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Abstract

Objective: To assess the validity of the American College of Radiology Thyroid Imaging
Reporting and Data System (ACR TI-RADS) for evaluating thyroid nodules in children.

Methods: Patients aged <19 years with thyroid nodule(s) evaluated by ultrasound (US) from
2007-2018 at a tertiary children’s hospital were included. Two radiologists scored de-identified
thyroid US images using ACR TI-RADS (from 1, “benign” to 5, “highly suspicious™). The
radiologists recorded size and rated vascularity for each nodule. Ultrasound findings were
compared to pathology results (operative cases, 7=91) and clinical follow-up without disease
progression (non-operative cases, /7= 15).

Results: Thyroid images from 115 patients were reviewed. Nine patients were excluded due to
the absence of an evaluable nodule. Forty-seven benign and 59 malignant nodules were included.
Median age at ultrasound was 15 years (range 0.9-18 years). Twenty (18.9%) patients were male.
There was moderate agreement between TI-RADS levels assigned by the two raters (kappa =
0.57, p<0.001). When the raters’ levels were averaged, >3 as the threshold for malignancy
correctly categorized the greatest percentage of nodules (68.9%). Eleven (18.6%) malignant
nodules received a TI-RADS level of 2 (n=3) or 3 (1= 8). Sensitivity, specificity, and positive
and negative predictive values were 81.4%, 53.2%, 68.6%, and 69.4%, respectively. Although not
part of TI-RADS, vascularity was similar between benign and malignant nodules (p = 0.56).

Conclusion: In a pediatric population, TI-RADS can help distinguish between benign and
malignant nodules with comparable sensitivity and specificity to adults. However, the positive and
negative predictive values suggest TI-RADS alone cannot eliminate the need for FNA.

Keywords
thyroid; thyroid cancer; ti-rads; ultrasound

INTRODUCTION

Thyroid nodules present a diagnostic challenge in both adult and pediatric populations.
Although thyroid nodules are common in adults, the reported prevalence of thyroid
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nodules is 0.5-5% in children and adolescents. Different from adults, available data

have demonstrated that between 19.1%-25% of pediatric thyroid nodules are malignant.1-
3 Hence, developing precise, non-invasive tools to discriminate malignant from benign
nodules is essential.* Pediatric patients are more likely to present with occult bilateral
disease or local metastases to regional lymph nodes when compared to adults.*=¢ Currently,
clinicians caring for children utilize the American Thyroid Association (ATA) Management
Guidelines for Children with Thyroid Nodules and Differentiated Thyroid Cancer. In
children and adolescents, the decision to perform FNA is based on ultrasonographic features
and clinical context, and criteria for biopsy are generally more aggressive compared to
adults. Any nodule that has high-risk ultrasonographic features, independent of size, or any
nodule that is solid or partially cystic =1 cm is recommended for biopsy in pediatrics.” This
differs from the adult population, where biopsy is only recommended once the nodule is
>1, 21.5, and =2.5 cm for highly suspicious, moderately suspicious, and mildly suspicious
nodules, respectively.®

Risk stratification of thyroid nodules for both adult and pediatric populations using
ultrasound remains problematic. Several risk stratification systems have been proposed.?
Kwak et al. developed a risk stratification system that considered hypoechogenicity,
microlobulated or irregular margins, microcalcifications, and taller-than-wide shape as
independent risk markers for thyroid malignancy.19 The ATA created a system to risk stratify
thyroid nodules based on ultrasound patterns.1? Most recently, the American College of
Radiologists (ACR) proposed the Thyroid Imaging Reporting and Data System (TI-RADS),
which is an evidence-based multi-institutional consensus of expert opinion. ACR TI-RADS
provides standard terms (lexicon) with recommendations for the management of thyroid
nodules based on characteristics of ultrasound imaging paired with maximum diameter.
These guidelines, first introduced in 2015 and expanded to include clinical management
recommendations in 2017, were initially intended for the assessment and management of
thyroid nodules in adults.1213 Although the validity and performance of ACR TI-RADS
have been studied across adult populations, the usefulness of the ACR TI-RADS in pediatric
populations is unclear.

The unique imaging characteristics in pediatric patients, such as ectopic intrathyroidal
thymic tissue resembling microcalcifications, are not addressed in the adult ACR TI-RADS
system.1* We hypothesize that ACR TI-RADS will provide actionable information regarding
thyroid nodules in children and adolescents. To test our hypothesis, we compared ACR
TI-RADS scores to clinical findings in 106 patients.

MATERIALS AND METHODS

Following University of Pittsburgh Institutional Review Board approval (STUDY19020295),
our retrospective chart review identified 115 patients aged less than 19 years who had
thyroid ultrasound studies performed between 2007-2018 and thyroidectomy or fine needle
aspiration (FNA) biopsy. All US were performed in a single hospital network. A third party
randomized and de-identified all thyroid ultrasound. Nine studies were excluded because an
evaluable nodule could not be identified. Two pediatric radiologists (JHS and KGV) with

4+ and 11+ years, respectively, of post-fellowship experience and blinded to all clinical
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information independently scored the 106 images using ACR TI-RADS points system
ranging from 0 to 14, which corresponded to levels ranging from 1, “benign” to 5, “highly
suspicious”.1213 As recommended, the ACR TI-RADS considers composition, echogenicity,
shape, margin, and echogenic foci to assign a score for each thyroid nodule. The reviewing
radiologists also recorded size and rated vascularity for each nodule. Vascularity was
assessed using color or power Doppler and assigned one of the following categories: no
flow detected; similar to background thyroid; rim hypervascularity; or hypervascular. ACR
TI-RADS scores were compared between independent radiologists for inter-rater agreement.
The results of the thyroid ultrasound were compared to pathology findings (n= 91) for cases
undergoing operations. For non-operative cases (n7 = 15), the ultrasound that was evaluated
for this study was completed >6 years prior to data collection. These patients were judged

to have benign disease based on clinical presentation and FNA biopsy and had no disease
progression by the time of data collection. The follow-up period was based on date of data
collection rather than the last clinic visit because of patients without concern for disease
progression are less likely to return for additional clinic visits. Additionally, none of these
patients were known to have moved or transferred care to another hospital system. Patients
who presented after ultrasound more recently did not meet our inclusion criteria due to
insufficient follow-up (<2 years of clinical follow-up at the time of construction of the
patient list in 2018) or absence of FNA.

Statistical Analysis

Categorical data were summarized as number and percent. Normally distributed data were
presented as means and standard deviations. Non-normally distributed data (Shapiro—Wilk
p < 0.05) were presented as median and ranges. Differences in characteristics between
patients with benign and malignant nodules were assessed using exact or standard logistic
regression for categorical characteristics, Wilcoxon rank-sum for non-normally distributed
continuous characteristics, and t-tests for normally distributed continuous characteristics.
Differences in total ACR TI-RADS points, ACR TI-RADS level, subscale scores, nodule
largest dimension, and vascularity were assessed using exact logistic regression, linear
regression, Wilcoxon rank-sum, and t-tests. Inter-rater agreement was assessed by weighted
Cohen’s kappa, except vascularity, which was assessed unweighted. x=0-0.20, 0.21-0.40,
0.41-0.60, 0.61-0.80, and 0.81-1.00 were interpreted as none to slight, fair, moderate,
substantial, and almost perfect agreement, respectively.1®> The relationship between nodule
largest dimension and ACR TI-RADS level was evaluated using Spearman rank correlation.
The optimal threshold for ACR TI-RADS to discriminate benign from malignant nodules
was determined by receiver operating characteristic (ROC) curve analysis. The area under
the curve (AUC) to distinguish between benign and malignant nodules for total ACR TI-
RADS points, subscale scores, nodule largest dimension, and vascularity were compared
with those for ACR TI-RADS level using Chi-squared tests with Holm’s adjustment for 7
multiple comparisons. Nodules were categorized as high-risk (with ACR TI-RADS =>4) or
lower risk (ACR TI-RADS <4) as described previously.16 The AUC for ACR TI-RADS level
to distinguish between benign and malignant nodules was compared between high-risk and
lower-risk nodules using Chi-squared tests. Finally, the AUC to distinguish between benign
and malignant nodules for ACR TI-RADS level was compared between indeterminate
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and other nodules using Chi-squared tests. Analyses were performed using Stata/SE 16.1
(StataCorp, College Station, TX). p < 0.05 was considered significant.

Patient Characteristics and Pathology

Of the 106 patients included in the study, 59 (55.7%) had malignant nodules, 20 (18.9%)
were male, and 15 (14.2%) were diagnosed with chronic lymphocytic thyroiditis. The
median age at ultrasound was 15.6 years (range 0.9-18.8 years) (Table I). Chronic
lymphocytic thyroiditis was significantly more common in patients with malignant thyroid
lesions compared with benign (OR: 6.36, 95% CI: 1.36-29.8, p = 0.019). The prevalence of
benign thyroid nodules was comparable between males and females (OR: 0.755, 95% CI:
0.285-2.00, p=0.572). There was no significant difference in age at ultrasound between
those with benign and malignant lesions (2= 0.397, p= 0.693). FNA results were available
for 91 patients; cytology results for 36 (39.6%) of these patients were indeterminate
according to the Bethesda Classification, defined as Bethesda I11 or IV. Ninety-one patients
underwent thyroid surgery. Of these patients, 49 had a total thyroidectomy, 34 had
lobectomy with or without isthmusectomy, and 8 had a diagnostic lobectomy followed by
subsequent completion thyroidectomy. The pathology results of these 91 patients showed
benign findings (7= 32), papillary thyroid cancer (PTC; n = 51), follicular thyroid cancer (n
= 4), NIFTP (n= 2), and medullary thyroid cancer (= 2). (Table I).

Inter-Rater Reliability

Inter-rater reliability for each of the ACR TI-RADS measures, nodule largest dimension, and
vascularity is presented in Table 1. Overall, there was moderate agreement between raters
for ACR TI-RADS level (x=0.576, SE = 0.066, p < 0.001). The composition subscale (x
=0.817, SE = 0.081, p< 0.001) and nodule largest dimension (x = 0.870, SE = 0.063, p

< 0.001) exhibited almost perfect agreement. The shape subscale demonstrated the poorest
agreement (x = 0.148, SE = 0.075, p=0.025). Agreement in ACR TI-RADS level between
raters continued to be moderate when the subgroups with PTC (x = 0.600, SE = 0.103,
p<0.001) and indeterminate nodules (x = 0.507, SE = 0.106, p < 0.001) were examined
independently. Agreement was only fair for nodules in patients with chronic lymphocytic
thyroiditis (x = 0.379, SE = 0.189, p=0.023).

ACR TI-RADS Scores

Average ACR TI-RADS points, ACR TI-RADS level, subscale scores, nodule largest
dimension, and vascularity for the two raters are summarized in Table Il1l. Median ACR
TI-RADS points was 7 (range 2-13) for malignant nodules and 3.5 (range 0-11) for benign
nodules (z=-4.56, p< 0.001). This corresponded with median ACR TI-RADS levels of 4.5
(range 2-5) and 3 (range 1-5) for malignant and benign nodules, respectively (z=-4.62,

p < 0.001); each unit increase in ACR TI-RADS level was associated with 2.48 increased
odds of malignancy (95% CI: 1.62-3.98, p < 0.001). Scores for malignant lesions were
significantly greater than those for benign lesions in the composition (z= -5.75, p< 0.001),
margin (z=-3.45, p < 0.001), echogenic foci (z=-3.00, p= 0.002), and echogenicity
(t(104) = -3.95, p< 0.001) subscales, but not for the shape subscale or largest dimension.
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There was no significant difference in ACR TI-RADS levels between the two most common
malignancies, PTC (median 5, range 2-5) and FTC (median 3.5, range 3.5-4.5). Vascularity,
although not part of ACR TI-RADS, was also examined. For both raters, neither rim nor
diffuse vascularity was significantly more common in malignant nodules. In multivariable
regression analysis with malignancy and chronic lymphocytic thyroiditis as predictors and
ACR TI-RADS level as the response variable, both malignancy (5= 0.897, 95% CI: 0.500-
1.29, p<0.001) and chronic lymphocytic thyroiditis (8 = 0.588, 95% CI: 0.022-1.15, p=
0.042) were independently associated with greater ACR TI-RADS levels. Median (range)
nodule largest dimension for each ACR TI-RADS level is shown in Table IV. There was

no significant relationship between ACR TI-RADS level and nodule largest dimension (o =
0.148, p=0.131).

Receiver Operating Characteristic Curve Comparisons

An ACR TI-RADS level >3 as the threshold for malignancy correctly categorized the
greatest percentage of nodules (68.9%). Sensitivity, specificity, and positive and negative
predictive values were 81.4%, 53.2%, 68.6%, and 69.4%, respectively, with an AUC of
0.758 (Figure 1). The AUC for predicting malignancy based on ACR TI-RADS scores

did not significantly differ between the two reviewers (AUC 0.756 vs. 0.716, p = 0.304).

In addition, the AUC for predicting malignancy based on ACR TI-RADS scores did not
differ between high-risk (ACR TI-RADS TI-RADS =4) and lower-risk (ACR TI-RADS
<4) nodules (AUC 0.824 vs. 0.750, p= 0.395) (Figure 2). Table V shows AUC for ACR
TI-RADS total points, subscale scores, nodule largest dimension, and vascularity compared
with the AUC for ACR TI-RADS level. No other measure significantly outperformed the
ACR TI-RADS level based on AUC. The shape (AUC: 0.574, p< 0.001) and echogenic
foci (AUC: 0.662, p= 0.001) subscales, largest dimension (AUC: 0.555, p = 0.003), and
vascularity (AUC: 0.530, p= 0.001) demonstrated significantly poorer ability compared
with ACR TI-RADS level to discriminate between benign and malignant nodules based

on AUC. When excluding patients with non-papillary TC, an ACR TI-RADS level of 5

for malignancy correctly categorized the greatest percentage of nodules (73.5%), with a
sensitivity of 52.9%, specificity of 95.7%, positive predictive value of 93.1%, and negative
predictive value of 65.2% (AUC: 0.787) (Table V). The subset of patients with indeterminate
nodules demonstrated a median ACR TI-RADS level of 3.5 (range 2-5). In this subset, an
ACR TI-RADS level of 5 for malignancy correctly categorized the greatest percentage of
nodules (58.3%), with a sensitivity of 30.0%, specificity of 93.8%, positive predictive value
of 85.7%, and negative predictive value of 51.7% (AUC: 0.514) (Table V). ACR TI-RADS
underperformed for classifying indeterminate nodules (AUC: 0.541) compared with other
nodules (AUC: 0.882) (p= 0.002).

DISCUSSION

The current literature assessing the usefulness of the adult ACR TI-RADS in the pediatric
population is inconsistent. Richman et. al, found that out of 404 nodules, 22.4% of the
malignant nodules would be missed if the decision to perform FNA was based on imaging
findings alone.2 Based on their findings, they concluded that ACR TI-RADS is insufficient
to risk stratify pediatric thyroid nodules. Gannon et. al, found that ultrasound alone was
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insufficient to rule out cancer to defer FNA biopsy.” Importantly, ACR TI-RADS is
intended to provide additional information to guide clinical management. In current practice
with adults, ACR TI-RADS level provides one factor to be considered for the clinical
management of a given nodule. Our study found that ACR TI-RADS generated statistically
different points and levels for benign versus malignant nodules. In a patient population that
is at baseline difficult to risk stratify, the ACR TI-RADS level would be a helpful adjunct as
part of a comprehensive evaluation.

The goal of our study was to see whether ACR TI-RADS performance in pediatric patients
is comparable to that in the adult population, where it has been validated and is being

used with increasing frequency. In one of the first articles on ACR TI-RADS in pediatrics
published in 2017, Martinez-Rios, et al. demonstrated a positive predictive value of 71.7%
and a negative predictive value of 80.0% in a sample of 124 patients.18 A recent systematic
review and meta-analysis by Kim et al. published a pooled sensitivity and specificity of
0.84 (95% CI 0.78-0.89) and 0.64 (95% CI 0.41-0.81), respectively, for ACR-TI-RADS
category 4 and 5 as malignant in pediatric cases.1” Our test characteristics, computed for

an ACR TI-RADS malignancy at >3, were consistent with the above-pooled analysis, with
positive and negative predictive values of 68.6% and 69.4%, respectively, and a sensitivity
of 81.4% and specificity of 53.2%. In comparison with a 2020 meta-analysis published

by Li et. al on TI-RADS performance in the adult population, our test characteristics fall
within the ranges published, demonstrating similar performance in both populations. Of
note, a recent study out of Italy comparing ACR-TIRADS with three other risk stratification
systems for 81 pediatric thyroid nodules found ACR-TIRADS test characteristics to differ
from ours, with a sensitivity of 41.7% and specificity at 75.9%.18 Their study had a larger
proportion of benign nodules and excluded higher-risk patients including those with a family
history of thyroid cancer and indeterminate nodules. Their test characteristics may be more
reflective of generally lower-risk populations, with fewer true positives and relatively more
true negatives (yielding lower sensitivity and higher specificity) when compared to our
high-risk tertiary care population. With respect to inter-rater agreement, ACR TI-RADS
performed with “moderate agreement” overall, with a kappa of 0.576 (0.447-0.705) in our
study. This inter-rater agreement level is less than that found in a study by Basha et. al

in adults, which yielded a kappa of 0.636 (0.507-0.766), considered one tier higher at
“substantial agreement;” however, the confidence intervals do overlap between our pediatric
and their adult cohorts indicating similar performance in adult and pediatric populations.19

For our study, surgical pathology results or clinical follow-up for non-surgical cases was
used as the reference standard because cytology alone does not always accurately predict
malignancy. One study looked at the predictive value of ACR TI-RADS in pediatric
populations and used surgical pathology when available or cytology as the reference
standard.20 For cytology, these authors classified Bethesda I, 11, 111 as benign and Bethesda
IV, V, and VI as malignant. They found only one false negative in a < 1 cm nodule and
defined TI-RADS 5 as their optimal cut-off for malignancy.2? Notably, whereas there is

no discreet guideline for adults with indeterminate cytology, those pediatric patients with
Bethesda 111 thyroid nodules are recommended to undergo surgical resection of their nodules
via lobectomy and isthmusectomy, as the risk of malignancy is between 8.3%-44%.17.21.22
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The decision to classify Bethesda I11 nodules as benign, malignant, or neither will also
influence the perceived performance of ACR TI-RADS.

Indeterminate cytology (Bethesda Il and IV) continues to create diagnostic challenges, as
these are the nodules with mixed features that are more likely to be misclassified. In adults,
indeterminate nodules may undergo repeat FNA or molecular testing to assess for gene
mutations prior to surgery. Molecular studies have not been as widely used in the pediatric
population, and at the present time it is uncertain how the results of molecular testing

will contribute to risk-stratification in children. Ultrasound characteristics may be helpful

in further delineating surgical versus observation cases. Dissimilar from prior studies, we
included nodules with Bethesda I11 or IV cytology in our analysis, and their inclusion can be
expected to influence validity measures accordingly. In our study, we found that more than
one-third (39.6%) of patients who underwent FNA had indeterminate cytology, representing
a significant portion of patients. In the pediatric population, surgery is recommended for all
Bethesda 111 nodules. Arora et. al found in a sample of 134 nodules that ACR TI-RADS was
able to identify low-risk Bethesda 111 nodules that could instead be observed.?! Likewise,
Cherella et. al sub-classified indeterminate pediatric nodules and noted the nuclear atypia
subtype was associated with an increased risk of malignancy; they proposed using the
presence or absence of nuclear atypia in a decision tree to determine the need for repeat
FNA prior to resection.23 However, resection remains the standard of care. Because ACR
TI-RADS underperformed for classifying indeterminate nodules (AUC: 0.541) compared
with other nodules (AUC: 0.882) (p = 0.002), observation alone remains questionable, and
this elucidates an area of necessary attention in future studies. At present, because surgery is
recommended for Bethesda I11 and 1V nodules, and ACR-TIRADS level performed poorest
in this group, we would not recommend deviating from the current recommendations. In the
current study, the reviewing radiologists were blinded to patient information, including FNA
results. However, quantifying improvements in diagnostic accuracy when FNA classification
is layered onto ACR TI-RADS level could be a target of future investigation.

There are a few limitations of our study. Although our study was conducted at a tertiary care
children’s hospital, there is still a relatively small sample size, with 115 nodules analyzed.
The literature that exists about pediatric thyroid nodules is consistently limited by smaller
sample sizes, generally ranging between 60-150 nodules, with only one article assessing
greater than 400 nodules.1-3:20-22.24 |t js apparent that multi-institutional collaboration will
be necessary to obtain a sizeable dataset that can match the statistical power of the adult
literature. Our sample population is biased, as patients with benign or low-risk nodules

are less likely to be referred to our institution and may instead follow with providers in

the community closer to home. As a result, we have a higher representation of malignant

or high-risk nodules in our study population. Our sample likely represents populations at
comparable institutions but should not be considered representative of the population of
pediatric thyroid nodules that a general or community otolaryngologist may evaluate. In
addition, patients for this study were identified based on surgical and pathology records

as opposed to screening all patients with thyroid ultrasounds during the time frame. This
may have increased the bias toward surgical cases. Although AUC suggested slightly better
performance for ACR TI-RADS when PTC nodules were examined separately from other
TC, the small number of nodules with non-PTC malignancies limited comparisons between
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pathologies. We are further limited by variability in ultrasound equipment over the 11-year
timeframe of this study, as well as variable technique and operator skill in obtaining
ultrasound images. However, all images were deemed adequate for interpretation at the
time of acquisition and all images were acquired by dedicated pediatric sonographers.

The results of this study can be used to inform and guide future investigations. Prospective
studies focused specifically on nodules with indeterminate cytology and nodules with
intermediate risk sonographically in the pediatric population are warranted. The significance
of additional features, including elastography and vascularization, is being studied in the
adult literature, as well as consideration for a weighted point system for ACR TI-RADS.2°
Similarly, exploration of these sonographic features as well as those unique to pediatric
patients, and consideration of adjusted weighted points, may contribute to a more accurate
grading system specific to this patient population.

CONCLUSION

In our tertiary-care center pediatric population, we found that ACR TI-RADS can

help distinguish between benign and malignant nodules with comparable sensitivity and
specificity to the adult population. The predictive value suggests that TI-RADS cannot by
itself direct clinical management, which is consistent with its utility in adult populations.
ACR TI-RADS should not function alone to risk stratify nodules but should instead be used
as an adjunct to history, physical exam, and cytology. In a pediatric population, which is
historically difficult to accurately risk-stratify and to optimize patient selection for surgery,
TI-RADS provides added value to ultrasound risk stratification for thyroid nodules.
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Regceiver operating characteristic (ROC) curve for the sensitivity and specificity of American
College of Radiology Thyroid Imaging Reporting and Data System (ACR TI-RADS) levels
to predict malignancy for nodules with ACR TI-RADS >4 (high-risk, red) compared with
ACR TI-RADS <4 (lower risk, blue).
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TABLE IV.
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Nodule Largest Dimension by Average American College of Radiology Thyroid Imaging Reporting and Data
System (ACR TI-RADS) Level.

ACR TI-RADSIevel Overall (N = 106) Nodule largest dimension (cm) Median (range)

0.5-1
1.5-2
2.5-3
3.5-4
4.5-5

1.1 (1.0-1.1)
3.0 (1.3-5.5)
2.1(0.3-8.5)
2.3(0.3-5.7)
2.6 (0.7-5.9)
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