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Background: Sonographic evaluation is fundamental to thyroid nodule assessment. The American Thyroid
Association (ATA) ultrasound risk stratification system (USRSS) is widely used, but the appearance of some
nodules has been considered nonclassifiable (NC-ATA). The risk of malignancy (RoM) of NC-ATA nodules
varies widely between studies, leading to uncertainty in clinical management. The aim of this study was to
comprehensively evaluate the prevalence and malignancy risk of NC-ATA nodules.
Methods: A systematic review was performed searching PubMed/MEDLINE and EMBASE to identify original
studies of thyroid nodules classified using the ATA USRSS from 2016 to 2022 and reporting the outcome of
NC-ATA nodules. Meta-analysis was conducted to obtain pooled RoM estimates and meta-regression sensi-
tivity analyses were used to explore sources of between-study heterogeneity.
Results: Of 6377 screened studies, 135 underwent full-text review, and 16 studies reporting 21,271 nodules
were included. Within these, the pooled prevalence of NC-ATA nodules was 7.8% (1872 nodules; [confidence
interval; CI 5.1–11.1]). The pooled RoM estimate for NC-ATA nodules was 20.3% [CI 13.0–28.7] and there
was significant heterogeneity between studies (I2 = 92.8%, p < 0.001). NC-ATA nodule RoM estimates were
significantly different by study type: single-center versus multicenter studies (24.8% vs. 12.3%, respectively,
p = 0.031) and study design: retrospective versus prospective studies (25.1% vs. 8.5%, respectively, p = 0.003).
No significant difference was observed in RoM based on inclusion of <1 cm nodules or geographic region.
Meta-regression analysis showed study design and use of surgical histology for diagnostic criteria contributed
significantly to differences in the reported RoM estimates.
Conclusion: In this first meta-analysis comprehensively assessing the RoM of NC-ATA nodules, the malig-
nancy risk was found to be comparable with the current ATA USRSS intermediate suspicion category. Sig-
nificant heterogeneity was observed between studies and limits the interpretation of these results. In future
iterations of the ATA USRSS that seek into incorporate categorization of NC-ATA nodules, these meta-analysis
data may help to inform proper malignancy risk stratification. The study protocol was registered on PROS-
PERO, the international prospective register of systematic reviews (CRD42020182498), on July 14, 2020.
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Introduction

Thyroid nodules are highly prevalent and there has
been a significant increase in their detection and evalu-

ation for the past several decades.1 Thyroid ultrasound
evaluation has emerged as an integral part of thyroid nodule
assessment to stratify the risk of malignancy based on so-
nographic features. To improve implementation, standard-
ized ultrasound risk stratification systems (USRSS) have
been devised, including in the 2015 American Thyroid As-
sociation (ATA) Management Guidelines for Adult Patients
with Thyroid Nodules and Differentiated Thyroid Cancer.2

This system utilizes sonographic patterns to categorize nod-
ules (with associated malignancy risk) as benign (<1%), very
low suspicion (<3%), low suspicion (5–10%), intermediate
suspicion (10–20%), or high suspicion (>70–90%). Based on
their respective risk of malignancy (RoM), each category has
an associated size cutoff at which fine needle aspiration
(FNA) is recommended.

While the ATA USRSS has performed well in validation
studies, a subset of nodules does not fit any of the described
patterns. These ‘‘nonclassifiable’’ (NC-ATA) nodules gen-
erally consist of a combination of lower suspicion and higher
suspicion features, such as iso- or hyperechoic or mixed
cystic/solid nodules that have one or more high-risk features
(e.g., punctate echogenic foci, taller than wide shape, and
irregular margins). Some prior studies have suggested that
NC-ATA nodules may be encountered relatively frequent-
ly3–7 and have high RoM,5,8–11 while other data indicate that
NC-ATA nodules are uncommon8,12–15 and RoM is
low.3,4,6,16,17

This wide variability in the reported findings among in-
dividual studies, which is perhaps due to differences in study
populations or methods, results in uncertainty as to the true
prevalence and RoM of NC-ATA nodules. Therefore, this
systematic review and meta-analysis aims to comprehen-
sively determine the frequency and RoM for NC-ATA nod-
ules described in the literature and assess variables
influencing malignancy risk estimates.

Methods

Search strategy

We performed a literature search according to the Pre-
ferred Reporting Items for a Systematic Review and Meta-
analysis (PRISMA) guidelines. A systematic search was done
from January 2015 until August 2022 of PubMed/MEDLINE
and EMBASE databases to identify English language pub-
lications that recognized and reported on NC-ATA nodules
(Supplementary Data). Identified references with abstracts
were exported to Covidence (Covidence Systematic Review
Software, Veritas Health Innovation, Melbourne, Australia;
www.covidence.org) for initial screening. This study was
considered exempt by the governing institutional review
board.

Study selection

After removal of duplicates, at least two authors (T.E.A.,
D.K., M.K., E.J., and/or R.R.M.) independently performed a
title and abstract screen followed by a full-text review by two
independent reviewers (T.E.A., D.K., M.K., and/or R.R.M.)

using previously agreed upon inclusion and exclusion crite-
ria. The reference lists for all studies that underwent full-text
evaluation were screened for additional relevant articles for
review. Any disagreements were resolved by discussion and
review by two authors (T.E.A. and D.K.). Studies met initial
inclusion criteria if they were original publications of thyroid
nodules in adult subjects; provided categorization using the
ATA USRSS; and reported pathologic outcomes of NC-ATA
nodules, either by histopathology and/or definitive biopsy
result (i.e., Benign [Bethesda II] or Malignancy [Bethesda
VI] cytology).

Studies were excluded if only a specific cytopathologic
subgroup (e.g., indeterminate cytology) or histopathology
subgroup (e.g., follicular thyroid carcinoma) was evaluated.
In addition, studies were excluded if they did not report the
existence of NC-ATA nodules or explicitly recategorized
them into another ATA USRSS category. Studies that rec-
ognized the presence of NC-ATA nodules but did not report
their pathologic outcomes were excluded. In studies that in-
cluded both <1 and >1 cm nodules, only data for >1 cm were
included if these data were separately reported. Studies of
<1 cm nodules were generally excluded, but to allow for the
greatest number of relevant data after initial review, studies
that had <15% of nodules <1 cm were considered to have an
acceptably low proportion and were included.

When inclusion or exclusion criteria were unanswered in
the article, personal correspondence to the authors was at-
tempted. If additional data were collected from study authors,
the study was assessed for inclusion/exclusion as aforemen-
tioned. Studies were not included if additional data could not
be collected or if criteria could not be confirmed. The fol-
lowing data were extracted from the selected articles: study
design and location, diagnostic criteria (histopathology vs.
histopathology and definitive FNA), inclusion of sub-
centimeter nodules, number of patients and nodules investi-
gated, proportion of nodules with indeterminate cytology and
no surgical pathology that were excluded, proportion of NC-
ATA nodules, proportional of nodules with histopathologic
diagnosis, and RoM of NC-ATA nodules.

Risk of bias assessment

Risk of bias and assessment of applicability was conducted
by two authors (D.K., R.R.M., and/or M.K.) with disagree-
ments resolved by discussion between authors (T.E.A. and
D.K.) using the revised Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) tool.18

Statistical analyses

Meta-analysis to obtain pooled estimates for the proportion
of NC-ATA nodules that were malignant used the metaprop
procedure in Stata (V17.0, College Station, TX, USA).19

Each study summarized the number of NC-ATA nodules and
the number of malignancies. The proportion of NC-ATA
malignancies was computed for each study, with a 95%
score-based confidence interval [CI] on binomial propor-
tions. Random effects meta-analysis of proportions used the
DerSimonian and Laird approach20 on Freeman-Tukey
double arcsine normalizing transformations of the study
proportions; the study weights used the inverse variance of
the transformed values. Between-study heterogeneity in
malignancy proportions was assessed by I2 statistics.
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Prevalence of malignancy was also summarized by sub-
groups: study type (single- vs. multicentered); study design
(prospective vs. retrospective); inclusion of <1 cm nodules;
and geographic location (Asia, Europe, and America). To
investigate sources of between-study heterogeneity in esti-
mates of malignancy proportions, mixed effects logistic re-
gression with a random study effect was conducted, testing for
possible heterogeneity by single- versus multicentered stud-
ies, prospective versus retrospective study designs, diagnostic
criteria used, total number of patients evaluated, total number
of NC-ATA nodules evaluated, percentage of nodules histo-
logically verified, and percentage of nodules that were ex-
cluded for because of indeterminate cytology without verified
diagnosis. Continuous data were evaluated as dichotomous
variables with cutoff at the median value.

Results

Study selection

As depicted in Figure 1, a total of 6377 titles/abstracts were
screened after duplicate removal. Of those, 126 articles un-

derwent full-text review. Reasons for study exclusion are
shown in Supplementary Table S1. Ultimately, 16 articles
fulfilled the inclusion and exclusion criteria and were ana-
lyzed for this study.3–17,21 The authors of two articles were
contacted for additional information, of which one author
provided additional data that led to inclusion of the study.

Study characteristics

Study characteristics are summarized in Table 1. Of the
included studies, 12 were retrospective analyses, 3 were
prospective,4,14,17 and 1 study reported on both retrospective
and prospective cohorts.6 Single-center analyses represented
11/16 (68.8%) of included studies3,5–8,10–13,15,16,21 and most
of the studies (11/16, 68.8%) reported data on populations
from centers in Asia.3,5,6,8,10–13,15,16,21 Six studies (37.5%)
included a subset of <15% subcentimeter nodules,4,7,14–16

and four studies (25%) reported only thyroid nodules that
underwent surgical resection.8,10,11,15

Sample size varied from 167 to 3685 thyroid nodules, with
a total pooled sample of 21,271 nodules. A total of 1872
nodules were classified as NC-ATA, representing 1.75–19.6%

FIG. 1. PRISMA diagram.
PRISMA, Preferred Report-
ing Items for a Systematic
Review and Meta-Analysis.
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of all nodules among studies. The random effects pooled prev-
alence was 7.8% [CI 5.1–11.1]. The criteria used to categorize
nodules as NC-ATA were described in all publications. NC-
ATA nodules were described as isoechoic with at least one high-
risk feature, hyperechoic with at least one high-risk feature,
mixed solid/cystic with at least one high-risk feature, or when
composition, echogenicity or margins could not be determined.
The RoM for NC-ATA nodules ranged from 0% to 68.9%.

Meta-analysis of malignancy rate

As shown in Figure 2, the overall pooled RoM estimate for
NC-ATA nodules in the 16 included studies was 20.3% [CI
13.0–28.7]. There was significant heterogeneity among study
estimates (I2 = 92.8%, p < 0.001). In subgroup analyses,
single-center studies showed higher pooled RoM estimate of
24.8% [CI 13.0–38.7] compared with multicenter studies
(12.3% [CI 8.3–16.8], p = 0.031; Fig. 3A). There was sig-
nificant interstudy heterogeneity found across single-center

studies (I2 = 94.4%, p < 0.001), but not multicenter studies
(I2 = 57.1%, p = 0.053). Furthermore, the pooled RoM was
higher in retrospective versus prospective studies (25.1% [CI
15.2–36.3] vs. 8.5% [CI 4.2–14.1], p = 0.003; Fig. 3B). Sig-
nificant interstudy heterogeneity was seen among retrospec-
tive studies (I2 = 93.8%, p < 0.001), but not prospective
studies (I2 = 47.6%, p = 0.13).

The pooled RoM for studies that only included nodules
with surgical pathology was 42.9% [CI 13.6–74.9] compared
with 16.1% [CI 10.6–22.3] for studies including both surgical
and other nonsurgical outcomes (e.g., definitive biopsy re-
sult; trend at p = 0.057, Fig. 3C). Of note, studies that only
included nodules >1 cm had similar pooled RoM (20.7% [CI
10.7–32.7]) to studies that included a subset of nodules <1 cm
(20.0% [8.6–34.4]) (Fig. 3D). Finally, with respect to dif-
ferent geographic regions (Fig. 3E), we found no difference
in pooled RoM by geographic region between studies from
Asia (23.3% [CI 12.1–36.5]) versus Europe/America (14.4%
[CI 8.5–21.1]; p = 0.142).

FIG. 2. Meta-analysis of NC-ATA nodule RoM. The RoM for thyroid nodules evaluated using the ATA USRSS with
sonographic patterns deemed nonclassifiable (NC-ATA) from 16 included studies. The pooled RoM for NC-ATA nodules
was 20.3% [CI 13.0–28.7], with significant heterogeneity identified among study estimates ( p < 0.001). Ha 2018a16 and Ha
2018b.21 ATA, American Thyroid Association; CI, confidence interval; RoM, risk of malignancy; USRSS, ultrasound risk
stratification system.
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Because of significant heterogeneity observed in the primary
analysis, sensitivity analyses were performed to identify sources
of between-study heterogeneity that contributed to differences
in the RoM estimates. After removal of one study representing a
statistical outlier,5 the overall pooled RoM estimate for NC-
ATA nodules in these studies was 19% [CI 13.0–25.0], with
heterogeneity remaining significant (I2 = 83.0%, p < 0.001).
Mixed effects logistic regression performed to evaluate study
variables included single- versus multicentered studies, pro-
spective versus retrospective design, study location (Eur-
ope/America vs. Asia), use of histology for diagnostic outcome,
total and NC-ATA nodule sample size, nodule size threshold,
and rate of exclusion due to unconfirmed nodule diagnosis.

This analysis showed that RoM was lower in multicenter
versus single-center studies ( p = 0.049) and in prospective
versus retrospective studies ( p = 0.015), while higher RoM
was observed in studies with only surgically resected nodules
( p = 0.013) and studies with >35% of nodules with histo-
pathologic diagnosis ( p = 0.01). Other variables did not show
significant contribution to differences in RoM.

Quality assessment

The methodological quality and risk of bias in the included
studies were assessed using the revised QUADAS-2 and are
reported in Table 2. All studies selected patients with thyroid
nodules who underwent evaluation and treatment and,
therefore, inherently did not evaluate patients with nodules
who did not undergo additional testing. Within the parame-
ters of patients receiving treatment for thyroid nodules, most
studies were considered low risk of impactful bias in patient
selection, testing, and final diagnosis. We did note higher risk
of bias for patient selection and patient selection applicability
in Slowinska-Klencka et al.,9 due to unclear recruitment of
their patient cohort, as well as an unclear risk of bias in the
index test for two studies in which blinding was not clearly
stated.8,11 The four studies that reported only nodules with
surgical pathology were also graded to have higher risk of
bias in patient selection.8,10,11,15

Discussion

Ultrasonography is a primary modality for assessment of
thyroid nodule risk and guiding clinical management. De-
spite our clinical reliance upon ultrasound evaluation, there
remain limitations to sonographic systems for nodule eval-
uation. Here we address the subset of nonclassifiable nodules
within the widely used ATA USRSS system to attempt to
better delineate their prevalence and malignancy risk through
a comprehensive systematic review and meta-analysis com-
prising 16 studies and >20,000 nodules.

Importantly, we found that NC-ATA nodules are common
with a pooled prevalence of 7.8% [CI 5.1–11.1] and portend a
malignancy risk of 20.3% [CI 13.0–28.7]. This malignancy
risk approximates the upper range assigned to ATA USRSS
intermediate suspicion nodules (10–20%) and may overlap
with the risk implied for the American College of Radiology
Thyroid Imaging Reporting and Data System (ACR-
TIRADS)22 category 4, as well as some in category 5 (those
with 7 points).7,16,23 In subgroup analyses, risk estimates
varied significantly by aspects of study design.

We found significantly lower RoM reported in multi-
centered (12.3%) and prospective studies (8.5%) compared
with single-center and retrospective studies, respectively. No
identified studies were both prospective and multicentered.
Even if the true malignancy risk of NC-ATA nodules is closer
to the lower rate seen in these subgroups, it is comparable
with that assigned to intermediate suspicion nodules and
represents a non-negligible risk to patients. These findings
broadly indicate that FNA should be considered in patients
with NC-ATA nodules in a manner comparable with those
with an intermediate suspicion ATA sonographic pattern.

Significant heterogeneity observed among the studies
should be considered when interpreting the pooled RoM es-
timates in this meta-analysis. The analysis of study charac-
teristics to assess sources of heterogeneity revealed that lower
NC-ATA nodule RoM was observed in multicenter studies
and prospective studies, whereas higher RoM was found for
studies that only used histopathology diagnosis and in those

Table 2. Quality Assessment of Included Studies (QUADAS-2)

Risk of bias Applicability concerns

Patient
selection Index test

Reference
standard

Flow and
timing

Patient
selection

Index
test

Reference
standard

Yoon et al.12 LR LR LR LR LR LR LR
Middleton et al.3 LR LR LR LR LR LR LR
Chng et al.8 LR UC LR LR HR LR LR
Ha et al.16 LR LR LR LR LR LR LR
Ha et al.21 LR LR LR LR LR LR LR
Persichetti et al.14 LR LR LR LR LR LR LR
Gao et al.15 LR LR LR LR HR LR LR
Grani et al.4 LR LR LR LR LR LR LR
Ha et al.13 LR LR LR LR LR LR LR
Peng et al.5 LR LR LR LR LR LR LR
Slowinska-Klencka et al.9 HR LR LR LR HR LR LR
Merhav et al.17 LR LR LR LR LR LR LR
Paker et al.10 LR LR LR LR HR LR LR
Kuru et al.11 LR UC LR LR HR LR LR
Seifert et al.7 LR LR LR LR LR LR LR
Yang and Na6 LR LR LR LR LR LR LR

HR, high risk (dark gray boxes); LR, low risk (gray boxes); UC, unclear (light gray boxes).
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that had a percentage of diagnosis from histopathology that
was above the median (>35%). In addition, there may be
other aspects of thyroid nodule assessment that were not re-
ported in the studies that affected the individual RoMs.

Differences in thyroid ultrasound expertise could lead to
variability in the criteria for classifying nodules as NC-ATA.
If nodules with ATA low or ATA high suspicion sonographic
phenotypes were included as NC-ATA nodules, this would
lead to lower or higher RoM, respectively. Similarly, dif-
ferences in cytological reporting and use of indeterminate
(Bethesda III–V) categories, as well as how patients with
indeterminate cytology were referred for surgical resection
could lead to heterogeneity in the observed RoMs. These
were not data available in the published studies. Although
whether and how these variables could alter the pooled RoM
estimates is not known, the majority of studies indicate
standard of care criteria and clinical decision-making that
likely would be applicable to general populations.

The strengths of this study include the large population of
nodules derived from systematic review, well-defined criteria
to include a broad and high-quality sample, and subanalyses
to evaluate variables that could impact RoM in NC-ATA
nodules. We acknowledge some limitations as well. The in-
cluded studies only reported on nodules with a confirmed
diagnosis, either by surgical histopathology or definitive bi-
opsy (Benign [Bethesda II or Malignancy [Bethesda VI]
cytology), which excluded indeterminate cytology nodules
without histopathologic standard and, therefore, our results
may include some selection bias.

Cytologically indeterminate nodules that were determined
to be more suspicious may have been resected while less
concerning indeterminate nodules were managed conserva-
tively and not reported, which could result in a higher ob-
served RoM than if all indeterminate nodules were included.
No studies reported use of molecular testing. Thyroid ma-
lignancies other than PTC (e.g., follicular thyroid carcinoma
and medullary thyroid carcinoma) may be under-reported in
studies evaluating USRSSs that rely on confirmed diagnosis,
perhaps due to less specific sonographic features and higher
chances of indeterminate cytology in these less common
thyroid cancers.24

In addition, in older studies, tumors now defined as non-
invasive follicular thyroid neoplasm with papillary-like nu-
clear features (NIFTP), which is an indolent nonmalignant
tumor, may have been reported as follicular variant of PTC
and been counted as malignant. Since NIFTP may present as
a thyroid nodule with NC-ATA appearance,25 the reported
malignancy risk for NC-ATA nodules may be overestimated.
Because the diagnosis of NIFTP can be made only upon
histopathologic assessment, surgical resection is still ac-
cepted management for nodules that are ultimately deter-
mined to be NIFTP.

Moving forward, these data further support the develop-
ment of more robust criteria for thyroid nodule evaluation.
Previous studies have attributed much of the interobserver
variability seen during use of the ATA USRSS system to the
presence of nonclassifiable isoechoic or hyperechoic nodules
with high-risk features.26 USRSS that evaluate nodule fea-
tures individually, such as ACR-TIRADS, are able to assess
risk for any combination of nodule characteristics and,
therefore, can categorize all nodules. In contrast, more ho-
listic nodule stratification systems such as the ATA USRSS

can help to avoid pitfalls of feature misclassification and
subsequent inaccurate risk assessment. In future iterations
of the ATA USRSS that seek into incorporate categorization
of NC-ATA nodules, these meta-analysis data can inform
proper malignancy risk.

Conclusion

Data from this meta-analysis provide a pooled estimate for
the prevalence and RoM of NC-ATA nodules. Although
significant heterogeneity observed between studies indicates
the need for caution when interpreting these results, they
indicate that the RoM is comparable with that of the current
ATA USRSS intermediate suspicion category. This suggests
that for NC-ATA nodules, use of similar criteria for per-
forming FNA is likely warranted.
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