect statistical software
(StatsDirect Ltd; Altrincham, UK) and GraphPad Prism
version 7 (La Jolla, CA, USA) . Heterogeneity between
studies was assessed by using 12, with 50% or higher
values regarded as high heterogeneity. For the proportion

1 Records excluded (n=27)

Full-text papers assessed for
eligibility (n=12)

Full-text articles excluded, with reasons (n=>5):
* computer-aided data based on EU-TIRADS (n=1)
* no available data of interest (n=4)

Records included in the
systematic review (n=7)

Figure 1
Flow chart of the systematic review.
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meta-analysis, the Egger’s test was carried out to evaluate
the possible presence of significant publication bias. For
the diagnostic performance meta-analysis, publication
bias was not evaluated, because of uncertainty about
the determinants for diagnostic accuracy studies and the
inadequacy of tests for detecting funnel plot asymmetry
(18). A sensitivity analysis by excluding those studies with
specific characteristics was performed. A Pvalue of <0.05
was regarded as significant.

Results

A total of 74 papers were found, of which 25 were on
PubMed, 27 were on Scopus, 18 were on Web of Science
and 4 were on CENTRAL. After removal of 35 duplicates,
39 articles were analyzed for title and abstract; 27 records
were excluded (guideline, meta-analysis, TIRADS other
than EU-TIRADS, study including only specific groups
of nodules (e.g. benign nodules, indeterminate nodules,
PET/CT focal thyroid incidentalomas), poster, case report).
The remaining 12 papers were retrieved in full-text and 7

Table 1 Characteristic of included studies.

articles were finally included in the systematic review (Fig.
1) (19, 20, 21, 22, 23, 24, 25). No additional study was
retrieved after screening the references of these papers.

Qualitative analysis (systematic review)

The characteristics of the included articles are summarized
in Table 1. The papers were published between 2018 and
2019 and had sample sizes ranging from 48 to 1612
thyroid nodules. Participants were adult outpatients who
had undergone either thyroid surgery or parathyroid
surgery and with US images available. Both nodules on
which surgical indication was based (either compressive
symptoms or cancer risk) and other nodules in the same
patients were included, with a mean number of 1.4
nodules per patient ranging from 1.0 to 2.7 (19, 22). Five
studies were retrospective and two prospective cohorts.
Two studies were carried out in China, two in Poland,
one in Korea, one in Italy and one multicenter study in
France, Switzerland and the United Kingdom. All studies
assessed EU-TIRADS with histology as the gold standard
for both malignant and benign diagnosis. The prevalence

Maximum
Study Thyroid Malignant diameter (mm;
First author, year Country design Selection criteria of included study nodules (n) nodules (n, %) mean, s.n.)
Skowroriska Poland PCS Thyroid or parathyroid surgery 143 8 (6) 16.1+£17.1
etal. (19)
Dobruch-Sobczak Poland RCS Thyroid surgery following 842 229 (27) 19.3+12.8
et al. (20) Bethesda IV-VI FNA or nodular
goiter with clinical symptoms.
Patients with symptomatic
purely cystic lesions were
excluded
Grani et al. (21) Italy PCS Subgroup of patients undergoing 48 36 (75) 21.1+11.3
thyroid surgery. Patients with
nodules <10 mm were
excluded
Shen et al. (22) China RCS Thyroid surgery following FNA or 1612 773 (48) 16.7+11.7
the finding of highly suggestive
features on US or nodular
goiter with clinical symptoms.
Patients with nodules <5 mm
were excluded
Trimboli et al. (23) France, RCS Thyroid surgery for all causes. 1058 257 (24) 17.9+12.9
Switzerland Patients with nodules <5 mm
and the were excluded.
United Kingdom
Xu et al. (24) China RCS Thyroid surgery 1510 1005 (66) 16.5+12.5
Yoon et al. (25) Korea RCS Subgroup of patients undergoing 459 225 (49) 22.2+9.9

thyroid surgery. Patients with
nodules <10 mm were

excluded

In Yoon et al. (25) one benign and five malignant nodules were non-classifiable according to EU-TIRADS; they were not included in the following analyses.
FNA, fine-needle aspiration cytology; PCS, prospective cohort study; RCS retrospective cohort study; US, ultrasound.
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of malignancy ranged from 6% to 75% (19, 21). Overall,
2533 malignant and 3139 benign nodules were included
in the present review.

Quantitative analysis (meta-analysis)

First, the pooled prevalence of malignancy among all
nodules was assessed. It corresponded to 0.5% (95% CI:
0.0 to 1.3; I2=0%) in EU-TIRADS class 2, 5.9% (95% CI:
2.6 t0 9.2; 12=88%) in EU-TIRADS class 3, 21.4% (95% CIL:
11.1 to 31.7; I?=96%) in EU-TIRADS class 4, and 76.1%
(95% CI: 63.7 to 88.5; 12=98%) in EU-TIRADS class 5
(Fig. 2). There was no evidence of publication bias.

Second, a diagnostic performance meta-analysis of
EU-TIRADS class 5 vs the other classes considered as a
whole (i.e. 2, 3 and 4) in selecting malignant nodules was
carried out. The number of true/false positive/negative in
each study is shown in Table 2. The pooled sensitivity was
83.5% (95% CI: 74.5 to 89.8), specificity was 84.3% (95%
Cl: 66.2 t0 93.7), PPV was 76.1% (95% CI: 63.7 to 88.5), and
NPV 85.4% (95% CI: 79.1 to 91.8). Since these summary
operating points are influenced by the prevalence of the
disease in the population tested, we estimated the following
parameters, which are independent of disease prevalence
and thus characteristics of EU-TIRADS. The pooled LR+ was
4.9 (95%CI:2.9t08.2), LR—was 0.2 (95% CI: 0.1 t0 0.3), and
DOR was 24.5 (95% CI: 11.7 to 51.0). A high heterogeneity
was found for all the outcomes (Table 3).

Among the included studies, there was one study
with a limited sample size and one study in which
the prevalence of malignancy among all nodules in
EU-TIRADS class 5 differed significantly from the other
studies (20, 21). Therefore, we performed a sensitivity
analysis by removing these studies. The prevalence of
malignancy among all nodules was 1.6% (95% CI: 0.0
to 3.8) in EU-TIRADS class 2, 5.5% (95% CI: 2.2 to 8.7)
in EU-TIRADS class 3, 20.6% (95% CI: 8.2 to 33.0) in
EU-TIRADS class 4, and 83.3% (95% CI: 77.4 to 89.2) in
EU-TIRADS class S (Supplementary Figs 1 and 2). When
the performance of EU-TIRADS class 5 vs the other classes
in selecting malignant nodules was assessed, the following
results were found: sensitivity was 81.9% (95% CI: 71.2 to
89.2), specificity was 90.4% (95% CI: 77.0 to 96.4), PPV
was 83.3% (95% CI: 77.4 to 89.2), NPV was 86.3% (95%
CI: 78.6 to 94.0), LR+ was 7.2 (95% CI: 4.2 to 12.5), LR—
was 0.2 (95% CI: 0.1 to 0.4), and DOR was 36.9 (95% CI:
15.6 to 87.6). In this sensitivity, as in the overall analysis, a
high heterogeneity was found for all the outcomes except
for the prevalence of malignancy in the EU-TIRADS class
2 (Supplementary Table 3).

Study quality assessment

The risk of bias of the included studies is shown in
Supplementary Table 4. Overall, we found a low risk of
bias: in most studies patients included were consecutive
ones and had a histological diagnosis in a specific time
period; the classification according to EU-TIRADS was
conducted before the final diagnosis or, in retrospective
studies, researchers were blinded to the final diagnosis.
We rated flow and timing bias as low since thyroid
cancer is a chronic condition. The only exception to
the statements mentioned previously included one
study in which patient selection risk of bias was rated as
unclear, with no information on a consecutive or random
enrollment reported (20). In the same study, the index test
applicability concerns item was rated as high, with the
prevalence of malignancy among those nodules classified
as EU-TIRADS class 5 differing significantly from the other
studies. This may be due to differences in technology,
execution, or interpretation which affected the estimates
of the diagnostic accuracy (20). Finally, five studies
excluded nodules depending on size or composition, thus
patient selection applicability concerns item was rated as
high (20, 21, 22, 23, 25).

Discussion

The aim of this systematic review was to identify the best
available evidence on the performance of EU-TIRADS.
Particularly, we aimed to assess if the prevalence of
malignancy in each EU-TIRADS class was in line with the
one estimated by the ETA experts and if EU-TIRADS class
5 was able to select the majority of malignant nodules.
To avoid any bias related to the reference standard, we
included only histologically proven lesions. To our
knowledge, this is the first systematic review and meta-
analysis on the topic. We believe this to be a significant
contribution to the current understanding, since studies
evaluating populations with different prevalence of
malignancy could be interpreted together. An extensive
database search was performed without time or language
restrictions and inclusion criteria were defined prior to
the database search. Seven studies were found, evaluating
2533 malignant and 3139 benign thyroid nodules.

The prevalence of malignancy was 0.5% in EU-TIRADS
class 2, 5.9% in EU-TIRADS class 3, 21.4% in EU-TIRADS
class 4, and 76.1% in EU-TIRADS class 5. These findings
were very close to the ETA experts estimates, these being
close to zero in EU-TIRADS class 2, 2-4% in EU-TIRADS
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Prevalence (95%Cl)

No of malignant /

Weight Prevalence (95%Cl)

260

Study or class no of nodules in class random-effects (%) random-effects
EU-TIRADS class 2
Skowronska, 2018 0/6 — 0.2 7.1 (0.0 to 26.2)
Dobruch-Sobczak, 2019 0/154 1 85.9 0.3(00t01.2)
Grani, 2019 0/0 - -
Shen, 2019 0/8 —— 0.3 5.6 (0.0 to 20.5)
Trimboli, 2019 171 m 9.1 1.4 (0.0 to 4.1)
Xu, 2019 0/34 [+ 44 1.4 (0.0 to 5.4)
Yoon, 2019 0/0 - -
Total 1/273 f 100.0 0.5 (0.0 to 1.3)
(IJ 2I0 4I0 6I0 8I0 1(IJO
EU-TIRADS class 3
Skowronska, 2018 0/93 E 19.7 0.5 (0.0 to 2.0)
Dobruch-Sobczak, 2019 3/93 - 164 3.2 (0.0 to 6.8)
Grani, 2019 5/7 0 09 714 (38.0 to 100.0)
Shen, 2019 11/280 n 18.6 3.9(1.7 0 6.2)
Trimboli, 2019 17/491 O 19.5 3.5(1.8t0 5.1)
Xu, 2019 19/157 —— 137 121 (70t017.2)
Yoon, 2019 14/102 —— 111 13.7 (7.0 to 20.4)
Total 69/1223 - 100.0 5.9 (2.6t09.2)
0 2I0 4I0 610 8lO 1(I)0
EU-TIRADS class 4
Skowronska, 2018 2/36 —— 15.1 5.6 (0.0 to 13.0)
Dobruch-Sobczak, 2019 12/103 —— 155  11.7 (5.5 t0 17.8)
Grani, 2019 5/9 0 63  55.6(23.1t0880)
Shen, 2019 41/443 16.3 9.3 (6.6 to 12.0)
Trimboli, 2019 471277 - 159 17.0(12.5to 21.4)
Xu, 2019 150/388 -0 159 387 (33.8t043.5)
Yoon, 2019 42/128 —0— 149  32.8 (24.7 to 40.9)
Total 299/1384 —— 100.0 214 (11.1t0 31.7)
0 2I0 4I0 6I0 8I0 1(I)0
EU-TIRADS class 5
Skowronska, 2018 6/8 1 82  75.0 (45.0 to 100.0)
Dobruch-Sobczak, 2019 214/492 - 15.6  43.5(39.1t0 47.9)
Grani, 2019 26/32 00— 134 81.2(67.7 to 94.8)
Shen, 2019 721/881 o 158  81.8 (79.3 to 84.4)
Trimboli, 2019 192/219 -0 15.6 877 (83.3t0 92.0)
Xu, 2019 836/931 nj 159 89.8(87.9t091.7)
Yoon, 2019 164/223 40— 154 73.5(67.8t0 79.3)
Total 2159/2786 — 100.0 76.1 (63.7 to 88.5)
0 2I0 4l0 6l0 8l0 1(I)O
Figure 2

Prevalence of malignancy among all nodules in each EU-TIRADS class in the overall analysis.
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Table 2 Classification of thyroid nodules for the purpose of diagnostic performance meta-analysis.

First author, year True positive

False negative True negative False positive

Skowroriska et al. (19) 6
Dobruch-Sobczak et al. (20) 214
Grani et al. (21) 26
Shen et al. (22) 721
Trimboli et al. (23) 192
Xu et al. (24) 836
Yoon et al. (25) 164

2 133 2
15 335 278
10 6 6
52 679 160
65 774 27

169 410 95
56 174 59

class 3, 6-17% in EU-TIRADS class 4, and ranging from 26 to
87% in EU-TIRADS class 5, as stated (11). Interestingly, no
heterogeneity was found in EU-TIRADS class 2. Therefore,
EU-TIRADS should be considered as an accurate system
to stratify the risk of malignancy of thyroid nodules and
the recommendation of not performing FNA in nodules
classified in EU-TIRADS class 2 unless compressive
symptoms are complained is now supported by a high-
level of evidence.

EU-TIRADS, as all other TIRADSs, was conceived to
distinguish at US benign nodules that can be managed
conservatively from those with suspicious or malignant
features requiring further —management, usually
represented by FNA (11). We have previously reported
that all the five most commonly used TIRADS have an
appropriate performance in the selecting malignant
thyroid nodules for FNA, with some differences (12).
The correlation between US presentation and cytological
diagnosis is reported in the literature (26) and all the
main systems for thyroid cytology reporting have been
found to appropriately stratify the risk of malignancy (27,
28, 29, 30, 31). Then, we raised the question whether a
high-risk US presentation could be deemed sufficient
to submit the patient to surgery, without the need for
a FNA confirmation. Particularly, what if all patients
with nodules classified as EU-TIRADS class 5 would be
submitted to surgery? Also, what if only those patients
with nodules classified as EU-TIRADS class 5 would be
submitted to surgery? (32). Accordingly, a diagnostic
performance meta-analysis to evaluate the ability of
EU-TIRADS class 5 vs the classes 2, 3 and 4 considered
as a whole was performed. Sensitivity was 83.5%,

specificity was 84.3%, PPV was 76.1%, NPV was 85.4%,
LR+ was 4.9, LR— was 0.2, and DOR was 24.5. Of note, the
performance of EU-TIRADS class 5 was further improved
when two studies were excluded. These data provided
with moderate evidence that EU-TIRADS class 5 is able
to select malignant nodules. All analyses were performed
on a nodule basis, then these findings can be applied to
a hypothetical population of subjects having a single
thyroid nodule. If all patients with an EU-TIRADS class 5
nodule were submitted to surgery, about 76% of patients
in the overall analysis and 83% in the sensitivity analysis
would have been found to have a malignant nodule. On
the other hand, if only those patients with an EU-TIRADS
class 5 nodule were submitted to surgery, about 17% of
patients with malignancy in the overall analysis and 18%
in the sensitivity analysis would have been missed, but
the number of patients submitted to surgery would have
been reduced by 55% in the overall analysis and 62%
in the sensitivity analysis. Although significant, these
results should only be interpreted as promising. Indeed,
patients included in this meta-analysis were submitted to
surgery because of cancer risk or compressive symptoms;
in the latter patients, surgery would be still indicated,
irrespective from EU-TIRADS class. Also, multinodular
disease is a common finding. Therefore, the number of
spared surgeries of our estimate is possibly overestimated
and any inference possibly biased. However, future TIRADS
should take this data into account. On the other hand, it is
currently debated whether all malignant nodules should
undergo surgery: small, low-risk malignancies may also be
managed conservatively (33) and it is also to be taken into
account along with malignancy itself.

Table 3 Summary estimates of the diagnostic performance of EU-TIRADS class 5 vs the classes 2, 3, and 4 considered as a whole
in selecting malignant nodules: results of the overall analysis based on the seven included studies.

Sensitivity (95% Cl) Specificity (95% Cl) PPV (95% Cl)

NPV (95% Cl)

LR+ (95% Cl) LR— (95% CI) DOR (95% CI)

83.5(74.5-89.8) 84.3 (66.2-93.7) 76.1(63.7-88.5)

85.4(79.1-91.8)

4.9 (2.9-8.2) 0.2(0.1-0.3)  24.5(11.7-51.0)

DOR, diagnostic odds ratio; LR+, likelihood ratio for positive results; LR—, likelihood ratio for negative results; NPV, negative predictive value; PPV, positive

predictive value.

EU-TIRADS 5 was considered as “test positive” while EU-TIRADS 2,3,4 was considered as “test negative”
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The following two aspects reduced the consistency
of our findings. First, the prevalence of malignancy in
EU-TIRADS class 5 in the study conducted by Dobruch-
Sobczak et al. differed significantly from the others, as
stated (20). Second, a high heterogeneity for all summary
operating points mentioned previously was estimated (20).
Concerning the former aspect, according to EU-TIRADS,
a nodule should be classified as class 5 if at least one
feature among non-oval/round shape, irregular margins,
microcalcifications or markedly hypoechogenicity (and
solid) is found (11). In a multicenter study, there was no
difference in the prevalence of malignancy in this class,
when data from the three institutions was compared (23).
Also, Skowroriska et al. performed a study in the same
country of Dobruch-Sobczak et al. and found a prevalence
of malignancy in EU-TIRADS class 5 close to the one
estimated in the other studies (19). Therefore, the lower
prevalence of malignancy reported by Dobruch-Sobczak
et al. could be possibly due to US being an operator-
dependent imaging modality, rather than characteristics
of included patients (20). The same may hold true for
the lack of homogeneity for those parameters known to
be independent from the prevalence of the disease in
the population tested (i.e. LR+, LR—, DOR), as previously
reported (12). From another perspective, while the results
of the sensitivity analysis can be considered representative
of the performance of EU-TIRADS under ideal conditions,
findings from the overall analysis may possibly be closer to
the real-life data. Anyway, both performances were in line
with the predicted risk of malignancy in each EU-TIRADS
class estimated by the ETA experts and they were close to
one another.

This review has several limitations. The first limitation
relates to the design of studies. The majority of studies
here included performed a retrospective review and
re-classification of nodules which had been submitted to
FNA, with possible selection bias. A second aspect leading
to a selection bias was represented by the inclusion of
patients who had undergone surgery only. It is worth
underlining that this was planned to exclude any bias
related to the reference standard. Also, it resulted in the
inclusion of nodules other than the one on which surgery
indication was based. The third limitation was the inter-
exam agreement between real-time and retrospective US
image interpretation for thyroid nodules. If the appropriate
images were not captured during ultrasound examination,
this would lead to an unreliable re-assessment of nodules
included in retrospective cohort studies (20, 22, 23, 24,
25, 34). Finally, the number of PTC, FTC, MTC and other
malignancies in each EU-TIRADS class was generally

not reported, the only exception being represented by
Skowroriska et al. (19). Therefore, the performance of
EU-TIRADS in classifying and detecting each histotype
remains to be assessed.

The advantages of adopting TIRADSs in improving
the selection of thyroid nodules is recognized and several
options were reported in the literature. However, the
implications for clinical practice of available studies
evaluating the performance of these TIRADS were often
limited by the inclusion of nodules with a cytological
diagnosis only. EU-TIRADS is a pattern-based practical
tool, allowing a rapid assessment in patients with uni- and
multinodular goiter. In the present study, only histologically
proven nodules were included and EU-TIRADS was found
to be effective in stratifying their risk of malignancy. If the
risk of malignancy in EU-TIRADS class 2 is limited, then
no further procedure is needed in these nodules unless
symptomatic. On the other hand, a diagnostic and surgical
workup is indicated in nodules classified as EU-TIRADS class
3 and above. Particularly, moderate evidence was found for
EU-TIRADS class 5 of selecting malignant lesions. Further
prospective studies would be helpful to further support the
performance of the EU-TIRADS.
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