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PURPOSE

In this study, we aimed to assess the effectiveness of malignancy stratification algorithms of the
American College of Radiology (ACR) and European Thyroid Association (ETA) in the delineation
of thyroid nodules using a database of nodules that were unequivocally diagnosed by means of
histopathological examination and meticulously matched with the imaged nodules.

METHODS

A total of 165 patients having 251 thyroid nodules with histopathologically proven definitive
diagnoses during a 5-year period were included in this study. All patients had preoperatively
undergone ultrasonography (US) examination, and US characteristics of the thyroid nodules
were retrospectively analyzed and assigned in compliance with the thyroid imaging reporting
and data system categories recommended by the ACR (ACR-TIRADS) and ETA (EU-TIRADS). The
diagnostic effectiveness in the delineation of thyroid nodules and unnecessary fine-needle aspi-
ration (FNAB) rates were evaluated.

RESULTS

Overall, 189 nodules (75.30%) were diagnosed as benign, while 62 nodules (24.70%) were re-
ported to be malignant based on histopathological assessment. Sensitivity and specificity rates
were 71% and 75% for ACR-TIRADS and 73% and 80% for EU-TIRADS. The area under the curve
values were 0.78 and 0.80 for ACR-TIRADS and EU-TIRADS, respectively. The unnecessary FNAB
rates were 61% for ACR-TIRADS and 64% for EU-TIRADS as per the recommended criteria of each
algorithm.

CONCLUSION

The diagnostic performance of both malignancy stratification systems was signified to be mod-
erate and sufficient in a cohort of nodules with definite histopathological diagnosis. In light of
our results, we demonstrated the strengths and weaknesses of the ACR- and EU-TIRADS for phy-
sicians who should be familiar with them for optimal management of thyroid nodules.

widespread application of ultrasonography (US). The reported incidence varies from

20% to 68% in patients undergoing high-frequency US examination (1, 2). In case of
a newly detected nodule, the primary concern is to discriminate benign ones, which con-
stitute almost 90%, from malignant ones that require additional invasive procedures (3, 4).
Fine-needle aspiration biopsy (FNAB) is the primary diagnostic tool due to its high sensitiv-
ity and specificity in distinguishing malignancy, yet it has several shortcomings, including
inconclusive results and potential overdiagnosis (5).

The particular nodular US features suggestive of malignancy are well known and thus US
is employed for the indication of FNAB (6, 7). Nevertheless, none of those characteristics
individually predicts the malignancy risk sufficiently (8, 9). Hence, various risk-stratification
systems that consider a set of nodular US features have been established to predict the
malignancy risk, mitigate superfluous FNABs, and enhance interobserver concordance.
Among them, the Thyroid Imaging Reporting and Data System of the American College
of Radiology (ACR-TIRADS) was set up in 2017 to classify all detected thyroid nodules ac-
cording to its issued lexicon (10-12). Similarly, the European Thyroid Association TIRADS

T he number of detected thyroid nodules has been increasing in recent years with the
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(EU-TIRADS) was developed to improve the
sensitivity together with high negative pre-
dictive value (NPV) in characterization with
a more straightforward scoring method (12,
13). Several studies have compared the ef-
fectiveness of these two risk-stratification
systems (14-18), yet their performance
in different thyroid nodules with various
histopathologic results and subtypes still
needs to be investigated.

The objectives of our study were to ap-
praise the diagnostic effectiveness of the
ACR- and EU-TIRADS classification systems
in nodular characterization and to analyze
the rates of inappropriate FNABs according
to the proposed criteria based on unequiv-
ocal histopathological results.

Methods

Study population

This retrospective study was approved
by the institutional review board of our in-
stitution (decision number: 18-5/17), and
any requirement of informed consent was
waived.

The list of 2447 patients who had under-
gone 7660 detailed US examinations of the
thyroid gland during a 5-year period was
obtained to compose a study population
with histopathologically evaluated thyroid
nodules. Their names and institutional pa-
tient identity numbers were compared with
the same parameters of 4399 patients who
had undergone thyroidectomy and had a

* Using a one-to-one matching approach in
determining the definite histopathologi-
cal diagnoses of thyroid nodules, our study
demonstrated moderate, similar, and accept-
able rates of diagnostic performance of the
ACR-TIRADS and EU-TIRADS risk classification
systems with AUC values of 0.78 and 0.80, re-
spectively.

¢ The ICC values were calculated as 0.94 (95%
Cl, 0.92-0.95; p < 0.001) for the ACR-TIRADS
and 0.90 (95% Cl, 0.88-0.92; p < 0.001) for the
EU-TIRADS.

¢ QOverall, 16% of the nodules in the ACR-TI-
RADS and 15% of the nodules in the EU-TI-
RADS, designated as benign or assigned to
routine surveillance according to the original
recommendations, were diagnosed as malig-
nant in final histopathological examinations.

* Both risk stratification systems can be useful
in radiological diagnosis and clinical man-
agement of thyroid nodules, keeping in mind
their advantages and drawbacks.

2447 patients with 7660 detailed
US examinations and visual
documentation of the thyroid gland

) J

4399 patients who had undergone
thyroidectomy and received a
histopathological diagnosis of

thyroid nodules

220 patients with
601 US examination and
histopathologically confirmed
diagnosis of the thyroid nodules

55 patients having
more than one nodule

in the same lobe with
similar dimensions and
US features were

165 patients with 251 nodules
analyzed by one-to-one
comparison of US and
histopathological data

excluded

Figure 1.The flowchart of the study population.

histopathological diagnosis for nodule(s)
in the same time interval (Fig. 1). In total,
220 patients (with 601 consecutive US ex-
aminations) were present in both lists, thus
having at least one nodule with histopatho-
logical diagnosis.

The one-to-one matching of nodular
histopathological diagnoses with the cor-
responding nodules was performed metic-
ulously according to the following process.
Originally defined US features and images
of the nodules in the latest preoperative
US examination were compared with the
histopathological characteristics of the thy-
roid nodule(s) in pathology reports, which
had been separately produced for each
thyroideal lobe. The distinctive features of
nodules such as laterality, dimensions, and
calcification were used to assure that an at-
tributed malignant histopathological diag-
nosis belongs to a specific nodule defined
in the preoperative US examination. In case
of a nodule with malignant histopatholog-
ical diagnosis in one lobe having multiple
nodules with similar dimensions and US
features, the nodule and its lobe were ex-
cluded from the study to avoid any doubt
about matching. Besides, any thyroideal
lobe histopathologically reported to harbor
a microcarcinoma was also excluded unless
it had been detected in the preoperative US
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exam. On the contrary, all the nodules in
the thyroid lobes which were histopatho-
logically reported to harbor no malignant
focus were accepted as benign and includ-
ed in the study group if their US features
had been described in detail and their so-
nographic image was available.

Thus, 251 nodules (in 165 patients) were
assured of having a definite histopathologi-
cal diagnosis. Of them, 189 benign nodules
(75.30%) were located in thyroideal lobes
with the diagnosis of follicular nodular
disease, without any demonstrated focus
of malignancy. The remaining 62 nodules
(24.70%) were diagnosed as malignant.
All except one (with medullary carcinoma)
were reported to be papillary thyroid car-
cinoma (PTC). As for the 61 nodules with
PTC, 26 nodules (42.62%) were follicular, 22
(36.07%) were classical type, 10 (16.39%)
were oncocytic, one (1.64%) was solid,
and one (1.64%) was tall cell variant. Histo-
pathologic information regarding the mi-
croscopic variant was not available for one
PTC nodule (1.64%).

Ultrasound examination

Three senior radiologists with more than
20 years of US experience separately per-
formed all examinations using the Acuson
S1000™ or S2000™ US devices (Siemens
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Medical Solutions) equipped with 9L4 (4-9
MHz) in addition to 14L5 (5-14 MHz) or
18L6 (5.5-18 MHz) linear transducers. US
examinations were conducted with the pa-
tient in supine position with the neck gen-
tly extended. The echogenicity of the thy-
roid parenchyma and the presence of any
intraglandular nodules were initially evalu-
ated. Dimensions, echogenicity, border reg-
ularity, internal composition, as well as the
presence of punctate hyperechogenic foci
(colloid crystals, micro-/macrocalcifications
or undefined) and extra-thyroidal extension
of the nodules were assessed according to
accepted definitions and reported in de-
tail (11, 13). At least one descriptive image
of each significant nodule was obtained.
These still images were digitally archived,
along with detailed examination reports.

Assessment of stored images

Each of the 251 nodules was randomly
numbered. The most recent preoperative US
report and image(s) of each nodule were an-
onymized and grouped in a separate digital
folder containing the designated number
as the folder name. Thus, using 251 digital
folders created in this way, three researchers
independently and retrospectively classi-
fied each nodule according to the ACR- and
EU-TIRADS systems. One of the research-
ers was an experienced radiologist with
26 years of US experience. The second one
was a young radiologist who had recently
completed residency, and the last one was a
third-year radiology resident. Subsequently,
all researchers gathered to compare their
judgments and to reach a consensus on the
classification of each discordantly stratified
nodule. The diagnostic performance rates of
the ACR- and EU-TIRADS systems were inves-
tigated based on the histopathological diag-
noses of nodules. Finally, nodules requiring
FNAB according to the proposed criteria of
each system were also identified to deter-
mine the number of unnecessary biopsies,
which in turn would yield benign biopsy re-
sults given the histopathological outcomes.
Furthermore, we performed an additional
trial of comparison in this manner. To en-
hance the comparability of both systems in
terms of nodular length, the cutoff values
of mildly, moderately, and highly suspicious
categories of both TIRADS systems for FNAB
were equalized. For this purpose, we reana-
lyzed the ratio of unnecessary biopsy for the
EU-TIRADS system when the size thresholds
of EU-TIRADS were hypothetically changed

to the values equaling the size criteria of the
ACR-TIRADS system (i.e., FNAB, if the nodular
length is =2.5 cm for EU-TIRADS 3, >1.5 cm
for EU-TIRADS 4, and >1.0 cm for EU-TIRADS
5 lesions).

Statistical analysis

As for the test of normality, Kolmogorov-
Smirnov analysis was performed. Through-
out the manuscript, all variables without
normal distribution are reported as median
(Q1-Q3, 25*"-75™ percentile values). On the
other hand, all normally distributed vari-
ables are depicted as mean values (tstan-
dard deviation, SD). The categorical vari-
ables are reported as number (percentage).
After appropriate descriptive analyses, the
independent samples t-test or Mann-Whit-
ney U test was performed to compare the
groups depending on whether the data
had normal distribution or not, respective-
ly. The Spearman’s rank correlation coef-
ficient was calculated to detect whether
any possible relationship exists between
the US and histopathological features of
malignant nodules regarding the maximal
diameters. In accordance with statistical re-
quirements, Fisher Freeman Halton, Fisher
exact, or Pearson chi-square test was used
to evaluate any association of malignant
nature of nodules with gender of the pa-
tients and the US characteristics of nodules.
Stepwise backward logistic regression anal-
ysis was performed to calculate odds ratios
and to determine the significance of the
relationship between different sonographic
features and malignant histopathologic re-
sults of the studied nodules. Interobserver
agreement among three researchers was
evaluated, calculating the intraclass correla-
tion coefficient (ICC) for each malignancy
stratification system. The diagnostic power
of both classification systems in detecting
malignant nodules was explored based on
their sensitivity, specificity, positive pre-
dictive value (PPV), NPV, and positive and
negative likelihood ratios. The receiver op-
erator characteristic (ROC) curve analyses
were performed, and the areas under the
curves (AUCs) were calculated to compare
the diagnostic accuracy of both algorithms.
The head-to-head comparison of the AUCs
was achieved using the same method as
Delong et al. (19). All statistical analyses
were performed using IBM-SPSS 25.0 for
Windows software package (IBM Corp.). Ap
value was considered to be statistically sig-
nificant when <0.05.

Results

The study was based on 251 histopatho-
logically confirmed thyroid nodules, de-
tected in 165 patients with a mean age of
49.64+13.50 years (95% Cl, 47.56-51.71
years; range, 17-78 years) at the time of
their most recent preoperative US scan.The
detailed demographic features of the study
population, along with the US characteris-
tics of nodules, are presented in Table 1. Of
the patients, 34 (20.60%) were male (mean
age, 53.29+13.49 years; range, 19-76 years)
with 46 nodules (18.33%) and 131 (79.40%)
were female (mean age, 48.69+13.39 years;
range, 17-78 years) with 205 nodules
(81.67%). The numbers of male and female
patients with at least one malignant nodule
were calculated as 12 (35.29% of males) and
47 (35.88% of females), respectively. Mean
age (p = 0.076) and rate of malignant nod-
ules (p = 0.950) were not significantly differ-
ent among male and female patients. How-
ever, patients with at least one malignant
nodule were considerably younger than
those without (p =0.021) (Table 1).

The distribution of nodules in the study
according to their longest diameters was
as follows: <5 mm (1 benign, 1 malignant),
5-10 mm (49 benign, 16 malignant), 11-15
mm (43 benign, 15 malignant), 16-20 mm
(30 benign, 4 malignant), and >20 mm (66
benign, 26 malignant). The longest so-
nographic diameters of the benign nod-
ules were between 4.00 and 57.00 mm
with a median value of 16.00 mm (Q1-Q3,
10.00-27.50 mm), while the malignant
nodules had the longest diameters rang-
ing from 3.00 to 85.00 mm with a median
length of 15.00 mm (10.00-29.25 mm). No
remarkable difference was found between
the longest sonographic diameters of the
nodules with malignant or benign histopa-
thology (Table 1). Meanwhile, the longest
histopathologic diameters of 62 malignant
nodules obtained from the pathology re-
ports varied between 3.00 and 45.00 mm
(median, 14.00 mm; Q1-Q3, 8.00-25.25
mm), which were not statistically different
from sonographically obtained diameters
and strongly correlated with them (r=0.92,
p <0.001).

Hypoechogenicity (either mildly or mark-
edly), irregular borders, “taller-than-wide”
shape, and internal microcalcifications were
significantly more frequent in malignant
nodules, while no similar association was
observed with the presence of the remain-
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Table 1. Demographic and ultrasound features of the study population and nodules

Histopathological result

Parameter Benign Malignant Total p
Number of patients 106 (64) 59 (36) 165
Gender® 0.950
Male 22 (21) 12 (20) 34
Female 84 (79) 47 (80) 131
Patient age (years), mean+SD 51.43+£12.53 46.41£14.64 0.021
Number of nodules 189 (75) 62 (25) 251
Nodule size (mm), median (Q1-Q3) 16.0 (10.0-27.5) 15.0 (10.0-29.25) 0.700
Composition, n (%)° 0.145
Cystic or almost completely cystic 2(1.1) 0(0) 2
Spongiform 1(0.5) 0 (0) 1
Mixed cystic and solid 36 (19) 5(8) 41
Solid or almost completely solid 150 (79.4) 57 (92) 207
Echogenicity, n (%)° <0.001*
Anechoic 2(1) 0(0) 2
Hyper or isoechoic 156 (83) 22 (35) 178
Hypoechoic 31(16) 37 (60) 68
Very hypoechoic 0(0) 3(5) 3
Shape, n (%)¢ <0.001
Wider-than-tall 187 (99) 45 (73) 232
Taller-than-wide 2(1) 17 (27) 19
Margins, n (%)¢ <0.001
Smooth or ill-defined 187 (99) 33 (53) 220
Lobulated or irregular 2(1) 29 (47) 31
Calcifications, n (%)
Comet-tail artifacts® 37 (20) 6(10) 43 0.073
Macrocalcification® 11 (6) 8(13) 19 0.093
Microcalcification© 3(1.6) 11(18) 14 <0.001

Data are presented as n (%) unless otherwise indicated.

SD, standard deviation; Q1-Q3, 25th-75th percentiles.

2Pearson chi-square test; °Fisher Freeman Halton; Fisher exact test.
*For the sake of statistical robustness, two anechoic (cystic) nodules were excluded from this chi-squared test,
while three markedly hypoechoic nodules were included in the hypoechoic group and analyzed together in a

single group.

ing US features on a nodule-based analysis,
nor with the gender of patients (Fig. 2; Table
1). However, further analysis with stepwise
backward logistic regression demonstrat-
ed that only hypoechogenicity and bor-
der irregularity of the nodules were inde-
pendently associated with a significantly
increased risk of malignancy (Supplemental
Table 1).

A perfect interobserver agreement was
noted among three researchers in classi-
fying 251 nodules according to the ACR-
and EU-TIRADS. The ICC values for both
classification systems were calculated to

be 0.94 (95% Cl, 0.92-0.95; p < 0.001) and
0.90 (95% Cl, 0.88-0.92; p < 0.001), respec-
tively. The determined classes of both sys-
tems by three researchers were the same in
207 nodules (82.47%). At least one review-
er was discordant in 35 nodules (13.94%)
among the ACR-TIRADS classes, 29 nodules
(11.55%) among the EU-TIRADS classes, and
20 nodules (7.97%) among classes of both
systems (Fig. 3). In this context, 44 nodules
(17.53%) with discordant classes were reas-
sessed to establish the consensus category.
The most frequent causes of discordance
are highlighted in Table 2. The distribution
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Figure 2. Transverse thyroideal US scan

of a 50-year-old woman demonstrates a
markedly hypoechoic solid nodule with border
irregularity. The nodule with the histopathologic
diagnosis of papillary carcinoma (classical type)
was blindly and unanimously graded as “highly
suspicious” (TIRADS 5) with ACR- and EU-TIRADS.

right thyroideal lobe in a 40-year-old male.

The cursors mark a 35 mm long solid and
predominantly isoechoic nodule with relatively
small hypoechoic areas. This nodule was one
of those on which the grading of three raters
was discordant regarding echogenicity and
eventually graded as a “mildly suspicious” nodule
(TIRADS 3) according to both systems in the
consensus meeting. The final histopathologic
diagnosis for the lobe was follicular nodular
disease without any sign of a malignant lesion.

of the final scores, according to the consen-
sus meeting, is yielded in Table 3.

In the present study, only TIRADS 5 cate-
gories of both systems were shown to have
calculated malignancy ratios compatible
with the originally proposed risk rates (11,
13). The escalation of malignancy rates
was observed as the TIRADS categories in-
creased in both systems, and their perfor-
mance rates were not significantly different.
Based on final histopathological results,
the diagnostic performance rates of both
systems in two different settings, namely
TIRADS 4-5 and TIRADS 5 categories, are
summarized in Table 4.

In a recent histopathological reevalua-
tion, 5 of 26 nodules (19.23%) with the diag-
nosis of follicular variant PTC were classified
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as “noninvasive follicular thyroid neoplasm
with papillary-like nuclear features” (NIFTP),
which was recommended to be accepted
as an indolent tumor in 2017 (20). The re-

calculated performance rates of the two
systems are demonstrated in Table 5 with
these nodules assumed to have a benign
histopathologic diagnosis.

Table 2. The most frequent and classifiable causes of discordance between reviewers

Cause of controversies ACR-TIRADS  EU-TIRADS Total
Deciding for “border irregularity” in nodules with minimal 2 3 5
undulated contours (especially in large ones)

Defining nodules with few tiny cystic spaces as “solid” or 16 4 20
“mixed”

Interpreting predominantly isoechoic nodules with internal 12 14 26
heterogeneity as “isoechoic” or “hypoechoic” when they

partly have hypoechoic areas

Defining nodules with homogeneous and minimally 2 2 4
hypoechoic internal appearance as “isoechoic” or

“hypoechoic”

Determining punctate hyperechogenic foci as 0 3 3

microcalcification or colloid crystals

Data are shown as numbers.

Table 3. The distribution of nodules’ final scores, according to the consensus meeting

Classification system Malignant (n=62)

Benign (n=189) Total (n=251)

ACR-TIRADS
1 0(0)
2 4(9)
3 14 (13)
4 19(31)
5 25 (86)
EU-TIRADS
1 0(0)
2 0(0)
3 17 (10)
4 13 (30)
5 32(82)

3 (100) 3
42(91) 46
97 (87) 111
43 (69) 62
4(14) 29
0(0) 0
3 (100) 3
148 (90) 165
31 (70) 44
7(18) 39

Data are presented as numbers (percentages).

ACR-TIRADS, thyroid imaging reporting and data system of the American College of Radiology; EU-TIRADS, thy-
roid imaging reporting and data system of the European Thyroid Association.

Table 4. Diagnostic performances of ACR-TIRADS and EU-TIRADS based on different cutoff categories

The ROC analysis revealed AUCs of 0.784
(95% Cl, 0.728-0.833) for the ACR-TIRADS
and 0.803 (95% Cl, 0.748-0.850) for the
EU-TIRADS when NIFTP considered as malig-
nant. However, accepting NIFTP as a benign
pathology yielded AUCs of 0.810 (95% Cl,
0.756-0.857) and 0.830 (95% Cl, 0.777-0.784)
for the ACR- and EU-TIRADS, respectively. On
further analysis, a head-to-head comparison
of these AUCs demonstrated no significant
difference in diagnostic performances of
the risk-stratification methods when NIFTP
was regarded as malignant (p = 0.213; 95%
Cl, -0.011 to 0.049; SE 0.015) or benign
(p=0.171;95% Cl, -0.008 to 0.047; SE 0.014).

Finally, to test performance rates of the
biopsy suggestions of both classification sys-
tems, potentially unnecessary intervention
rates were determined by calculating the ra-
tios of histopathologically confirmed benign
nodules that would have been referred to
FNAB according to the originally proposed
recommended criteria of both systems.
These ratios were 61% for the ACR-TIRADS
and 64% for the EU-TIRADS. On further anal-
ysis, after the size criteria of the ACR-TIRADS
for biopsy were applied in the EU-TIRADS
group, we found that the unnecessary FNAB
ratio of the EU-TIRADS decreased from 64%
to 61%, precisely the same as that of the
ACR-TIRADS. On the other hand, 16% of the
nodules in ACR-TIRADS and 15% of the nod-
ules in EU-TIRADS, designated as benign or
assigned to routine surveillance according
to the original recommendations, were diag-
nosed as malignant in final histopathological
examinations.

Discussion
Contrary toits high accuracy in detection,
US is not equally successful in characteriz-

Malignant (n=62)  Benign (n=189) SEN (%) SPE (%) PPV (%) NPV (%) PLR NLR
ACR-TIRADS 1-3 18 142 71 (58-82) 75(68-81)  48(38-59) 89(83-93) 2.9(2.1-3.8) 0.4(0.3-0.6)
ACR-TIRADS 4-5 44 47
EU-TIRADS 1-3 17 151 73 (60-83) 80(73-85)  54(43-65) 90(84-94) 3.6(2.6-4.9) 0.3(0.2-0.5)
EU-TIRADS 4-5 45 38
ACR-TIRADS 1-4 37 185 40 (28-54) 98 (95-99) 86 (68-96) 83 (78-88) 19 (7-53) 0.6 (0.5-0.8)
ACR-TIRADS 5 25 4
EU-TIRADS 1-4 30 182 52 (39-65) 96 (93-99) 82 (66-92) 86 (80-90) 14 (6-30) 0.5 (0.4-0.7)
EU-TIRADS 5 32 7

Data are presented as numbers or percentages. The numbers in parentheses are 95% confidence intervals.
ACR-TIRADS, thyroid imaging reporting and data system of the American College of Radiology; EU-TIRADS, thyroid imaging reporting and data system of the European Thy-
roid Association; SEN, sensitivity; SPE, specificity; PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio.
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Table 5. Diagnostic performances of ACR-TIRADS and EU-TIRADS based on different cutoff categories when NIFTP is accepted as a benign pathology

Malignant (n=57)  Benign (n=194) SEN (%) SPE (%) PPV (%) NPV (%) PLR NLR
ACR-TIRADS 1-3 13 147 77 (64-87)  76(69-82)  48(38-59) 92(87-96) 3.2(24-4.2) 0.3(0.2-0.5)
ACR-TIRADS 4-5 44 47
EU-TIRADS 1-3 13 155 77 (64-87)  80(74-85) 53 (42-64) 92(87-96) 3.8(2.8-5.3) 0.3(0.2-0.5)
EU-TIRADS 4-5 44 39
ACR-TIRADS 1-4 32 190 44 (31-58) 98 (95-99) 86 (68-96) 86 (80-90) 21 (8-59) 0.6 (0.5-0.7)
ACR-TIRADS 5 25 4
EU-TIRADS 1-4 25 187 56 (42-69) 96 (93-99) 82 (66-92) 88(83-92) 16 (7-33) 0.5 (0.3-0.6)
EU-TIRADS 5 32 7

Data are presented as numbers or percentages. The numbers in parentheses are 95% confidence intervals.
ACR-TIRADS, thyroid imaging reporting and data system of the American College of Radiology; EU-TIRADS, thyroid imaging reporting and data system of the European

Thyroid Association; NIFTP, noninvasive follicular thyroid neoplasm with papillary-like nuclear features; SEN, sensitivity; SPE, specificity; PPV, positive predictive value; NPV,
negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio.

ing thyroid nodules (21). Thus, several study
groups, including the ACR and ETA, con-
structed algorithms to ameliorate the diag-
nostic performance using a combination of
US features. The experience and validation
related to them in daily practice are still
growing. Unlike many of the previous work
validating the ACR- and EU-TIRADS systems
based mainly on cytopathologic results (14,
15, 18, 22-25), our study was conducted
solely using unequivocal histopathological
diagnoses with microscopic variant anal-
ysis of PTC, thereby highlighting the im-
pact of follicular variant PTC and NIFTP on
the effectiveness of these risk-stratification
systems. Given the limitations of FNAB, we
believe that this approach provides a differ-
ent and more solid basis for scientific dis-
cussion (5, 26-29).

The current study could only entail the
most recently developed malignancy strat-
ification systems (i.e., ACR- and EU-TIRADS)
considering the significant number of dis-
parate US-based risk-stratification algo-
rithms. Moreover, the EU-TIRADS system
was selected for its relative ease of use,
whereas the ACR-TIRADS was preferred
for its unique approach based on total
point-scoring. These choices also enabled
us to compare the diagnostic effectiveness
of two discrete US-based approaches. The
ACR-TIRADS weighs the US characteristics
according to their malignancy risks by scor-
ing them from 0 to 3, while the EU-TIRADS
uses a more straightforward approach by
denoting some US features a high risk of
malignancy, i.e, pattern-based approach.
Apart from this significant difference, these
two algorithms have some variations in
their terminology and definitions. For in-
stance, the presence of macrocalcification

and rim calcification is not considered in
the EU-TIRADS, while they have certain ad-
ditive points for malignancy risk of a nodule
in the ACR-TIRADS. The ACR-TIRADS accepts
comet-tail artifact as a feature suggesting
benignity only if it has a posterior tail lon-
ger than T mm, unlike the EU-TIRADS sys-
tem, which assumes echogenic foci in a
nodular cystic component with all sizes of
comet-tail artifacts as benign colloid crys-
tals. In contrast to the EU-TIRADS, mixed
nodular composition yields a lower score in
the ACR-TIRADS, which may lead to under-
estimating the TIRADS score of a malignant
nodule with a cystic component. These is-
sues partly accounted for the interrater dis-
cordance in grading nodules in the present-
ed study (Table 2). Finally, the nodular size
thresholds for FNAB recommendation dif-
fer, most remarkably for “mildly suspicious”
(low-risk) nodules in both systems as 2.0 vs.
2.5 cm for the EU-TIRADS and ACR-TIRADS,
respectively.

In the current study, the majority of pa-
tients that had undergone thyroidecto-
my were female. In line with the report by
Shen et al. (16), no significant difference
was found in our study between males and
females in terms of nodules’ malignancy ra-
tio, while patients with malignant nodules
were significantly younger. Similar to the
results of Frates et al. (30), no remarkable
difference was demonstrated between the
long diameters of malignant and benign
nodules. Although irregular borders, “taller-
than-wide” shape, and microcalcifications
were significantly more prevalent in malig-
nant nodules in accordance with previous
academic work, stepwise backward logis-
tic regression analysis demonstrated that
irregular margins and hypoechogenicity
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were the only independent predictors of
malignancy in our series (21).

For both risk-stratification systems com-
pared in our study, interobserver reliability
analysis indicated excellent consistency
among the three reviewers having different
experience levels. Conversely, for nodule
classification, Grani et al. (14) found a better
interobserver agreement with the EU-TI-
RADS than with the ACR-TIRADS, according
to the ratings of two appraisers with the
same background who evaluated the data
sets before and after specific training. In
light of our results displaying the reasons
for discordance between observers, we in-
fer that more precise definitions, particular-
ly in determining irregular borders, charac-
terizing nodules with few tiny cystic spaces,
and assessment of nodules having hetero-
geneous echotexture would reinforce the
interreader agreement in both systems.

The calculated malignancy risks of the
ACR-TIRADS 1 and EU-TIRADS 2 categories
were found to be 0%, which aligned with
the study by Brito et al. (21), indicating
cystic or spongiform nodules as benign. In
the remaining categories except TIRADS
5, we calculated higher malignancy ratios
than those determined for both models
(11, 13). We assume that the enrollment of
only histopathologically confirmed nod-
ules with one-to-one matching might have
led to this discrepancy, given the potential
problems of matching nodular US findings
with their histopathological results in mul-
tinodular thyroid lobes, and particularly the
well-known risk of false-negative diagnosis
in FNAB (27, 28).

The diagnostic performances of these
two classification systems were similar ac-
cording to our analyses accepting TIRADS
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4 and 5 categories as malignant. Moreover,
assuming only the TIRADS 5 category as ma-
lignant yielded further increment in spec-
ificity, PPV, and positive likelihood ratio of
both algorithms while lowering sensitivity
and NPV. In our opinion, the relatively high
number (42.62%) of follicular variant PTC,
most of which were depicted as an isoecho-
ic solid nodule with smooth margins and
thus were categorized as ACR- and EU-TI-
RADS 3, gave rise to lower sensitivity and
NPV in our cohort. On the other hand, the
classification of NIFTP as a benign patholo-
gy improved sensitivity, NPV, and positive
likelihood ratio slightly regardless of the
cutoff categories, while not changing speci-
ficity and PPV notably. None of the nodules
reclassified as NIFTP had highly suspicious
US features. Three of them were assigned
to TIRADS 3 category according to both
risk-stratification methods. Only one with a
mild hypoechoic solid component was des-
ignated as EU-TIRADS 4, whereas owing to
its mixed cystic and solid composition, its
ACR-TIRADS category was 3. Similar to our
results, Chaigneau et al. (31) depicted that
accepting NIFTP as a benign pathology in-
creased the NPV of the French TIRADS mod-
el for the categories of TIRADS 3 and 4A.

For both classification systems, unnec-
essary FNAB and malignancy rates among
nodules assigned to routine surveillance
were quite similar in our study. Given that
the definition of unnecessary FNAB rate
differs in various studies, some of which
defined it as the number of benign nodules
in the total enrolled nodules or nodules
measuring more than 1 cm (18, 32, 33), it
is difficult to compare our results with the
previous studies. However, we believe that
it is more appropriate to describe this rate
as the number of benign nodules in the
FNAB-recommended nodules, as some au-
thors did (34, 35). In our study, we found
lower unnecessary FNAB rates than the
study by Huh et al. (35), who reported this
value as 63.8% and 73.9% for the ACR- and
EU-TIRADS, respectively. This discrepancy
between outcomes could be ascribed to
the difference of the gold standard method
between studies, as Huh et al. (35) deter-
mined benignity via FNAB in most nodules.
On the other hand, aligned with the study
of Huh et al. (35), indicating the reduction
of the unnecessary FNAB ratios of the EU-TI-
RADS from 73.6% to 70.6% after applying
the size threshold of the ACR-TIRADS, we
also detected a noteworthy decline in the

unnecessary FNAB ratios of the EU-TIRADS
using the same hypothetical scenario. In
contradiction to our results, Grani et al.
(15) reported better outcomes with the
ACR-TIRADS recommendations than those
of EU-TIRADS in determining deferrable
FNABs with the calculated malignancy rates
of 2.2% and 3.2%, respectively. Conversely,
Xu et al. (18) detected much higher malig-
nancy ratios in nodules, of which FNAB was
deferrable according to the ACR- and EU-TI-
RADS criteria: 33.1% and 37.7%, respective-
ly. These discrepancies probably stemmed
from differences in the prevalence of malig-
nant nodules among the studies, which was
reported to be 7.2% by Grani et al. (15) and
40% by Xu et al. (18). Supporting this argu-
ment, malignancy rates of deferrable biop-
sies were 16% for ACR-TIRADS and 15% for
EU-TIRADS recommendations in our series,
with a malignancy rate of 24.7%. Besides,
these two papers were based on cytopa-
thology results and dimensional stability in
the follow-up studies to determine whether
a nodule is benign or not. However, these
two criteria are not always reliable to ex-
clude malignancy, so we believe that this
approach might be prone to type Il error
(26-29, 36-38).

Our study has several limitations. First,
the retrospective study design led to the
interpretation of static images instead of
real-time ones, which may have impeded
the TIRADS classification of nodules. How-
ever, meticulous optimization of imaging
settings, in addition to the detailed evalua-
tion and description of nodular US features
available in examination reports, should
have minimized this shortcoming. Second,
due to the one-to-one matching process
of the nodules with histopathological di-
agnoses performed in the study, we could
enroll a relatively small number of nodules,
and the ratio of malignant nodules (24.7%)
was relatively high compared to that in the
general population. However, our malig-
nancy ratio was similar to other histopa-
thology-based studies, such as the ones
by Borlea et al. (17) and Trimboli et al. (39).
Furthermore, we believe that unequivocal
histopathological confirmation enabled us
to assess the real diagnostic performances,
considering the possibility of false-negative
results in cytopathologic analysis and histo-
pathological matching problems in multi-
nodular thyroid lobes. Third, given the fact
that almost all of the malignant nodules in
our study were PTC, we could not evaluate

the effectiveness of classification systems
in other pathological types of thyroid can-
cer. Nevertheless, analyzing microscopic
variants of PTC allowed us to demonstrate
their effect on diagnostic performances,
strengthening the scientific value of our
study. In this context, further prospective
studies exploring the diagnostic accuracy
of malignancy-stratification methods in dif-
ferent forms of thyroid cancer appear to be
needed.

In conclusion, both ACR- and EU-TIRADS
showed acceptable and similar performanc-
es in predicting thyroid nodule malignancy
risks with perfect interobserver reliability
regardless of their experience levels. Howev-
er, considering the relatively high unneces-
sary FNAB rates in our study, refinement of
biopsy criteria seems to be needed for both
algorithms. Therefore, radiologists and cli-
nicians should be aware of the advantages
and drawbacks of these two classification
systems while incorporating them into the
management of thyroid nodules.
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Table S1. Relationship between different US features and malignant histopathologic results based on stepwise backward logistic regression analysis

Stepwise backward LR

Sonographic features Malignancy rate (%) OR (95% Cl) p
Long diameter N/A 1.05 (1.02-1.07) 0.001
Composition*

Mixed 5/41 (12)

Solid 57/206 (28)

Echogenicity* 5.54 (2.44-12.56) <0.001
Isoechoic 22/176 (13)

Hypoechoic 40/71 (56)

Shape

Wider-than-tall 45/228 (20)

Taller-than-wide 17/19 (90)

Borders 64.68 (13.25-315.68) <0.001
Regular 33/216 (15)

Irregular 29/31 (94)

Punctuate echogenic foci

Absent 43/189 (23)

Present 19/58 (33)

Macrocalcification

Absent 54/228 (24)

Present 8/19 (42)

Microcalcification

Absent 51/233 (22)

Present 11/14(79)

Colloid crystal 2.63(0.82-8.42) 0.10
Absent 56/206 (27)

Present 6/41 (15)

US, ultrasonography; LR, logistic regression; OR, odds ratio; 95% Cl, confidence interval; N/A, non-applicable.

Model p value <0.001 (Omnibus test). Cox & Snell R* = 0.351; Nagelkerke R* = 0.519.

*Due to their extensively limited numbers, two cystic, one spongiform, and one hyperechoic solid nodules were excluded from the logistic regression analyses, while all
hypoechoic nodules, including mild and marked hypoechoic ones, were analyzed together in a single group.
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