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ABSTRACT

Background. Ultrasound plays a critical role in evaluating
thyroid nodules. We compared the performance of the two
most popular ultrasound malignancy risk stratification sys-
tems, the 2015 American Thyroid Association (ATA) guide-
lines and the American College of Radiology Thyroid Imaging
and Reporting Data System (ACR TI-RADS).
Materials and Methods. We retrospectively identified 250 thy-
roid nodules thatwere surgically removed from137 patients. Their
ultrasound images were independently rated using both ATA and
ACR TI-RADS by six raters with expertise in ultrasound interpreta-
tion. For each system, we generated a receiver operating charac-
teristic curve and calculated the area under the curve (AUC).
Results. Sixty-five (26%) nodules were malignant. There was
“fair agreement” among raters for both ATA and ACR TI-RADS.
Our observed malignancy risks for ATA and ACR TI-RADS

categories were similar to expected risk thresholds with a few
notable exceptions including the intermediate ATA risk category
and the three highest risk categories for ACR TI-RADS. Biopsy of
226 of the 250 nodules would be indicated by ATA guidelines
based on nodule size and mean ATA rating. One hundred forty-
six nodules would be biopsied based on ACR TI-RADS. The sen-
sitivity, specificity, and negative and positive predictive values
were 92%, 10%, 79%, and 27%, respectively, for ATA and 74%,
47%, 84%, and 33%, respectively, for ACR TI-RADS. The AUC for
ATA was 0.734 and for ACR TI-RADS was 0.718.
Conclusion. Although both systems demonstrated good diag-
nostic performance, ATA guidelines resulted in a greater
number of thyroid biopsies and exhibited more consistent
malignancy risk prediction for higher risk categories. The
Oncologist 2020;25:398–403

Implications for Practice: With the rising incidence of thyroid nodules, the need for accurate detection of malignancy is impor-
tant to avoid the overtreatment of benign nodules. Ultrasonography is one of the key tools for the evaluation of thyroid nodules,
although the use of many different ultrasound risk stratification systems is a hindrance to clinical collaboration in everyday prac-
tice and the comparison of data in research. The first step toward the development of a universal thyroid nodule ultrasound
malignancy risk stratification system is to better understand the strengths and weaknesses of the current systems in use.

INTRODUCTION

Thyroid nodules are a common finding, with a prevalence
of 30%–67% in the general population according to ultra-
sound screening and autopsy studies [1, 2]. The incidence

of thyroid nodules and thyroid cancers has grown substan-
tially over the past 2 decades, in part due to the detection
of small asymptomatic thyroid nodules as a result of
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advancements in medical surveillance and increased use of
imaging (ultrasonography, computed tomography, magnetic
resonance imaging) [3]. However, the majority of nodules are
benign, with only an estimated 7%–15% exhibiting malignancy
[4]. In order to avoid overtreatment of thyroid nodules, it is
important to be able to accurately distinguish benign from
malignant nodules prior to proceeding with surgical excision.
One of the most important diagnostic tools we have toward
that end is ultrasonography.

Thyroid ultrasonography is cost-effective and, in conjunc-
tion with demographic and clinical factors, helps determine
which nodules warrant further investigation with fine needle
aspiration biopsy or additional surveillance. Although no sin-
gle ultrasound feature has been identified to accurately diag-
nose malignancy in thyroid nodules [5], a combination of
suspicious features has proved to be helpful [6, 7]. Over the
past few years, multiple different risk stratification systems
based on the combination of ultrasound characteristics of
thyroid nodules have been developed worldwide [6, 8–11].
In general, the different systems focus on the same ultra-
sound characteristics that have been associated with
malignancy including echogenicity, shape, margins, and
presence of calcifications. However, they each have a dif-
ferent approach to assigning malignancy risk according to
these characteristics. In the U.S., the two most commonly
used systems are the 2015 American Thyroid Association
(ATA) management guidelines [4] and the 2017 American
College of Radiology Thyroid Imaging Reporting and Data
System (ACR TI-RADS) [12]. The ATA guidelines are a qualita-
tive system that stratifies nodules into five different risk
categories, each defined by a constellation of sonographic
findings. On the other hand, the ACR TI-RADS also has five
different risk categories but assigns points to specific sono-
graphic findings within broader categories of ultrasound
characteristics and determines risk stratification quantita-
tively based on the summation of those points. Both systems
have been independently validated for use in predicting
malignancy [13, 14], although few studies have directly com-
pared the performance of the two systems. Our goal for this
study was to perform a head-to-head, multidisciplinary com-
parison of the ATA and ACR TI-RADS systems based on inter-
observer agreement, accuracy of malignancy risk prediction,
and overall diagnostic performance in predicting malignancy.

MATERIALS AND METHODS

Patients
After obtaining institutional review board approval
(AAAD4780), we retrospectively identified patients with thy-
roid nodules who underwent thyroid lobectomy or total
thyroidectomy at Columbia University Irving Medical Cen-
ter from 2017 to 2018. Only patients with full ultrasound
images of their dominant nodules with clear correlating sur-
gical pathology findings were included. A total of 250 thyroid
nodules from 137 patients were analyzed.

Ultrasound Image Interpretation
Ultrasound images were obtained in the radiology department
by ultrasound technicians or in clinic by an endocrine surgeon.

A 5- to 12-MHz linear probe was used on three different
machines (GE Logiq E9 [GE Healthcare, Milwaukee, WI], ProS-
ound Alpha 6 [Hitachi Aloka Medical, Tokyo, Japan], Terason
uSmart 3200T [Terason Ultrasound, Burlington, MA]), all Food
and Drug Administration approved for use in neck ultrasonog-
raphy. Representative preoperative sonographic JPEG images
(transverse and longitudinal views) for all nodules were col-
lated into a blinded online survey by an investigator not
involved in image interpretation. Images were independently
reviewed by a group of multidisciplinary raters including three
board-certified fellowship-trained radiologists (with 3 [J.M.],
11 [S.B.H.], and 16 [E.H.] years of experience), two endocrinol-
ogists (with 17 [S.E.] and 20 [R.M.] years of experience), and
one endocrine surgeon (with 6 years of experience [J.K.]), all
experts in interpreting neck ultrasonography. Both endocrinol-
ogists and the endocrine surgeon in this study individually per-
form more than 1,000 diagnostic ultrasound evaluations
yearly, and S.E. and J.K. have obtained Endocrine Certification
in Neck Ultrasound by the American Association of Clinical
Endocrinologists. Raters individually assigned malignancy risk
categories for the nodules in accordance with the ATA and/or
the ACR TI-RADS systems. According to rater preference, five
of the raters evaluated nodules using both rating systems and
one rater (R.M.) evaluated nodules using the ATA system only.

Statistical Analysis
Descriptive statistics of demographic information and surgi-
cal pathology results were performed. Continuous variables
were expressed as median and interquartile range. Inter-
observer agreement was assessed using Fleiss’ kappa coeffi-
cient [15] and stratified by rater specialty (clinical vs.
radiology) and average ATA or ACR TI-RADS rating. Observed
and expected malignancy risks for each risk category in the

Table 1. Patient demographics and thyroid nodule
characteristics

Demographics and nodule characteristics n (%)

Age, median (IQR), years 58 (46–69)

Sex

Female 212 (85)

Male 48 (15)

Ethnicity

White 117 (47)

Hispanic 47 (19)

Black 39 (16)

Asian 8 (3)

Unknown 39 (16)

Nodule size, median (IQR), cm 2.2 (1.6–3.3)

NIFTP 6 (2)

Malignant 65 (26)

Papillary 56 (86)

Follicular 7 (11)

Hurthle 3 (43)

Medullary 2 (3)

Abbreviations: IQR, interquartile range; NIFTP, noninvasive follicular
thyroid neoplasm with papillary-like nuclear features.
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stratification systems were compared using chi-square test with
Bonferroni correction for multiple comparisons. The upper limit
of expected malignancy risks according to guidelines was used
for comparison [4, 16]. Assessment of diagnostic performance
was performed in a stepwise fashion. First, we determined
which nodules would meet biopsy criteria according to each
system based on their average risk category and nodule size
[4, 12]. This was compared with surgical pathology results to
determine the sensitivity, specificity, positive predictive
value, and negative predictive value (NPV) of each system.
Receiver operating characteristic (ROC) curves were gener-
ated and the area under the curve (AUC) was calculated for
each system using linear predictors of the curve. The AUCs for
the two systems were compared using a bootstrap method
for correlated ROC curves [17]. Statistical analysis was

performed using R software 3.4.3 (R Foundation for Statistical
Computing, Vienna, Austria) [18–20].

RESULTS

Patient Demographics
Table 1 summarizes patient demographics and nodule
characteristics. The median age of our cohort was 58 years
(46–69). The majority were women (n = 212 [85%]). The
median nodule size was 2.2 cm (1.6–3.3). Malignant
nodules accounted for 65 (26%) of all nodules. The majority
of malignant nodules were papillary thyroid carcinomas (86%).
A small number of surgical specimens were found to contain
incidental papillary microcarcinomas (<1 cm, n = 9 [4%]) that

Table 2. Interobserver agreement for each risk stratification system by observer specialty and average ATA or ACR TI-RADS
rating

Risk stratification
system

Fleiss’ κa by specialty Fleiss’ κ by average risk strata

All raters Clinicians Radiologists 1 2 3 4 5

ATA 0.281 0.313 0.304 —b 0.104 0.129 0.075 0.069

ACR TI-RADS 0.313 0.274 0.360 −0.067 0.090 0.126 0.065 −0.112
aInterpretation of κ values: <0 = poor agreement, 0.0–0.20 = slight agreement, 0.21–0.40 = fair agreement, 0.41–0.60 = moderate agreement,
0.61–0.80 = substantial agreement, 0.81–1.0 = almost perfect agreement [27].
bLimited sample size. Unable to calculate κ value.
Abbreviations: ACR TI-RADS, American College of Radiology Thyroid Imaging and Reporting Data System; ATA, 2015 American Thyroid Associa-
tion Guidelines.

Table 3. Comparison of observed and expected malignancy risks by risk stratum

Risk stratification
All
nodules

Malignant
nodules

Observed
malignancy, %

Expected
malignancy,a % p value

ATA risk stratification

Benign 1 0 0 <1 .99

Very low suspicion 14 0 0 <3 .99

Low suspicion 127 18 14 5–10 .14

Intermediate suspicion 89 32 36 10–20 <.001

High suspicion 19 15 79 >70–90 .32

ACR TI-RADS risk stratification

TR1 - benign 4 0 0 0 .99

TR2 - not suspicious 30 1 3 <2 .99

TR3 - mildly suspicious 103 17 17 ≤5 <.001

TR4 - moderately suspicious 88 34 39 5.1–20 <.001

TR5 - highly suspicious 25 13 52 >20 <.001
aExpected malignancy rates as previously reported [14, 16].
Abbreviations: ACR TI-RADS, American College of Radiology Thyroid Imaging and Reporting Data System; ATA, 2015 American Thyroid Associa-
tion Guidelines

Table 4. Diagnostic performance based on theoretical biopsy criteria

Risk stratification
system

Nodules
biopsied, n Sensitivity Specificity NPV PPV

ATA 226 92% 10% 79% 27%

ACR TI-RADS 146 74% 47% 84% 33%

Abbreviations: ACR TI-RADS, American College of Radiology Thyroid Imaging and Reporting Data System; ATA, 2015 American Thyroid Associa-
tion Guidelines; NPV, negative predictive value; PPV, positive predictive value.

© AlphaMed Press 2019

Comparing Thyroid Nodule Ultrasound Risk Systems400



were not the dominant nodules being evaluated. Six nodules
(2%) were noninvasive follicular thyroid neoplasm with papil-
lary-like nuclear features and were also classified as benign
nodules.

Interobserver Agreement
Table 2 summarizes the Fleiss’ κ values for interobserver
agreement. When accounting for all raters, κ for ATA was
0.281 and for ACR TI-RADS was 0.313 (fair agreement for
both). When stratified by rater specialty, κ for ATA was 0.313
among endocrinologists/endocrine surgeon and was 0.304
among radiologists. κ for ACR TI-RADS was 0.274 among
endocrinologists/endocrine surgeon and was 0.360 among
radiologists. When analyzed by average ATA rating, κ for ATA
ratings from very low to high suspicion were 0.104, 0.12,
0.075, and 0.069. Interobserver agreement could not be
measured for the ATA benign category because of limited
sample size (n = 1). When analyzed by average ACR TI-RADS
rating, κ for TIRADS ratings from benign to highly suspicious
were − 0.067, 0.090, 0.126, 0.065, and − 0.112.

Accuracy of Risk Strata and Expected Malignancy
Risks
The total number of nodules that fell into each stratum of
the ATA and ACR TI-RADS systems according to the mean
total rater score, calculated observed malignancy risk, and
expected malignancy risk of each stratum are shown in
Table 3. There was no significant difference in observed
malignancy risk versus expected for four of the five strata
of the ATA classification system. However, our calculated
observed malignancy risk of 36% for the intermediate suspi-
cion category was significantly higher than the expected

10%–20% (p < .001). Our calculated observed malignancy
risks were significantly higher than the expected malignancy
risks for three of the five strata in the ACR TI-RADS system:
17% versus ≤5% (p < .001) for TR3, 39% versus 5%–20%
(p < .001) for TR4, and 52% versus >20% for TR5.

Diagnostic Performance
Table 4 summarizes the diagnostic performance of both
risk stratification systems based on the theoretical applica-
tion of biopsy criteria for each system and the surgical
pathology findings of benign versus malignant nodules.
The sensitivity, specificity, positive predictive value, and
negative predictive value for ATA were 92%, 10%, 79%,
and 27%, respectively, and for ACR TI-RADS were 74%,
47%, 84%, and 33%, respectively.

Figure 1 illustrates the ROC curve for both ATA and ACR
TI-RADS risk stratification systems. The AUC for ATA was
0.734 (confidence interval [CI]: 0.663–0.804). The AUC for
ACR TI-RADS was 0.718 (CI: 0.643–0.784). There was no sta-
tistically significant difference between the AUCs for both
systems (p = .699).

DISCUSSION

Although there have been a few studies that have compared
different risk stratification systems [21–24], and in particular,
the ATA and ACR-TIRADS systems [25, 26], to our knowledge,
this is the first study to evaluate the performance of these
two systems using raters from multiple clinical disciplines.
We found that both ATA and ACR TI-RADS risk stratifications
systems exhibited similar diagnostic performance and inter-
observer agreement, although ATA guidelines were more
accurate in predicting the malignancy risk for each risk stra-
tum in our study population.

Both ATA and ACR TI-RADS risk stratification systems dem-
onstrated “fair” interobserver agreement overall [27]. Not sur-
prisingly, when stratified by discipline, radiologists had greater
interobserver agreement using ACR TI-RADS than when using
the ATA system. Similarly, endocrinologists/endocrine surgeon
had better interobserver agreement using the ATA system
than the ACR TI-RADS system. Although we can only speculate
on the etiology of this difference, one possible reason could
be that radiologists are trained to use the ACR TI-RADS system
and endocrinologists/endocrine surgeon are trained to use
the ATA system. Our findings are in line with prior studies
using Fleiss’ kappa to evaluate interobserver agreement. In
2018, Hoang et al. found a κ value of 0.35 for ACR TI-RADS
grading in the evaluation of 100 thyroid nodules by eight
board-certified radiologists of different levels of training and
practice settings [28]. Grani et al. compared interobserver
concordance between two endocrinologists who inter-
preted ultrasound images from 501 nodules based on a set
of characteristics that were later applied to obtain ratings
according to different risk stratification systems [29]. For
both ATA and ACR TI-RADS systems, they obtained a
Krippendorff alpha value of 0.49. Interestingly, after having a
joint session to discuss ratings and reach consensus readings
for this first set of nodules, the two raters were asked to
independently review a separate set of 554 nodules, which
resulted in an improvement in Krippendorff alpha to 0.57

Figure 1. Receiver operating characteristic curves of ATA and
ACR TI-RADS risk stratification systems.
Abbreviations: ACR TI-RADS, American College of Radiology Thy-
roid Imaging and Reporting Data System; ATA, 2015 American
Thyroid Association Guidelines; AUC, area under the curve.
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(ACR TI-RADS) and 0.65 (ATA). Their findings indicate that
both systems exhibit similar degrees of interobserver agree-
ment and that standardized training in each system may fur-
ther improve interobserver agreement.

When we compared the expected rates of malignancy
for each stratum in the risk stratification systems, we found
some discrepancies. In particular, we noted that we had a
much higher risk of malignancy than expected for the inter-
mediate risk stratum in the ATA guidelines (36% vs. 10%–
20%) as well as the ACR TI-RADS 3–5 categories. A similar
study was performed by Gao et al. to compare the TI-RADS
system proposed by Kwak (Kwak-TIRADS) with ATA and ACR
TI-RADS systems in 2,544 nodules that were also surgically
excised and had an even higher overall malignancy rate of
66.1% compared with ours. They, too, found significantly
higher observed rates of malignancy for the intermediate
ATA risk stratum and the higher ACR TI-RADS risk strata in
comparison with expected malignancy thresholds [25]. Two
possible explanations for this discrepancy are as follows.
First, it is possible that our cohort, given that they had been
referred to a surgical clinic, had a higher incidence of other
confounding risk factors for malignancy, such as family his-
tory of thyroid cancer, which could have impacted the malig-
nancy rates, although one would expect this to have an
equal effect across the board for all risk strata. A second pos-
sible explanation is the high proportion of follicular cancers
that were included in our study (11% of malignant nodules)
in comparison with 1% of malignant nodules in the ACR TI-
RADS validation study [14] and 5% of malignant nodules in
the ATA validation study [13]. This is supported by the fact
that our intermediate ATA risk stratum and ACR TI-RADS 3–4
risk strata had higher proportions of follicular cancers in their
malignant nodules (12%–27%) in comparison with the other
risk strata (0%–9%), with the exception of ACR TI-RADS 2, in
which the only malignant nodule was a follicular cancer, and
ACR TI-RADS 5, in which none of the 13 malignant nodules
were follicular cancer. Regardless of their cause, these dis-
crepancies are important to note because the reported risk
of malignancy of a thyroid nodule based on its risk stratifica-
tion can significantly influence the treatment preferences of
a patient and provider, which are often just as important as
treatment recommendations in clinical guidelines in the final
decision regarding the individual treatment plan for a thyroid
nodule. It should be stressed that the ultrasound malignancy
risk estimations are only a single data point that must be
taken in the context of all other demographic and clinical
information when applied toward treatment decisions.

In comparing the diagnostic performance of ATA and ACR
TI-RADS, we found that ATA had a higher sensitivity and NPV
than ACR TI-RADS, which had higher specificity than ATA. This
resulted in a higher number of theoretical biopsies indicated
based on application of ATA criteria in comparison with ACR
TI-RADS. However, the AUCs for the ROC curves for both sys-
tems were not statistically different, indicating similar overall
performance in predicting malignancy. These findings are in
line with other studies comparing both ATA and ACR TI-RADS.
In the study by Gao et al., they also found that ACR TI-RADS
had higher specificity (79.7%, p < .05) and ATA had higher sen-
sitivity (95.5%, p < .05), although their ultimate conclusion
was that KWAK-TIRADS had better diagnostic performance in

differentiating nodules >1 cm (AUC: 0.92, p < .01) in compari-
son with the other two systems. Another study by Ha et al.
compared seven different society guidelines, including ATA
and ACR TI-RADS, in the evaluation of 2,000 thyroid nodules.
Their final diagnosis of malignancy was determined with a
combination of both surgical pathology and fine needle aspi-
ration or core needle biopsy in cases in which patients did
not undergo surgery. Again, they noted that ATA had higher
sensitivity (89.6% vs. 74.7%) and ACR TI-RADS had higher
specificity (67.3% vs. 33.2%). Out of all seven systems, ACR
TI-RADS resulted in the lowest rate of unnecessary biopsies
(25.3%), compared with a rate of 51.7% for ATA. In a subse-
quent study, Ha et al. compared just ATA, ACR TI-RADS, and
the 2016 Korean Thyroid Association guidelines in the evalu-
ation of 902 additional nodules and found, similarly, that ATA
had higher sensitivity than ACR TI-RADS (95.0% vs. 80.2%,
p = .001) but also had lower specificity (38.1% vs. 68.9%,
p < .001), and ACR TI-RADS had the lowest rate of unnecessary
biopsies (25.8%) [30]. The clinical implication of this difference
is hard to define. Although the use of the ATA risk stratifica-
tion system results in a higher detection of thyroid cancer, this
also results in treatment of those cancers, and potential over-
treatment of those cancers. In our current era of less aggres-
sive treatment for this mostly indolent disease, the utility of
increased detection remains an ambiguous benefit.

There are several limitations to our study. This is a retro-
spective analysis of a surgical cohort that traditionally has
had a higher rate of malignancy than the general thyroid
nodule population in an institution. However, our malig-
nancy rate of 26% in this study cohort is on par with the
general rate of malignancy of thyroid nodules seen at our
institution (24%). This study also only included preselected
dimensional sonographic images. Additional images through
the entire nodule, review of the background parenchyma,
and real-time video clips of the sonographic examination
may have changed interpretation of some selected features
and categorization. We also have a relatively small cohort
of 250 nodules included in the study, with a small number
of nodules in specific strata limiting substratification ana-
lyses. Despite these limitations, we believe that our data
add insight into the utility of these tests and the practice
preferences of the clinicians who use them.

CONCLUSION

In the handful of studies to date that have compared different
thyroid nodule ultrasound risk stratification systems [21–26,
30, 31], it remains unclear that any single system outperforms
the other with respect to statistical or clinical significance.
However, these studies have shown that most of these sys-
tems have demonstrated relatively accurate predictions of
malignancy, with high sensitivity and NPV. Unfortunately, hav-
ing so many different rating systems in use can be confusing
for both patients and providers. It can also hinder the aggre-
gation and comparison of data in research on thyroid nodules.
Moving forward, continuing to work across disciplines and
internationally to build consensus guidelines for risk stratifica-
tion of thyroid nodules is critical because it would provide a
common lexicon and framework for multicenter, prospective
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trials that would benefit patient care and facilitate training of
physicians who clinically interpret thyroid ultrasound.
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