
UCSF
UC San Francisco Previously Published Works

Title
Do Ultrasound Patterns and Clinical Parameters Inform the Probability of Thyroid Cancer 
Predicted by Molecular Testing in Nodules with Indeterminate Cytology?

Permalink
https://escholarship.org/uc/item/7j0483ph

Journal
Thyroid, 31(11)

ISSN
1050-7256

Authors
Figge, James J
Gooding, William E
Steward, David L
et al.

Publication Date
2021-11-01

DOI
10.1089/thy.2021.0119
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7j0483ph
https://escholarship.org/uc/item/7j0483ph#author
https://escholarship.org
http://www.cdlib.org/


Do Ultrasound Patterns and Clinical Parameters Inform
the Probability of Thyroid Cancer Predicted by Molecular

Testing in Nodules with Indeterminate Cytology?

James J. Figge,1 William E. Gooding,2 David L. Steward,3 Linwah Yip,4 Rebecca S. Sippel,5

Samantha Peiling Yang,6,7,i Randall P. Scheri,8 Jennifer A. Sipos,9 Susan J. Mandel,10 Sarah E. Mayson,11

Kenneth D. Burman,12 Jessica M. Folek,13 Bryan R. Haugen,11 Julie A. Sosa,14 Rajeev Parameswaran,15,16

Wee Boon Tan,15,16 Yuri E. Nikiforov,17 and Sally E. Carty4

Background: Molecular testing (MT) is commonly used to refine cancer probability in thyroid nodules with
indeterminate cytology. Whether or not ultrasound (US) patterns and clinical parameters can further inform the
risk of thyroid cancer in nodules predicted to be positive or negative by MT remains unknown. The aim of this
study was to test if clinical parameters, including patient age, sex, nodule size (by US), Bethesda category (III,
IV, V), US pattern (American Thyroid Association [ATA] vs. American College of Radiology Thyroid Image
Reporting and Data System [TI-RADS] systems), radiation exposure, or family history of thyroid cancer can
modify the probability of thyroid cancer or noninvasive follicular thyroid neoplasm with papillary-like nuclear
features (NIFTP) predicted by MT.
Methods: We studied 257 thyroid nodules in 232 patients from 10 study centers with indeterminate fine needle
aspiration cytology and informative MT results using the ThyroSeq v3 genomic classifier (TSv3). Univariate
and multivariate logistic regression was used for data analysis.
Results: The presence of cancer/NIFTP was associated with positive TSv3 results (odds ratio 61.39, p < 0.0001).
On univariate regression, patient sex, age, and Bethesda category were associated with cancer/NIFTP proba-
bility ( p < 0.05 for each). Although ATA ( p = 0.1211) and TI-RADS ( p = 0.1359) US categories demonstrated
positive trends, neither was significantly associated with cancer/NIFTP probability. A multivariate regression
model incorporating the four most informative non-MT covariates (sex, age, Bethesda category, and ATA US
pattern; Model No. 1) yielded a C index of 0.653; R2 = 0.108. When TSv3 was added to Model number 1, the C
index increased to 0.888; R2 = 0.572. However, age ( p = 0.341), Bethesda category ( p = 0.272), and ATA US
pattern ( p = 0.264) were nonsignificant, and other than TSv3 ( p < 0.0001), male sex was the only non-MT
parameter that potentially contributed to cancer/NIFTP risk ( p = 0.095). The simplest and most efficient clinical
model (No. 3) incorporated TSv3 and sex (C index = 0.889; R2 = 0.588).
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Conclusions: In this multicenter study of thyroid nodules with indeterminate cytology and MT, neither the
ATA nor TI-RADS US scoring systems further informed the risk of cancer/NIFTP beyond that predicted by
TSv3. Although age and Bethesda category were associated with cancer/NIFTP probability on univariate
analysis, in sequential nomograms they provided limited incremental value above the high predictive ability of
TSv3. Patient sex may contribute to cancer/NIFTP risk in thyroid nodules with indeterminate cytology.

Keywords: indeterminate cytology, logistic regression models, molecular testing, thyroid cancer, thyroid
nodules, thyroid ultrasound

Introduction

Thyroid nodules are detected by ultrasound (US) in as
many as two-thirds of asymptomatic persons (1,2).

While most clinically evaluated nodules are benign, 5–16%
harbor thyroid cancer (2–4). Clinical, demographic, and
ultrasonographic features have proven useful in selecting
nodules for fine-needle aspiration (FNA) biopsy (2,5).
Several US-based algorithms are commonly used for risk
stratification, including the American Thyroid Association
(ATA) sonographic risk stratification system for thyroid
nodules (6) and the American College of Radiology (ACR)
Thyroid Image Reporting and Data System (TI-RADS) (7).
Both algorithms account for nodule size and detailed
ultrasonographic characteristics, assigning a risk score
accordingly.

Thyroid FNA biopsy accurately classifies most nodules,
but a significant proportion (20–38%) lack specific cytologic
features for definitive classification (8,9). The Bethesda
System for Reporting Thyroid Cytopathology (10,11) in-
cludes three categories of indeterminate cytology: Bethesda
category III (atypia of undetermined significance or follicular
lesion of undetermined significance), which accounts for
about 10% of FNA results and has an institution-dependent
cancer rate of 6–48% (8); Bethesda category IV (follicular
neoplasm/suspicious for follicular or Hurthle cell neoplasm),
which accounts for about 10% of FNA results with a variable
thyroid cancer rate of 14–34% (8); and Bethesda category V
(suspicious for malignancy), which comprises 2–3% of FNA
results and has a 53–97% risk of malignancy (8). The un-
certainty associated with indeterminate cytopathology
greatly complicates patient management, as it often results in
unnecessary diagnostic surgery as only 10–40% of patients
undergoing surgery for a Bethesda III or IV nodule have
cancer on histology (12). Furthermore, diagnostic uncertainty
associated with indeterminate cytology can also necessitate
two-stage (reoperative completion) thyroidectomy if clini-
cally significant cancer is present on lobectomy (12). In
histologic analyses, noninvasive follicular thyroid neoplasm
with papillary-like nuclear features (NIFTP) is included in
the same category as thyroid cancer because it requires sur-
gery for definitive diagnosis (13).

Over the past two decades, great progress has been made in
elucidating the molecular landscape of thyroid cancer, and
this has set the stage for routine preoperative molecular
analysis of indeterminate FNA samples. The ThyroSeq v3
genomic classifier is a 112-gene test that can detect a broad
range of thyroid cancer-related point mutations, gene fusions,
copy number alterations, insertions, deletions, and gene ex-
pression alterations (14). Its clinical validation was recently
defined in a prospective blinded multicenter study that

demonstrated a high sensitivity (94%) and reasonably high
specificity (82%) in classifying Bethesda III or IV indeter-
minate thyroid nodules as benign versus cancer/NIFTP
(15,16). In short-term follow-up, its clinical utility was re-
cently demonstrated to quadruple the surgical yield of cancer,
identifying all potentially aggressive malignancies and safely
triaging >80% of ThyroSeq v3-negative patients to nonop-
erative surveillance (17).

Today, several types of molecular testing (MT) are com-
monly used to refine cancer/NIFTP probability in indeter-
minate thyroid nodules, although all of the available tests
have limitations and do not provide 100% accuracy in clas-
sifying such nodules as benign or malignant. Moreover, MT
is not available or feasible in all practice settings. In this
study, we took advantage of the availability of a large cohort
of patients with indeterminate thyroid cytology analyzed by
ThyroSeq v3 in a recent multicenter study (15) to examine if
readily available clinical, cytologic, and radiologic parame-
ters are independently associated with the probability of
same-nodule histologic thyroid cancer/NIFTP. We then
systematically compared the relative contributions of the
identified covariates in several novel clinical models.

Materials and Methods

This study was a post hoc exploratory data analysis with
sequential statistical modeling. It utilized the previously de-
scribed data set from the prospective, double-blind ThyroSeq
v3 clinical validity trial (15), which was composed of 257
thyroid nodules from patients aged 18 years or older who
were managed at 10 study centers with FNA results yielding
indeterminate cytology (154 Bethesda III, 93 Bethesda IV,
and 10 Bethesda V), informative MT results using the
ThyroSeq v3 genomic classifier, and surgical outcome
available for all patients (15). Importantly, the decision to
manage these nodules surgically was made based on routine
clinical algorithms used at each study center, as the results of
MT were not available at the time of patient surgery (15).
Furthermore, the study centers did not utilize prior versions
of ThyroSeq nor other molecular tests to assist with surgical
decision-making.

The study was approved by the University of Pittsburgh
Medical Center Institutional Review Board (No.
PRO14030694) and by the respective review boards at all
participating study centers. For analysis, the previously co-
ded data on patient age, sex, nodule size by US, and Bethesda
category (III, IV, or V) were accessed for each participating
center, and additional covariate data were retrieved post hoc,
including personal history of radiation exposure, family
history of thyroid cancer, and US pattern. Specifically, the US
images were reviewed at each study center to assign the ATA
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(6) and TI-RADS (7) risk categories for each nodule as de-
scribed in Supplementary Table S1. TI-RADS scores were
assigned by having the reviewers enter a nodule’s sono-
graphic characteristics into a computational tool, and the
points associated with each feature were totaled. As in
Steward et al. (15), ThyroSeq v3 results were coded as pos-
itive or negative for cancer/NIFTP, and cases with NIFTP
were counted in the same category as cancer.

Statistical analysis

Univariate logistic regression was initially used to study
each covariate. Those that were most strongly associated with
thyroid malignancy/NIFTP were further assessed using
multivariate logistic regression. All analyses assumed that
nodules are independent, including multiple nodules from the
same individual.

An initial multivariate logistic regression model was then
created using all covariates except ThyroSeq v3 that were asso-
ciated with malignancy or NIFTP in univariate analysis. Those
covariates that retained their association with malignancy/
NIFTP in a multivariate model were retained as Model
number 1. The results of ThyroSeq v3 were introduced into
Model 1 to create Model number 2. Model number 3 selected
covariates based on explained variation rather than using
predetermined criteria and was considered to be a parsimo-
nious model. Multivariate model covariates were selected by
Akaike’s information criteria to balance fit and complexity.
Models were summarized with the C index (equivalent to the
area under a receiver operating characteristic curve) and
R2, the proportion of total variation explained by the model.
The C index and R2 were internally cross-validated with 200
bootstrap samples.

In a set of secondary analyses, each of three covariates
(ATA US risk category, TI-RADS US risk category, and
Bethesda category) was tested for its association with
ThyroSeq v3 positivity. For the US patterns, an exact Co-
chran/Armitage trend was used to assess whether the pro-
portion with positive ThyroSeq v3 determinations differed
by risk category and whether an upward trend was signifi-
cant. Fisher’s exact test was used to determine whether
there was an association between increasing Bethesda
category and the proportion of positive ThyroSeq v3
determinations.

Results

Initial data review revealed that the radiation exposure
status for many of the patients was unknown or unclear as to
age and latency time from radiation to cancer onset, and so,
this parameter was removed from further analysis. Among
the 232 study patients with 257 nodules (Table 1), 80% of
patients were female, the median age was 53 years (range 18–
90), and the median nodule size was 2.1 cm (mean nodule
size 2.4 cm; interquartile range 1.5–3.1 cm; maximum nodule
size 7 cm; minimum 0.5 cm). Bethesda III was the most fre-
quent cytologic category (60%) followed by Bethesda IV
(36%), with the remaining 4% of nodules having Bethesda V
cytology. Fifty-nine percent of nodules had negative Thyro-
Seq v3 results, and after surgery 70% had benign histology.
The distribution of the ATA and TI-RADS US risk categories
for the study cohort is shown in Table 1.

Univariate logistic regression

Clinical parameters were evaluated to determine their in-
dividual association with thyroid cancer/NIFTP using uni-
variate logistic regression (Table 2). In this cohort of thyroid
nodules with indeterminate FNA cytology that were managed
surgically, only patient sex, age, Bethesda category, and
ThyroSeq v3 were significantly associated with thyroid can-
cer/NIFTP probability ( p < 0.05 for each). Although the ATA
( p = 0.1211) and TI-RADS ( p = 0.1359) US risk groups
demonstrated modest positive trends, neither was significantly
associated with cancer/NIFTP probability. However, the ATA
US risk groups demonstrated a more continuous progressively
increasing trend (Fig. 1), and so, ATA was more appropriate
than TI-RADS for inclusion in multivariate models.

The ThyroSeq v3 result dominated the performance of the
other parameters, with an odds ratio (OR) of 61.39
( p < 0.0001).

Male sex (OR 2.48; p = 0.0053) and Bethesda category V
(OR 5.72; p = 0.0003) were significantly associated with an
increased thyroid cancer/NIFTP risk, and age demonstrated a

Table 1. Characteristics of the Study Cohort

N (%)

Patient characteristics (N = 232)
Gender

Male 46 (20)
Female 186 (80)

Age
Median 53
IQR 42:62
Range 18–90

Family history 14 (6)

Nodule characteristics (N = 257)
Nodule size

Median 2.1
IQR 1.5–3.1

Bethesda category
III 154 (60)
IV 93 (36)
V 10 (4)

Consensus diagnosis group
Benign 181 (70)
NIFTP 11 (4)
Malignant 65 (25)

ThyroSeq v3 results
Positive 105 (41)
Negative 152 (59)

ATA US pattern
Very low suspicion 21 (8)
Low suspicion 125 (49)
Intermediate suspicion 87 (34)
High suspicion 22 (9)

TI-RADS score
TR1—benign 12 (5)
TR2—not suspicious 20 (8)
TR3—mildly suspicious 104 (40)
TR4—moderately suspicious 100 (39)
TR5—highly suspicious 21 (8)

ATA, American Thyroid Association; IQR, interquartile range;
NIFTP, noninvasive follicular thyroid neoplasm with papillary-like
nuclear features; TI-RADS, Thyroid Image Reporting and Data
System; US, ultrasound.
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nonlinear risk profile (OR = 0.78; p = 0.0314), in that age-
dependent risk showed a decline until about age 55 years and
then leveled off thereafter.

Multivariate logistic regression model number 1

This multivariate logistic regression model incorporated
the four parameters found to have the strongest association
with cancer/NIFTP risk in univariate analysis other than
ThyroSeq v3, which were patient sex, age, Bethesda cate-
gory, and ATA US patterns (Model No. 1) and yielded a
cross-validated C index of 0.653; R2 was 0.108. The contri-

bution of each parameter to the overall performance of Model
number 1 is shown in Table 3 and Figure 2. In this model,
patient sex, age, and Bethesda category were significantly
associated with thyroid cancer/NIFTP probability ( p < 0.05
for each). The ATA US patterns demonstrated a positive
trend ( p = 0.098) that was modest in extent.

Male sex (OR 2.57; p = 0.008) and Bethesda category V
(OR = 4.36; p = 0.004) were significantly associated with in-
creased risk of thyroid cancer/NIFTP, and age demonstrated
a nonlinear risk profile (OR = 0.66; p = 0.013), with can-
cer/NIFTP risk declining until age 55 years and leveling off
thereafter.

Table 2. Univariate Effect of Covariates on the Prediction of Malignancy/Noninvasive Follicular

Thyroid Neoplasm with Papillary-like Nuclear Features

Covariate Reference Odds ratio [CI] p

Gender Male:female 2.48 [1.31–4.68] 0.0053
Age 62:42 0.78 [0.53–1.16] 0.0314
Family history Yes:no 1.62 [0.55–4.72] 0.3787
Nodule size 3.1:1.5 1.19 [0.83–1.70] 0.3389
Bethesda category V:III 5.72 [2.23–14.65] 0.0003
ATA US patterns High suspicion:low suspicion 1.74 [0.86–3.55] 0.1211
ACR TI-RADS Highly suspicious:mildly suspicious 1.59 [0.86–2.92] 0.1359
ThyroSeq v3 Positive:negative 61.39 [23.02–163.67] <0.0001

The reference column refers to the range of reference values over which the odds ratio is calculated. A:B signifies that the reported odds
ratio is for A relative to B. For example: the odds of malignancy of Bethesda category V compared with BC III are 5.72. The odds of
malignancy for ATA high suspicion relative to low suspicion are 1.74.

ACR, American College of Radiology; CI, 95% confidence interval.

FIG. 1. Proportion of observed malignant nodules or NIFTP with 95% confidence intervals by ATA ultrasound pattern
(A) and TI-RADS score (B). Although the ATA ( p = 0.1211) and TI-RADS ( p = 0.1359) ultrasound risk groups demon-
strated modest positive trends, neither was significantly associated with cancer/NIFTP probability. However, the ATA
ultrasound risk groups demonstrated a more continuous progressively increasing trend, rendering ATA more appropriate
than TI-RADS for inclusion in multivariate models. ATA, American Thyroid Association; NIFTP, noninvasive follicular
thyroid neoplasm with papillary-like nuclear features; TI-RADS, Thyroid Image Reporting and Data System.
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A potential clinical prediction nomogram based on Model
number 1 (without MT) is illustrated in Figure 3. This no-
mogram incorporates information about patient sex, age,
Bethesda category III–V, and the ATA US pattern. Points are
accumulated based on the value of each clinical parameter,
and the probability of thyroid malignancy/NIFTP is deter-
mined by comparing the total points against the probability
scale at the bottom of the diagram.

Multivariate logistic regression model number 2

When ThyroSeq v3 was added to Model number 1, the
association with thyroid cancer/NIFTP significantly im-
proved as the cross-validated C index increased to 0.888;
R2 = 0.572 (Table 4). However, patient age (OR = 0.75;
p = 0.341), Bethesda category (OR = 2.12; p = 0.272), and the
ATA US patterns (OR = 1.86; p = 0.264) became redundant
and had limited incremental information content in compar-
ison with ThyroSeq v3 (OR = 51.94; p < 0.0001), which
dominated the overall performance of the model. Patient sex
was the only parameter showing tendency for significance
beyond that of MT (OR = 2.31; p = 0.095).

A proposed clinical prediction nomogram based on Model
number 2 (with MT) is illustrated in Figure 4. This nomogram
incorporates information about patient sex, age, Bethesda
category III–V, the ATA US pattern, and the ThyroSeq v3
results (positive/negative).

Multivariate logistic regression model number 3

In this model, covariates were selected from all available
candidates (clinical, demographic, molecular), with the goal
being to create a model with few parameters but high pre-
dictive potential. The two most informative covariates from
Model number 2, ThyroSeq v3 and sex, were retained to
comprise Model number 3 (Table 5). Model 3 showed better
discrimination potential with a cross-validated C index of
0.889 and R2 = 0.588, achieving a higher C index with fewer
variables. Sex showed a weak contribution (OR = 2.30;
p = 0.078), whereas ThyroSeq v3 again dominated the per-
formance of the model (OR = 60.56; p < 0.0001). This model
provided a highly accurate association with thyroid can-
cer/NIFTP in nodules with indeterminate cytology using the
smallest variable input.

A proposed clinical prediction nomogram based on Model
number 3 is illustrated in Figure 5. This nomogram incor-
porates information about sex and the ThyroSeq v3 results
(positive/negative).

Secondary analyses

Despite suggestive upward trends, neither the ATA US
risk categories ( p = 0.234) nor the TI-RADS summa-
tion categories ( p = 0.672) differed in the proportion of
nodules with ThyroSeq v3 positivity (Supplementary
Fig. S1). In contrast, the Bethesda categories demonstrated

Table 3. Multivariate Logistic Regression Model Number 1 (Without ThyroSeq v3) for Prediction

of Thyroid Malignancy/Noninvasive Follicular Thyroid Neoplasm with Papillary-like Nuclear Features

Covariate Reference Odds ratio [CI] p

Gender Male:female 2.57 [1.28–5.19] 0.0083
Age 62:42 0.66 [0.43–1.01] 0.0127
Bethesda category V:III 4.36 [1.62–11.73] 0.0036
ATA US patterns High suspicion:low suspicion 1.92 [0.89–4.14] 0.0981

Model number 1 yielded a cross-validated C index of 0.653; R2 = 0.108.

FIG. 2. Effects of model 1
covariates expressed as
probability of malignan-
cy/NIFTP. The relative con-
tribution of each of the 4
covariates comprising model
1 (gender, age, Bethesda
category, and ATA ultra-
sound pattern) is expressed
as probability of malignan-
cy/NIFTP. For ATA ultra-
sound pattern (bottom right);
HghS, high suspicion; IntS,
intermediate suspicion; LwS,
low suspicion; VeLS, very
low suspicion.
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a significant positive association with the proportion of
positive ThyroSeq v3 determinations ( p = 0.0006, Supple-
mentary Table S2).

Discussion

Under the clinical care paradigm(s) that are standard today
(12), US is typically used to select thyroid nodules for FNA,
and when cytology is reported as indeterminate, MT is often
used to triage patients to either surgery or surveillance
(12,17–24). However, whether clinical characteristics can
further refine cancer probability predicted by MT in nodules
with indeterminate cytology remains unknown. Furthermore,
since MT is not available in certain clinical settings, it is
important to determine whether commonly available clinical,
cytologic, and/or US findings can augment or substitute for
MT in predicting the presence of cancer/NIFTP in cytologi-
cally indeterminate thyroid nodules. The results of this study
demonstrate that among nodules selected for FNA that yield
indeterminate cytology, MT is much more informative than
all other examined parameters, which do not contribute to
improved cancer/NIFTP risk stratification in such nodules.
The only possible exception to this is male sex, which showed

a trend toward association with thyroid cancer/NIFTP risk in
addition to MT results. Furthermore, the findings of this study
suggest that while US patterns are highly informative in se-
lecting nodules for FNA, they are less helpful for further
predicting cancer/NIFTP after the nodule was diagnosed as
indeterminate on FNA cytology.

Although thyroid cancer occurs more frequently in fe-
males, male sex is a known risk factor for thyroid cancer in a
given nodule (2,5), but its prognostic significance for thyroid
cancer aggressiveness has been questioned (25). In this study,
we observed that male sex was strongly associated with
cancer/NIFTP on univariate analysis, and on multivariate
analysis that included ThyroSeq v3, male sex was the only
clinical factor with a tendency to provide additive value. Using
Model 3 as an example (nomogram in Fig. 5), the probability
of malignancy for a ThyroSeq v3-positive female is about 0.65
and for a ThyroSeq v3-positive male is about 0.8; for a
ThyroSeq v3-negative patient, the corresponding probabilities
are 0 and 0.1. In short, the observed findings suggest that male
sex is associated with a higher risk of cancer/NIFTP irre-
spective of MT results. Clinically this could be interpreted to
prompt closer surveillance for men who do not undergo sur-
gery, and it certainly bears further investigation.

FIG. 3. Clinical prediction nomogram based on model 1. Model 1 uses 4 covariates: gender, age, Bethesda category, and
ATA ultrasound pattern, to predict the probability of a malignant nodule or NIFTP. Points are accumulated based on the
value of each clinical parameter; the probability of malignancy/NIFTP is determined by comparing the total points against
the probability scale at the bottom of the diagram. The nomogram is applicable to thyroid nodules 0.5–7 cm in diameter with
indeterminate cytology. The predictions for patient age <18 years are extrapolated; hence, the nomogram is most appro-
priate for patients age 18 years and older.

Table 4. Multivariate Logistic Regression Model Number 2 (with ThyroSeq v3) for Prediction of Thyroid

Malignancy/Noninvasive Follicular Thyroid Neoplasm with Papillary-like Nuclear Features

Covariate Reference Odds ratio [CI] p

Gender Male:female 2.31 [0.86–6.16] 0.0948
Age 62:42 0.75 [0.43–1.32] 0.3407
Bethesda category V:III 2.12 [0.56–8.05] 0.2720
ATA US patterns High suspicion:low suspicion 1.86 [0.62–5.52] 0.2641
ThyroSeq v3 Positive:negative 51.94 [19.23–140.3] <0.0001

Model number 2 yielded a cross-validated C index of 0.888; R2 = 0.572.
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In the absence of molecular data, some experts have con-
jectured that clinical data and US patterns could suffice to
determine whether indeterminate thyroid nodules can be
monitored or require surgery (26–32). However, analysis
(Model No. 1) demonstrates that the four most informative
parameters other than MT (patient sex, age, Bethesda cate-
gory, and ATA US patterns), when combined, are insuffi-
ciently accurate to predict malignancy in routine clinical use.
The cross-validated C index for Model 1 was only 0.653. It is
generally accepted that a model should have a C index of at
least 0.700 for clinical use, and a C index of 0.800 or more is
preferable. Hence, we cannot recommend Model 1 for clin-
ical use. In contrast, when MT was added to Model 1, the
cross-validated C index increased to 0.888 (Model 2).

A recent meta-analysis of US risk stratification systems
found that the ACR TI-RADS had a higher performance than
other systems in selecting nodules for FNA (33), with a di-
agnostic OR of 4.9. In comparison, the diagnostic OR of the
ATA US patterns was 3.1. A recent retrospective study of 463
Bethesda III and IV nodules with complete data reported

significant correlations of ATA US patterns with thyroid
cancer/NIFTP risk ( p < 0.001), with an OR of 5.18 when
ATA low- and intermediate-risk groups were pooled and
compared with ATA high-risk groups (26). Here, however,
we observed that in indeterminate-cytology nodules, the
ATA/TI-RADS US patterns, although demonstrating modest
positive trends (Fig. 1), were not further associated with
malignancy/NIFTP independently of MT. Whether these
trends would become statistically significant with a larger
sample size would be an important question for further study.
Although the ATA system performed slightly better than the
ACR TI-RADS in our group of indeterminate cytology
nodules, neither factor was observed to be a significant de-
terminant. Similarly, Capezzone et al. (34), in a surgical se-
ries of 73 indeterminate thyroid nodules, found a higher rate
of malignancy in nodules with EU-TIRADS 4–5 US patterns
versus nodules with EU-TIRADS 2–3 US scores; however,
the difference was not statistically significant ( p = 0.10). The
authors conjectured that the small sample size might have
limited the statistical significance of the findings.

Limitations

This study has several limitations, including its post hoc
nature; however, the research question was carefully
framed before data analysis was undertaken. In addition,
although the US images were read by experts at each study
center, no central review of the images was performed;
hence, the results could be impacted by interobserver var-
iability. We attempted to mitigate classification errors by
having the study centers enter the characteristics of each
nodule into a systematic data table that accurately assigned
a TI-RADS risk score based on the nodule’s radiologic
characteristics. In addition, as noted above, the lack of

FIG. 4. Clinical prediction nomogram based on model 2. Model 2 reuses the four covariates of model 1: gender, age,
Bethesda category, and ATA ultrasound pattern, but adds ThyroSeq v3 results to predict the probability of a malignant
nodule or NIFTP. Points are accumulated based on the value of each clinical parameter; the probability of malignan-
cy/NIFTP is determined by comparing the total points against the probability scale at the bottom of the diagram. Note that a
positive ThyroSeq v3 result alone contributes 100 points. The nomogram is applicable to thyroid nodules 0.5–7 cm in
diameter with indeterminate cytology. The predictions for patient age <18 years are extrapolated; hence, the nomogram is
most appropriate for patients age 18 years and older.

Table 5. Multivariate Logistic Regression Model

Number 3 (with ThyroSeq v3) for Prediction

of Thyroid Malignancy/Noninvasive Follicular

Thyroid Neoplasm with Papillary-like

Nuclear Features

Covariate Reference Odds ratio [(CI] p

Gender Male:female 2.30 [0.91–5.83] 0.0781
ThyroSeq

v3
Positive:negative 60.56 [22.56–162.59] <0.0001

Model number 3 yielded a cross-validated C index of 0.889;
R2 = 0.588.
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observed significance for male sex may relate to under-
powering. An attempt was made to compensate for the
small sample size by including parameters that showed
promising trends, such as the ATA US patterns—for which
the small sample size could have impacted significance,
especially for the more extreme US categories for both TI-
RADS (TR1, TR2, and TR5) and ATA (very low and high
suspicion) classifications. In future studies, it will be im-
portant to study the interaction of specific types of molec-
ular alterations with clinical parameters in predicting
malignancy/NIFTP; with larger case numbers, the specific
types of molecular alterations, such as RAS point mutations,
could be independently analyzed. Finally, the proposed
clinical prediction nomograms presented in this report
(Figs. 3–5) should be prospectively validated against in-
dependent data in future clinical studies.

Conclusions

In summary, neither of the scoring systems, ATA US or the
TI-RADS, was informative for association with thyroid
cancer/NIFTP in thyroid nodules after the FNA cytology was
read as indeterminate. Although patient age and Bethesda
category were associated with thyroid cancer/NIFTP proba-
bility on univariate analysis, they had no independent in-
cremental value above the high potential predictive ability of
ThyroSeq v3. Generation of several clinical models demon-
strated that sex was the only parameter with potential con-
tribution to prediction of thyroid cancer/NIFTP in addition to
MT results.
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