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Simple Summary: Ultrasound (US) malignancy risk stratification systems (RSS) for cervical lymph
nodes (LNs) have not been fully established in patients with thyroid cancer. In this study, we assessed
the malignancy risks of each US feature and risk category from the Korean Society of Thyroid
Radiology (KSThR) and the European Thyroid Association (ETA). Both systems effectively classified
malignancy risks; however, 15.1% of LNs were unclassifiable in ETA RSS. Suspicious US features
of hyperechogenicity, cystic change, echogenic foci, and abnormal vascularity were independently
associated with metastasis. When the primary tumor characteristics were assessed, tumor multiplicity
was associated with metastasis in the indeterminate LN group. We refined this system and proposed
an RSS based on the KSThR system for cervical LNs in patients with thyroid cancer.

Abstract: A malignancy risk stratification system (RSS) for cervical lymph nodes (LNs) has not been
fully established. This study aimed to validate the current RSS for the diagnosis of cervical LN
metastasis in thyroid cancer. In total, 346 LNs from 282 consecutive patients between December 2006
and June 2015 were included. We determined the malignancy risk of each ultrasound (US) feature
and performed univariable and multivariable logistic regression analyses. Each risk category from
the Korean Society of Thyroid Radiology (KSThR) and the European Thyroid Association (ETA) was
applied to calculate malignancy risks. The effects of size, number of suspicious features, and primary
tumor characteristics were analyzed to refine the current RSS. Suspicious features including echogenic
foci, cystic change, hyperechogenicity, and abnormal vascularity were independently predictive of
malignancy (p ≤ 0.045). The malignancy risks of probably benign, indeterminate, and suspicious
categories were 2.2–2.5%, 26.8–29.0%, and 85.8–87.4%, respectively, according to the KSThR and
ETA criteria. According to the ETA criteria, 15.1% of LNs were unclassifiable. In indeterminate
LNs, multiplicity of the primary tumor was significantly associated with malignancy (odds ratio,
6.53; p = 0.004). We refined the KSThR system and proposed a US RSS for LNs in patients with
thyroid cancer.

Keywords: lymph nodes; risk; thyroid cancer; ultrasonography

1. Introduction

Differentiated thyroid carcinoma (DTC) is characterized by relatively indolent clinical
and biological characteristics. However, DTC, especially papillary thyroid carcinoma (PTC),
is frequently accompanied by cervical lymph node (LN) metastasis at the time of diagnosis
(approximately 30–80%) [1,2]. In these patients, residual metastatic LNs represent the
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most common site of persistent disease or recurrence following incomplete resection [3,4].
Therefore, the completeness of surgical resection is one of the most important determinants
of patient outcome. In this regard, an accurate preoperative diagnosis of cervical LN
metastasis is necessary to reduce the chance of repetitive surgery, which is associated with
a higher risk of postoperative complications [4–6].

Ultrasonography (US) is considered the imaging modality of choice for preoperative
diagnosis and localization of LN metastasis in patients with thyroid cancer [6–9]. US plays
a critical role in assessing the malignancy risk of thyroid nodules and LNs, the decision
to perform US-guided biopsy, and management decisions after biopsy. The accurate
identification of small but overt nodal metastases is becoming increasingly important, as
active surveillance is considered an important alternative to immediate surgery in patients
with papillary thyroid microcarcinoma [10].

To this end, two international societies, the European Thyroid Association (ETA) [11]
and the Korean Society of Thyroid Radiology (KSThR) [12,13], proposed US-based risk
stratification systems (RSSs) for cervical LNs to provide optimized management recommen-
dations for imaging-detected LNs. Although they share similar three-tiered classification
systems of “(probably) benign,” “indeterminate,” and “suspicious” for risk stratification,
these classifications show differences in the details of US lexicons and categories. Despite
the importance of these guidelines, they have not been fully validated, and some areas of
uncertainty remain, including the malignancy risks in each lexicon and category.

With the development of guidelines and their widespread use, the role of US in
assessing LNs has been further emphasized, and this background necessitates the validation
of these US lexicons and RSSs. Therefore, this study aimed to determine the predictive
value of suspicious US features and RSSs provided by the KSThR and ETA guidelines and
to propose an RSS for LNs in preoperative patients with thyroid cancer [11–13].

2. Results
2.1. Baseline Characteristics of the Study Population

Of the 346 LNs, 155 (44.8%) and 191 (55.2%) were benign and malignant, respectively.
In total, 339 LNs were from PTC, one from follicular carcinoma, three from medullary
carcinoma, and three from anaplastic thyroid carcinoma. The mean long diameter (LD) of
the index tumor was 11.8 (range, 2.0–52.0) mm. The mean short diameter (SD) and LD of
the LNs were 6.0 (range, 2.2–29.1) mm and 10.3 (range, 3.2–49.7) mm, respectively. The
demographic data based on each diagnostic criterion for all LN are provided in Table 1.
The LD (p = 0.004) and SD (p < 0.001) of malignant LNs were significantly larger than those
of benign LNs. The nodal stations of malignant LNs were significantly different from those
of benign LNs, in which malignant LNs were less frequently observed in levels II and V
and more frequently observed in level VI than benign LNs (p = 0.001).

2.2. Malignancy Risk Based on Each Ultrasound (US) Feature

Table 2 shows the differences between the US features of the malignant and benign
LNs. All US features, except nonparallel orientation (p = 0.268), were significantly more
frequently observed in malignant LNs than in benign LNs (p ≤ 0.005). Table 2 summarizes
the malignancy risk and associations between the US features and malignant LNs. All
suspicious US features, including echogenic foci (EF) (both punctate EF and large EF),
hyperechogenicity, cystic change, and abnormal vascularity showed a high malignancy
risk greater than 84%. The eccentric hilum showed the lowest malignancy risk (14.3%),
followed by the loss of the hilum (68.0%). In univariable logistic regression analysis, all
features, except nonparallel orientation, showed a significant association with malignancy.
However, the presence of EF (odds ratio [OR], 2.6; 95% confidence interval [CI], 1.01–7.48;
p = 0.045), hyperechogenicity (OR, 11.85; 95% CI, 4.4–31.9; p < 0.001), cystic change (OR,
22.91; 95% CI, 2.78–189.1, p = 0.004), and abnormal vascularity (OR, 1.99; 95% CI, 1.15–3.44;
p = 0.014) were the only features independently associated with malignancy.
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Table 1. Demographic and clinical characteristics of patients and lymph nodes (LN).

Parameter Benign Malignant p

No. of patients 127 155 -
No. of female patients, N (%) 95 (74.8%) 115 (74.2%) 0.951
Age at diagnosis (years) 45.7 ± 12.0 47.5 ± 15.0 0.209
No. of LNs 155 191 -
Method of diagnosis 0.098
FNA 133 (85.8%) 157 (82.2%)
CNB 30 (19.4%) 22 (11.6%)
Both 3 (1.9%) 13 (6.8%)
Mean maximal size of largest primary tumor 9.7 ± 6.5 11.7 ± 7.9 0.214
Mean maximal size of LN 9.4 ± 4.4 11.1 ± 6.7 0.004
Mean SD of LN 4.6 ± 2.0 7.1 ± 4.3 <0.001
Laterality respect to the largest primary tumor 0.066
Ipsilateral 125 (80.6%) 167 (88.4%)
Contralateral 30 (19.4%) 22 (11.6%)

Location 0.001
Level I 2 (1.3%) 0 (0.0%)
Level II 30 (19.4%) 17 (8.9%)
Level III 41 (26.5%) 54 (28.3%)
Level IV 61 (39.4%) 85 (44.5%)
Level V 7 (4.5%) 2 (1.0%)
Level VI 8 (5.1%) 27 (14.1%)
Supraclavicular fossa 6 (3.9%) 6 (3.1%)

LN, lymph node; FNA, fine-needle aspiration; CNB, core needle biopsy; SD, short diameter.

Table 2. Malignancy risk of US features and their association with malignancy.

Malignancy Risks Univariable * Multivariable *

US Features All (N, %) No. of Malignant
LNs (%)

Malignancy
Risk (%)

Crude OR
(95% CI) p Adjusted OR

(95% CI) p

Any echogenic foci 133 (38.4) 117 (61.3) 88.0 12.7 (7.0, 22.9) <0.001 2.6 (1.0, 7.5) 0.045

Punctate echogenic foci 122 (35.3) 110 (57.6) 90.2 15.0 (7.8, 28.8) <0.001

Large echogenic foci 25 (7.2) 21 (11.0) 84.0 4.4 (1.5, 13.2) 0.008

Hyperechogenicity 148 (42.8) 133 (69.6) 89.8 18.0 (10.3, 35.0) <0.001 11.9 (4.4, 31.9) <0.001

Cystic change 62 (17.9) 60 (31.4) 96.8 33.1 (7.9, 138.1) <0.001 22.9 (2.8, 189.1) 0.004

Abnormal vascularity 86 (24.9) 77 (40.3) 87.1 2.6 (1.8, 3.7) <0.001 2.0 (1.2, 3.4) 0.014

Loss of hilum 259 (74.9) 175 (91.6) 68.0 7.6 (0.9, 12.5) <0.001

Eccentric hilum ** 21 (6.1) 3 (1.6) 14.3

Round shape (L/S ratio < 2.0) 229 (66.2) 156 (81.7) 68.6 4.5 (2.8, 7.3) <0.001

Round shape (L/S ratio < 1.5) 106 (30.6) 82 (42.9) 77.4 3.8 (2.3, 6.5) <0.001 2.1 (0.9, 5.0) 0.107

LD > 10.7 mm *** 108 (31.2) 74 (38.7) 71.3 2.5 (1.6, 4.1) <0.001

SD > 5.4 mm *** 147 (42.5) 113 (59.2) 76.9 5.4 (3.3, 8.7) <0.001

Nonparallel 12 (3.5) 9 (4.7) 75.0 2.4 (0.6, 9.0) 0.198

Irregular shape 36 (10.4) 33 (17.3) 91.7 10.1 (3.0, 33.5) <0.001

Note—US, ultrasound; OR, odds ratio; LN, lymph node; L/S ratio, long to short diameter ratio; LD, long diameter;
SD, short diameter. * Binary logistic regression analysis. ** In LNs with hilum present, n = 87. *** Calculated based
on the Youden index in area under the receiver operating characteristics curve.

2.3. Malignancy Risk According to US Classification

Table 3 demonstrates the malignancy risks of LNs stratified by KSThR and ETA RSSs.
The overall malignancy rates in the probably benign, indeterminate, and suspicious KSThR
categories were 2.5% (95% CI, 0.3–9.0), 29.0% (95% CI, 17.7–44.8), and 85.8% (95% CI,
73.3–99.7), respectively. The malignancy risk was significantly different between each LN
category of KSThR (p < 0.001, respectively).
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Table 3. Demographic and clinical characteristics of patients and lymph nodes (LN).

Classification All, n (%) Benign, n (%) Malignant, n (%) Malignancy
Risk (%)

KSThR

Probably benign 80 (23.1%) 78 (50.3%) 2 (1.0%) 2.5
Indeterminate 69 (19.9%) 49 (31.6%) 20 (10.5%) 29.0

Suspicious 197 (56.9%) 28 (18.1%) 169 (88.5%) 85.8

ETA

Normal 46 (13.3%) 45 (29.0%) 1 (0.5%) 2.2
Unclassified 53 (15.3%) 45 (29.0%) 8 (4.2%) 15.1

(1) Normal hilum + round shape 5 (1.4%) 5 (3.2%) 0 (0%) 0%
(2) Normal hilum + increased size 17 (4.9%) 16 (10.3%) 1 (0.5%) 5.9%
(3) Absent hilum + oval shape +

normal size, no central vascularity 31 (9.0%) 24 (15.5%) 7 (3.7%) 22.6%

Indeterminate 56 (16.2%) 41 (26.5%) 15 (7.9%) 26.8
Suspicious for malignancy 191 (55.2%) 24 (15.5%) 167 (87.4%) 87.4

Note—KSThR, Korea Society of Thyroid Radiology; ETA, European Thyroid Association. Comparison of malig-
nancy risks. KSThR: Benign vs. indeterminate, p < 0.001, indeterminate vs. suspicious, p < 0.001. ETA: normal
vs. unclassified all, p = 0.04; normal vs. unclassified (1) + (2), p = 0.647; normal vs. unclassified (3), p = 0.009;
indeterminate vs. unclassified (3), p = 0.730; unclassified all vs. indeterminate, p = 0.192; indeterminate vs.
suspicious for malignancy, p < 0.001

According to the ETA criteria, the categories of normal, indeterminate, and suspi-
cious for malignancy showed malignancy risks of 2.2% (95% CI, 0.1–12.1), 26.8% (95% CI,
6.5–29.7), and 87.4% (95% CI, 74.7–101.8), respectively, which were similar to the KSThR cat-
egories. When the LNs were categorized according to the ETA criteria, 53 (15.3%) LNs were
not classified into any category. Unclassified LNs with normal hilum showed (1) slightly
higher but similar malignancy risk as the normal LN category, while unclassified LNs
with absent hilum showed (2) a similar malignancy risk as the indeterminate LN category.
These unclassified LNs could be further stratified into two categories according to their
malignancy risks: (1) LNs with normal hilum and either round shape or increased size
(malignancy risk, 0–4.5%) and (2) LNs with absent hilum, oval shape, normal size, and no
increased vascularity (malignancy risk, 22.6%).

2.4. Malignancy Risk of Suspicious Lymph Nodes (LNs) According to Nodal Size and Number of
Suspicious Features

Table 4 shows the malignancy risk of suspicious LNs according to the size and number
of suspicious US features. The malignancy risk of suspicious LNs in each size threshold
group was similar among different size thresholds. The malignancy risk of LNs smaller than
3 mm in SD was similar to that of larger LNs. Despite no statistically significant difference,
the risk of malignancy tended to be higher with an increasing number of suspicious features.
Supplementary Table S1 shows the frequency of each suspicious feature according to the
number of suspicious US features.

2.5. Association of Nodal Size (Diameter), Shape, and Primary Tumor Characteristics with
Malignancy in the LN Groups

Table 5, Supplementary Tables S2 and S3 show the association of primary and nodal
characteristics with malignancy in indeterminate, suspicious, and probably benign LNs,
respectively. In the suspicious and probably benign LN groups, the primary tumor and LN
characteristics were not significantly associated with malignancy. In indeterminate LNs,
only tumor multiplicity was significantly and independently associated with malignancy
in indeterminate LNs (OR, 7.4; 95% CI, 2.0–30.4; p = 0.003).
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Table 4. Malignancy risk of US suspicious LNs according to size thresholds and number of suspicious
US features.

Malignant LNs,
N (%)

All Suspicious LNs,
N (%)

Malignancy Risk
(%)

Size thresholds

SD < 3 mm 8 (4.7) 11 (5.8) 72.7
3≤ SD < 5 mm 42 (24.9) 54 (28.3) 77.8
5≤ SD < 7 mm 49 (29.0) 57 (29.8) 86.0
7≤ SD <10 mm 38 (22.5) 43 (22.5) 88.4

SD ≥ 10 mm 32 (18.9) 32 (16.8) 100.0

All 169 (100.0) 197 (100.0) 85.8

Number of suspicious
US features

None 22 149 14.8
1 21 (14.2) 28 (11.1) 75.0
2 72 (45.2) 89 (37.7) 80.9
3 54 (29.4) 58 (28.3) 93.1
4 22 (11.2) 22 (11.5) 100.0

Any suspicious feature 169 (100.0) 197 (100.0) 85.8
Note—SD, short diameter; US, ultrasound. Size 3 vs. 3–5 mm, p = 0.895; 3–5 vs. 5–7 mm, p = 0.637; 7–10 vs.
>10 mm, p = 0.606; <3 vs. >10 mm, p = 0.432. Number of suspicious features: 1 vs., 2, p = 0.779; 2 vs. 3, p = 0.435;
3 vs. 4, p = 0.766; 1 vs. 4, p = 0.349.

Table 5. Association of nodal size, shape parameters, and primary tumor characteristics with
malignant LNs in US indeterminate LNs.

US Features Univariable Multivariable

Crude OR (95% CI) p Adjusted OR
(95% CI) p

Diffuse thyroid disease 1.03 (0.3, 3.3) 0.964
Maximal diameter of largest tumor 0.99 (0.9, 1.1) 0.843

Gross ETE of largest tumor 1.9 × 10−9 1.9 × 10−9

Multiplicity of tumor 8.3 (2.7, 28.2) <0.001 7.4 (2.0, 30.4) 0.003
Bilaterality of tumor 5.1 (1.1, 27.4) 0.039 1.3 (0.2, 8.3) 0.802

Laterality of LN a 1.6 (0.2, 10.6) 0.626
LD of LN 0.83 (0.6, 1.2) 0.18 0.8 (0.6, 1.1) 0.259
SD of LN 0.76 (0.5, 1.2) 0.842

L/S ratio of LN 0.67 (0.2, 2.0) 0.471
Round shape (L/S < 2.0) 1.5 (0.5, 4.5) 0.451 - -
Round shape (L/S < 1.5) 1.0 (0.3, 3.4) 0.964

Note—US, ultrasound; OR, odds ratio; ETE, extrathyroidal extension; LN, lymph node; SD, short diameter; LD,
long diameter; L/S ratio, long to short diameter ratio. a Contralateral location of the LN with respect to the
primary tumor

2.6. Suggested Risk Stratification System of Cervical LNs in Patients with Thyroid Cancer

The malignancy risk of LNs could be stratified into three categories of KSThR according
to US patterns by primarily detecting any of the four suspicious US features (EF, cystic
change, hyperechogenicity, and abnormal vascularity) (Figure 1). LNs with any of these
suspicious features can be categorized as suspicious, with a high malignancy risk of 85.8%
(range, 72.7–100.0%). Given the high malignancy rates in tiny suspicious LNs (<3 mm SD),
biopsy could be considered for suspicious LNs, regardless of their size, shape, and number
of suspicious features in the preoperative setting. Fine-needle aspiration (FNA) should be
selectively performed for indeterminate LNs when multiple cancers are suspected, rather
than for round or enlarged LNs.
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Figure 1. Diagram showing the algorithm for the diagnosis and management of cervical LNs in
patients with thyroid cancer. LN, lymph node; FNA, fine-needle aspiration.

LNs with preserved hilum (regardless of eccentricity) and no suspicious features can
be categorized as benign, with a significantly low malignancy risk (2.5%). Owing to the
low probability of malignancy, biopsy is not routinely indicated for probably benign LNs.

3. Discussion

We confirmed that suspicious US features of EF, cystic change, hyperechogenicity,
and abnormal vascularity were independent predictors of LN metastasis. On the contrary,
features of round shape and nodal size, which have been considered suggestive of LN
metastasis in several guidelines [6,11,14,15], did not predict metastasis. Different from
thyroid nodules, which stratify the malignancy risk by the combination of US features [16],
the estimation of malignancy risk of an LN can be determined to be high when the LN
shows any of the four suspicious US features. In indeterminate LNs, tumor multifocality
tended to be associated with malignancy but not with nodal US features. Based on these
results, we suggest a practical RSS for cervical LNs in patients with thyroid cancer based
on the KSThR LN RSS criteria.

Increased size (either LD or SD) has been reported to be a useful feature in diagnosing
malignant LNs [6,11,12,14,15,17,18]. A previous study suggested performing FNA if the
detected LN was >10 mm in LD or >5 mm in SD [14], whereas the practice guideline
from ETA suggested performing FNA if the LN was >8 mm SD in level II and >5 mm
SD in level III or IV [14]. However, in the present study, nodal size showed associations
with malignancy only in the univariate analysis. Different from other head and neck
malignancies, clinically significant metastatic lesions from thyroid cancer often present as
small lesions in the neck [19,20]. This could be explained by the fact that PTC has a strong
propensity for early LN metastasis. In addition, US (the primary imaging modality in
thyroid cancer) has a superior spatial resolution for detecting pathological features in small
LNs to computed tomography or magnetic resonance imaging, which is mainly used in
other malignancies (which can be skipped in cross-sectional imaging) [6–8,21,22], especially
in the lateral compartment [12,23–25]. In contrast to microscopic LN metastasis (<2 mm),
which has little clinical significance and does not warrant aggressive surgical intervention
after total thyroidectomy and radioactive iodine therapy [6,26], macroscopic metastasis has
been found to be an independent prognostic factor for recurrence [27,28]. In this regard,
preoperative detection and resection of small but sonographically sizable suspicious LNs
may be beneficial in patients with thyroid cancer. The results of our study highlight that it
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is reasonable to consider the presence of suspicious features in the first place, rather than to
focus on the size, for risk stratification of cervical LNs.

Loss of the nodal hilum was considered a suspicious feature of metastasis in several
previous studies and guidelines [6,15,17,22,29,30]. However, loss of the nodal hilum is
known for its poor specificity in diagnosing metastatic LNs [11,14]. The results of our study
are in line with previous observations [11,31] that loss of nodal hilum is not an independent
predictor in multivariable analysis. Similarly, a small long diameter/short diameter (L/S)
ratio with a cutoff of 1.5 or 2.0 has been traditionally used as an imaging parameter to
reflect the round nodal shape in malignant cervical LNs [6,11,14,32,33]. However, the round
shape of LNs was not an independent predictor of malignancy in our study. These results
imply that a round shape or loss of nodal hilum may be an imaging feature found along
with other suspicious US features. We suggest that LNs with only a round shape or loss of
hilum on US should not be categorized as suspicious.

Considering the lack of discriminative power of nodal size and shape in indeterminate
LNs [32], we further focused on primary tumor characteristics, including tumor size,
gross extrathyroidal extension (ETE), bilaterality, and multifocality on US. In this study, the
multifocality of the primary tumor was identified as a significant and independent predictor
of malignancy for indeterminate LNs, and the malignancy risk of indeterminate LNs with
multifocal tumors was significantly higher than that of unifocal tumors. Multifocality is
hypothesized to arise through the intraglandular spread of tumor cells from a primary
focus [34] or from each independent focus [35,36]. Previous studies have suggested that
tumor multifocality is significantly associated with tumor metastasis in the neck [37], as well
as poorer oncologic outcomes (recurrence and death) [38]. Based on the results of our study,
we propose that FNA could be actively performed for indeterminate LNs accompanied by
multifocal disease, given the high incidence rate of multifocality (18–87%) in PTC [34] and
its negative prognostic impact [38].

We validated that the RSS for LNs provided by the KSThR and ETA effectively strat-
ified the malignancy risk of cervical LNs. In our study, a non-negligible percentage of
LNs was unclassifiable, according to the ETA criteria; however, the malignancy risk of
these LNs could be further stratified according to the presence of hilum, regardless of their
shape and size. In light of these observations, we developed a practical algorithm for the
risk stratification of cervical LNs in patients with thyroid cancer by adding refinements
to the preexisting KSThR RSS for cervical LNs. As benign LNs on US probably have a
significantly low malignancy risk (2.5%), FNA is not recommended. This is consistent
with previous guidelines [11,39]. In the preoperative setting, US-depicted suspicious LNs
should be considered for FNA, regardless of their size and the number of suspicious US
features, because the malignancy risk of small suspicious LNs is not different from that of
large suspicious LNs. FNA should be considered for indeterminate LNs accompanied by
multifocal cancers because their malignancy risk is high (59.1%). FNA should be selectively
performed for indeterminate LNs with unifocal cancers, and considerations should be
based on the surgical strategy or overall tumor burden, rather than nodal size or shape.

Our study compared two currently available RSSs, with a suggestion of refinement
according to nodal and primary tumor characteristics. The results of our study may poten-
tially help in improving each system and providing a basis for international standardization.

One of the limitations of the present study was its retrospective design. An inevitable
selection bias for selecting LNs for US-guided biopsy may have existed. US scanning and
biopsy were performed by different operators using various US machines; therefore, the
determination of US categorization and biopsy may have been influenced by operator
experience. In addition, the retrospective assessment of static US images has an inherent
limitation to the accuracy of US interpretation. Moreover, the malignancy risk in the overall
LNs and probably benign and indeterminate LN groups could have been overestimated
because FNA was performed only in limited cases for these LNs. Lastly, given that the
reference standard was determined by cytology or histopathology via core needle biopsy
(CNB), microscopic metastases could have been overlooked.
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4. Materials and Methods
4.1. Study Population

The Institutional Review Board of Seoul National University Hospital approved this
retrospective study, and the requirement for informed consent was waived owing to
the retrospective nature of this study. A radiology report database search discovered
55,276 patients who underwent FNA or CNB for neck lesions at our institution between
December 2006 and June 2015. The inclusion criteria accepted patients with primary thyroid
cancer who underwent either FNA or CNB for cervical LNs as part of their preoperative
evaluation. The exclusion criteria were as follows: (1) biopsy at sites other than LNs
(n = 47,427), (2) a history of other malignancies (n = 6768), and (3) a history of previous
surgery for thyroid cancer (n = 793), or non-diagnostic biopsy results (n = 8).

As a result, 346 LNs in 282 consecutive patients with thyroid cancer (72 men and
210 women; mean age, 47.9 years; age range, 18–82 years) with a final diagnosis were
included in this study (Figure 2). These populations were previously analyzed, and the
data were published in an article that focused on the malignancy risk of indeterminate LNs
based on the 2016 KSThR classification [32].
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4.2. US Imaging and US-Guided Biopsy

All US images were obtained by board-certified neuroradiologists using linear trans-
ducers (7.5–15.0 MHz). Grayscale and color Doppler images were examined before biopsy.
US-guided biopsies were primarily conducted for indeterminate or suspicious LNs at
the operator’s discretion and for benign-looking LNs upon the request of the attending
physician. FNA with thyroglobulin (FNA-Tg) measurement was performed concurrently
when the primary cancer was suspected to be differentiated thyroid carcinoma. One to
three needle passes with a 23-gauge needle were made during FNA under continuous
US guidance, and direct smears were prepared immediately by the conventional method.
The remaining aspirated samples were rinsed with 1 mL of isotonic saline and submitted
for FNA-Tg.
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4.3. Reference Standard

For each LN, the final diagnosis was determined using cytology or histopathology
on a node-by-node basis. Cytology or histopathology was used as the reference standard
for solid LNs. For cystic LNs with insufficient cytology results (n = 18), an FNA-Tg
cutoff of 8.3 ng/mL [39] was adapted to distinguish malignant from benign LNs. We
adapted the FNA-Tg levels only in cystic LNs because elevated Tg levels could lead to
false-positive diagnoses in benign ectopic thyroid tissue [40,41]. Tg was assayed using
an immunoradiometric assay (RIA Tg-plus; BRAHMS GmbH, Hennigsdorf, Germany).
The analytical sensitivity read at the optimal curve was 0.08 ng/mL, and the functional
assay sensitivity (20% interassay coefficient of variation) was 0.2 ng/mL. All of these non-
diagnostic cystic LNs were proved to be metastatic compartments based on level-by-level
correlation of surgical pathologic results. In this study, the biopsy results were used as
the reference standard because level-by-level correlation based on surgical pathology has
limitations in that the LN identified in the operative field could not be directly correlated
with the image-denoted LN [32].

4.4. Image Analysis

Preoperative categorization of the primary tumor and cervical LNs was performed by
inspecting the recorded US images. All US images were independently analyzed by two
experienced neuroradiologists (R-E. Yoo and J-h. Kim, with 9 and 20 years of experience,
respectively), and discrepant cases were determined by the consensus of two reviewers.

LN laterality (ipsilateral or contralateral) was assessed with respect to the largest index
tumor. The SD and LD were measured in the most representative longitudinal nodal plane,
and the long-to-short diameter (L/S) ratio was calculated.

EF in the LNs were defined as focal regions that were evidently hyperechoic relative to
the rest of the LN cortex and medulla. They were categorized as punctate EF (EF ≤ 1 mm
within the solid component) and large EF (EF > 1 mm). Cystic change was defined as an
anechoic portion within the LN. LN echogenicity was classified as hyperechoic, isoechoic,
or hypoechoic using the anterior neck muscles as the reference standard. The presence
or absence of an echogenic hilum within LNs was evaluated. Vascular LN configurations
were categorized into three patterns (none, hilar pattern, and peripheral or diffuse) using
color Doppler images [11,12].

Additional features of irregular nodal margin, nonparallel orientation (anteroposterior
diameter > transverse diameter on the transverse plane) [11], eccentric cortical thickening
(in LNs with preserved hilum or hilar vascularity) [18,42], round shape (L/S ratio < 1.5 and
2.0), and the presence and shape (normal vs. eccentric) of the hilum were also evaluated [11].

The size, bilaterality, multiplicity, and ETE of primary thyroid cancers and diffuse
thyroid disease on US were also evaluated. Bilaterality was defined as the observation
of PTCs in both thyroid lobes, and multiplicity was defined as two or more tumor foci in
the thyroid gland [37]. The US criteria for gross ETE were as follows: replacement of the
strap muscle, protrusion of thyroid cancer into the tracheoesophageal groove beyond the
expected margin of the normal thyroid gland, and obtuse angle with the trachea [12,43].
If multiple malignant lesions were present, ETE was considered present if any of these
tumors demonstrated ETE [21]. Diffuse thyroid disease was considered present when US
showed diffuse enlargement or atrophy of the thyroid gland, heterogeneous echotexture,
or hypoechogenicity [44].

4.5. Risk Stratification of Cervical LNs

Based on US findings, all LNs were categorized according to the RSSs [11,12]. Ac-
cording to the KSThR criteria, LNs were categorized as probably benign, indeterminate,
or suspicious [12]. LNs were interpreted as suspicious if any one of the following features
was present: (1) EF, (2) cystic change, (3) hyperechogenicity, or (4) peripheral or diffuse
chaotic color Doppler pattern. Probably benign LNs were defined by the presence of either
an echogenic hilum or hilar vascularity in the absence of any suspicious finding. LNs with
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no US probably benign or suspicious LN imaging features (exhibiting neither echogenic
hilum nor hilar vascularity in the absence of any other suspicious finding) were defined
as indeterminate.

In addition, LNs were categorized as normal, indeterminate, or suspicious for ma-
lignancy according to the ETA guidelines [11]. LNs with microcalcifications, partially
cystic appearance, peripheral of diffusely increased vascularization, and hyperechoic tis-
sue resembling the thyroid were categorized as “suspicious for malignancy.” “Normal
LNs” were defined as those with preserved hilum, ovoid shape, and normal size, absent
or hilar vascularization, and with no other suspicious signs. “Indeterminate” LNs were
defined as LNs with an absent hilum and at least one of the following characteristics:
round shape, increased short axis ≥ 8 mm in level II and ≥5 mm in levels III and IV, and
increased central vascularization. LNs that did not meet any category were classified as the
“unclassified” group.

4.6. Statistical Analyses

The chi-squared test or Fisher’s exact test were used to delineate the US features
significantly associated with malignancy. After univariable analysis, stepwise multivari-
able logistic regression analysis was performed to determine independent US predictors
among US features that were statistically significant in univariable analysis (p < 0.2). The
malignancy risk for each category in the KSThR and ETA RSSs was calculated.

For suspicious LNs, the malignancy risks were calculated according to their size and
the number of suspicious US features. Associations with primary tumor characteristics
(tumor location, size, gross ETE, multiplicity, and bilaterality), along with LN characteristics
(laterality, shape, and diameter) were analyzed together by univariable and multivariable
logistic regression analyses in US-classified subgroups of KSThR. Multivariable logistic
regression analysis was performed using a stepwise method of the factors that were
statistically significant in the univariable analysis (p < 0.2). All statistical analyses were
performed using the MedCalc software, version 11.1.1.0 (MedCalc, Mariakerke, Belgium).
Statistical significance was set at p value < 0.05.

5. Conclusions

In conclusion, the RSSs from both the ETA and KSThR could effectively stratify the
malignancy risks of LNs according to the presence of suspicious US features, although
there were some unclassified LNs in the ETA. LNs with any suspicious US features should
be regarded as metastatic and should be considered for FNA, regardless of their size in the
preoperative setting. The multiplicity of the primary tumor may be helpful in determining
the indication for biopsy of indeterminate LNs. We propose an algorithm based on the US
features of the LN and the primary tumor for the diagnosis of metastatic LNs. The proposed
algorithm will be useful for risk stratification and management decisions of cervical LNs in
patients with thyroid cancer.
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//www.mdpi.com/article/10.3390/cancers14092106/s1: Table S1, Association of nodal size, shape
parameters, and primary tumor characteristics with malignant LNs in US suspicious LNs; Table S2,
Association of nodal size, shape parameters, and primary tumor characteristics with malignant LNs
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Author Contributions: Conceptualization, J.Y.L., R.-E.Y. and J.-h.K.; methodology, J.Y.L., R.-E.Y.
and J.-h.K.; validation, J.Y.L. and J.-h.K.; formal analysis, J.Y.L., R.-E.Y. and J.-h.K.; investigation,
J.Y.L., R.-E.Y. and J.-h.K.; resources, J.-h.K.; data curation, J.Y.L. and R.-E.Y.; writing—original draft
preparation, J.Y.L. and J.-h.K.; writing—review and editing, J.Y.L., R.-E.Y., J.H.R., K.H.L., K.S.C., I.H.,
K.M.K. and J.-h.K.; visualization, J.Y.L., R.-E.Y. and J.-h.K.; supervision, J.-h.K.; project administration,
J.Y.L., R.-E.Y. and J.-h.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

https://www.mdpi.com/article/10.3390/cancers14092106/s1
https://www.mdpi.com/article/10.3390/cancers14092106/s1


Cancers 2022, 14, 2106 11 of 13

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Seoul National University Hospital
(H-1506-107-682, 29 June 2015).

Informed Consent Statement: The requirement for patient consent was waived owing to the retro-
spective nature of this study.

Data Availability Statement: The datasets analyzed in this study are available from the correspond-
ing author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Stack, B.C., Jr.; Ferris, R.L.; Goldenberg, D.; Haymart, M.; Shaha, A.; Sheth, S.; Sosa, J.A. American Thyroid Association Consensus

Review and Statement Regarding the Anatomy, Terminology, and Rationale for Lateral Neck Dissection in Differentiated Thyroid
Cancer. Thyroid 2012, 22, 501–508. [CrossRef] [PubMed]

2. Yeh, M.W.; Bauer, A.J.; Bernet, V.A.; Ferris, R.L.; Loevner, L.A.; Mandel, S.J.; Orloff, L.A.; Randolph, G.W.; Steward, D.L. American
Thyroid Association Statement on Preoperative Imaging for Thyroid Cancer Surgery. Thyroid 2015, 25, 3–14. [CrossRef] [PubMed]

3. Durante, C.; Montesano, T.; Torlontano, M.; Attard, M.; Monzani, F.; Tumino, D.; Costante, G.; Meringolo, D.; Bruno, R.; Trulli, F.;
et al. Papillary Thyroid Cancer: Time Course of Recurrences During Postsurgery Surveillance. J. Clin. Endocrinol. Metab. 2013, 98,
636–642. [CrossRef]

4. Tufano, R.P.; Clayman, G.; Heller, K.S.; Inabnet, W.B.; Kebebew, E.; Shaha, A.; Steward, D.L.; Tuttle, R.M. Management of
recurrent/persistent nodal disease in patients with differentiated thyroid cancer: A critical review of the risks and benefits of
surgical intervention versus active surveillance. Thyroid 2015, 25, 15–27. [CrossRef] [PubMed]

5. Shaha, A.R. Complications of neck dissection for thyroid cancer. Ann. Surg. Oncol. 2008, 15, 397–399. [CrossRef] [PubMed]
6. Haugen, B.R.; Alexander, E.K.; Bible, K.C.; Doherty, G.M.; Mandel, S.J.; Nikiforov, Y.E.; Pacini, F.; Randolph, G.W.; Sawka,

A.M.; Schlumberger, M.; et al. 2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid
Nodules and Differentiated Thyroid Cancer: The American Thyroid Association Guidelines Task Force on Thyroid Nodules and
Differentiated Thyroid Cancer. Thyroid 2016, 26, 1–133. [CrossRef] [PubMed]

7. Lee, J.Y.; Baek, J.H.; Ha, E.J.; Sung, J.Y.; Shin, J.H.; Kim, J.-H.; Lee, M.K.; Jung, S.L.; Lee, Y.H.; Ahn, H.S.; et al. 2020 Imaging
Guidelines for Thyroid Nodules and Differentiated Thyroid Cancer: Korean Society of Thyroid Radiology. Korean J. Radiol. 2021,
22, 840–860. [CrossRef]

8. Hoang, J.K.; Oldan, J.D.; Mandel, S.J.; Policeni, B.; Agarwal, V.; Burns, J.; Bykowski, J.; Harvey, H.B.; Juliano, A.F.; Kennedy, T.A.;
et al. ACR Appropriateness Criteria(®) Thyroid Disease. J. Am. Coll. Radiol. 2019, 16, S300–S314. [CrossRef]

9. Ha, E.J.; Lim, H.K.; Yoon, J.H.; Baek, J.H.; Do, K.H.; Choi, M.; Choi, J.A.; Lee, M.; Na, D.G. Primary Imaging Test and Appropriate
Biopsy Methods for Thyroid Nodules: Guidelines by Korean Society of Radiology and National Evidence-Based Healthcare
Collaborating Agency. Korean J. Radiol. 2018, 19, 623–631. [CrossRef]

10. Sugitani, I.; Ito, Y.; Takeuchi, D.; Nakayama, H.; Masaki, C.; Shindo, H.; Teshima, M.; Horiguchi, K.; Yoshida, Y.; Kanai, T.; et al.
Indications and Strategy for Active Surveillance of Adult Low-Risk Papillary Thyroid Microcarcinoma: Consensus Statements
from the Japan Association of Endocrine Surgery Task Force on Management for Papillary Thyroid Microcarcinoma. Thyroid 2021,
31, 183–192. [CrossRef]

11. Leenhardt, L.; Erdogan, M.F.; Hegedus, L.; Mandel, S.; Paschke, R.; Rago, T.; Russ, G. 2013 European Thyroid Association
Guidelines for Cervical Ultrasound Scan and Ultrasound-Guided Techniques in the Postoperative Management of Patients with
Thyroid Cancer. Eur. Thyroid J. 2013, 2, 147–159. [CrossRef] [PubMed]

12. Ha, E.J.; Chung, S.R.; Na, D.G.; Ahn, H.S.; Chung, J.; Lee, J.Y.; Park, J.S.; Yoo, R.-E.; Baek, J.H.; Baek, S.M.; et al. 2021 Korean
thyroid imaging reporting and data system and imaging-based management of thyroid nodules: Korean Society of Thyroid
Radiology Consensus Statement and Recommendations. Korean J. Radiol. 2021, 22, 2094–2123. [CrossRef] [PubMed]

13. Shin, J.H.; Baek, J.H.; Chung, J.; Ha, E.J.; Kim, J.-H.; Lee, Y.H.; Lim, H.K.; Moon, W.-J.; Na, D.G.; Park, J.S.; et al. Ultrasonography
Diagnosis and Imaging-Based Management of Thyroid Nodules: Revised Korean Society of Thyroid Radiology Consensus
Statement and Recommendations. Korean J. Radiol. 2016, 17, 370–395. [CrossRef] [PubMed]

14. Leboulleux, S.; Girard, E.; Rose, M.; Travagli, J.P.; Sabbah, N.; Caillou, B.; Hartl, D.M.; Lassau, N.; Baudin, E.; Schlumberger, M.
Ultrasound Criteria of Malignancy for Cervical Lymph Nodes in Patients Followed Up for Differentiated Thyroid Cancer. J. Clin.
Endocrinol. Metab. 2007, 92, 3590–3594. [CrossRef] [PubMed]

15. Tessler, F.N.; Middleton, W.D.; Grant, E.G.; Hoang, J.K.; Berland, L.L.; Teefey, S.A.; Cronan, J.J.; Beland, M.D.; Desser, T.S.; Frates,
M.C.; et al. ACR Thyroid Imaging, Reporting and Data System (TI-RADS): White Paper of the ACR TI-RADS Committee. J. Am.
Coll. Radiol. 2017, 14, 587–595. [CrossRef]

16. Na, D.G.; Baek, J.H.; Sung, J.Y.; Kim, J.-H.; Kim, J.K.; Choi, Y.J.; Seo, H. Thyroid Imaging Reporting and Data System Risk
Stratification of Thyroid Nodules: Categorization Based on Solidity and Echogenicity. Thyroid 2016, 26, 562–572. [CrossRef]

http://doi.org/10.1089/thy.2011.0312
http://www.ncbi.nlm.nih.gov/pubmed/22435914
http://doi.org/10.1089/thy.2014.0096
http://www.ncbi.nlm.nih.gov/pubmed/25188202
http://doi.org/10.1210/jc.2012-3401
http://doi.org/10.1089/thy.2014.0098
http://www.ncbi.nlm.nih.gov/pubmed/25246079
http://doi.org/10.1245/s10434-007-9724-x
http://www.ncbi.nlm.nih.gov/pubmed/18058179
http://doi.org/10.1089/thy.2015.0020
http://www.ncbi.nlm.nih.gov/pubmed/26462967
http://doi.org/10.3348/kjr.2020.0578
http://doi.org/10.1016/j.jacr.2019.02.004
http://doi.org/10.3348/kjr.2018.19.4.623
http://doi.org/10.1089/thy.2020.0330
http://doi.org/10.1159/000354537
http://www.ncbi.nlm.nih.gov/pubmed/24847448
http://doi.org/10.3348/kjr.2021.0713
http://www.ncbi.nlm.nih.gov/pubmed/34719893
http://doi.org/10.3348/kjr.2016.17.3.370
http://www.ncbi.nlm.nih.gov/pubmed/27134526
http://doi.org/10.1210/jc.2007-0444
http://www.ncbi.nlm.nih.gov/pubmed/17609301
http://doi.org/10.1016/j.jacr.2017.01.046
http://doi.org/10.1089/thy.2015.0460


Cancers 2022, 14, 2106 12 of 13

17. Rosário, P.W.S.; De Faria, S.; Bicalho, L.; Alves, M.F.G.; Borges, M.A.R.; Purisch, S.; Padrão, E.L.; Rezende, L.L.; Barroso, A.L.
Ultrasonographic Differentiation between Metastatic and Benign Lymph Nodes in Patients with Papillary Thyroid Carcinoma.
J. Ultrasound Med. 2005, 24, 1385–1389. [CrossRef]

18. Ahuja, A.T.; Ying, M.; Ho, S.Y.; Antonio, G.; Lee, Y.P.; King, A.D.; Wong, K.T. Ultrasound of malignant cervical lymph nodes.
Cancer Imaging 2008, 8, 48–56. [CrossRef]

19. Takashima, S.; Sone, S.; Takayama, F.; Wang, Q.; Kobayashi, T.; Horii, A.; Yoshida, J.I. Papillary thyroid carcinoma: MR diagnosis
of lymph node metastasis. AJNR: Am. J. Neuroradiol. 1998, 19, 509–513.

20. Hoang, J.K.; Branstetter, B.F.; Gafton, A.R.; Lee, W.K.; Glastonbury, C. Imaging of thyroid carcinoma with CT and MRI: Approaches
to common scenarios. Cancer Imaging 2013, 13, 128–139. [CrossRef]

21. Choi, J.S.; Kim, J.; Kwak, J.Y.; Kim, M.J.; Chang, H.-S.; Kim, E.-K. Preoperative Staging of Papillary Thyroid Carcinoma:
Comparison of Ultrasound Imaging and CT. AJR Am. J. Roentgenol. 2009, 193, 871–878. [CrossRef] [PubMed]

22. Kim, E.; Park, J.S.; Son, K.-R.; Kim, J.-H.; Jeon, S.J.; Na, D.G. Preoperative Diagnosis of Cervical Metastatic Lymph Nodes in
Papillary Thyroid Carcinoma: Comparison of Ultrasound, Computed Tomography, and Combined Ultrasound with Computed
Tomography. Thyroid 2008, 18, 411–418. [CrossRef] [PubMed]

23. Hwang, H.S.; Orloff, L.A. Efficacy of preoperative neck ultrasound in the detection of cervical lymph node metastasis from
thyroid cancer. Laryngoscope 2011, 121, 487–491. [CrossRef] [PubMed]

24. Sywak, M.; Cornford, L.; Roach, P.; Stalberg, P.; Sidhu, S.; Delbridge, L. Routine ipsilateral level VI lymphadenectomy reduces
postoperative thyroglobulin levels in papillary thyroid cancer. Surgery 2006, 140, 1000–1005; discussion 1005–1007. [CrossRef]

25. Ito, Y.; Tomoda, C.; Uruno, T.; Takamura, Y.; Miya, A.; Kobayashi, K.; Matsuzuka, F.; Kuma, K.; Miyauchi, A. Preoperative
ultrasonographic examination for lymph node metastasis: Usefulness when designing lymph node dissection for papillary
microcarcinoma of the thyroid. World J. Surg. 2004, 28, 498–501.

26. Cranshaw, I.M.; Carnaille, B. Micrometastases in thyroid cancer. An important finding? Surg. Oncol. 2008, 17, 253–258. [CrossRef]
27. Kim, S.Y.; Kim, B.-W.; Pyo, J.Y.; Hong, S.; Chang, H.-S.; Park, C.S. Macrometastasis in Papillary Thyroid Cancer Patients is

Associated with Higher Recurrence in Lateral Neck Nodes. World J. Surg. 2018, 42, 123–129. [CrossRef]
28. Jeon, M.J.; Yoon, J.H.; Han, J.M.; Yim, J.H.; Hong, S.J.; Song, D.E.; Ryu, J.-S.; Kim, T.Y.; Kim, W.B. The prognostic value of

the metastatic lymph node ratio and maximal metastatic tumor size in pathological N1a papillary thyroid carcinoma. Eur. J.
Endocrinol. 2013, 168, 219–225. [CrossRef]

29. Kuna, S.K.; Bracic, I.; Tesic, V.; Kuna, K.; Herceg, G.H.; Dodig, D. Ultrasonographic differentiation of benign from malignant neck
lymphadenopathy in thyroid cancer. J. Ultrasound Med. 2006, 25, 1531–1537; quiz 1538–1540. [CrossRef]

30. Sohn, Y.-M.; Kwak, J.Y.; Kim, E.-K.; Moon, H.J.; Kim, S.J.; Kim, M.J. Diagnostic Approach for Evaluation of Lymph Node
Metastasis from Thyroid Cancer Using Ultrasound and Fine-Needle Aspiration Biopsy. Am. J. Roentgenol. 2010, 194, 38–43.
[CrossRef]

31. Kuo, S.-F.; Lin, S.-F.; Chao, T.-C.; Hsueh, C.; Lin, K.-J.; Lin, J.-D. Prognosis of Multifocal Papillary Thyroid Carcinoma. Int. J.
Endocrinol. 2013, 2013, 809382. [CrossRef] [PubMed]

32. Yoo, R.E.; Kim, J.H.; Bae, J.M.; Hwang, I.; Kang, K.M.; Yun, T.J.; Choi, S.H.; Sohn, C.-H.; Rhim, J.H.; Park, S.-W.; et al.
Ultrasonographic indeterminate lymph nodes in preoperative thyroid cancer patients: Malignancy risk and ultrasonographic
findings predictive of malignancy. Korean J. Radiol. 2020, 21, 598–604. [CrossRef] [PubMed]

33. Zhou, J.; Yin, L.; Wei, X.; Zhang, S.; Song, Y.; Luo, B.; Li, J.; Qian, L.; Cui, L.; Chen, W.; et al. 2020 Chinese guidelines for ultrasound
malignancy risk stratification of thyroid nodules: The C-TIRADS. Endocrine 2020, 70, 256–279. [CrossRef] [PubMed]

34. Katoh, R.; Sasaki, J.; Kurihara, H.; Suzuki, K.; Iida, Y.; Kawaoi, A. Multiple thyroid involvement (intraglandular metastasis) in
papillary thyroid carcinoma. A clinicopathologic study of 105 consecutive patients. Cancer 1992, 70, 1585–1590. [CrossRef]

35. Park, S.Y.; Park, Y.J.; Lee, Y.J.; Lee, H.S.; Choi, S.H.; Choe, G.; Jang, H.-C.; Park, S.H.; Park, D.J.; Cho, B.Y.; et al. Analysis of
differential BRAF(V600E) mutational status in multifocal papillary thyroid carcinoma: Evidence of independent clonal origin in
distinct tumor foci. Cancer 2006, 107, 1831–1838. [CrossRef] [PubMed]

36. Shattuck, T.M.; Westra, W.H.; Ladenson, P.W.; Arnold, A. Independent Clonal Origins of Distinct Tumor Foci in Multifocal
Papillary Thyroid Carcinoma. N. Engl. J. Med. 2005, 352, 2406–2412. [CrossRef]

37. Al Afif, A.; Williams, B.A.; Rigby, M.H.; Bullock, M.J.; Taylor, S.M.; Trites, J.; Hart, R.D. Multifocal papillary thyroid cancer
increases the risk of central lymph node metastasis. Thyroid 2015, 25, 1008–1012. [CrossRef]

38. Qu, N.; Zhang, L.; Ji, Q.-H.; Zhu, Y.-X.; Wang, Z.-Y.; Shen, Q.; Wang, Y.; Li, D.-S. Number of tumor foci predicts prognosis in
papillary thyroid cancer. BMC Cancer 2014, 14, 914. [CrossRef]

39. Chung, S.R.; Baek, J.H.; Choi, Y.J.; Sung, T.-Y.; Song, D.E.; Kim, T.Y.; Lee, J.H. Diagnostic algorithm for metastatic lymph nodes of
differentiated thyroid carcinoma. Cancers 2021, 13, 1338. [CrossRef]

40. Moon, J.H.; Kim, Y.I.; Lim, J.A.; Choi, H.S.; Cho, S.W.; Kim, K.W.; Park, H.J.; Paeng, J.C.; Park, Y.J.; Yi, K.H.; et al. Thyroglobulin in
washout fluid from lymph node fine-needle aspiration biopsy in papillary thyroid cancer: Large-scale validation of the cutoff
value to determine malignancy and evaluation of discrepant results. J. Clin. Endocrinol. Metab. 2013, 98, 1061–1068. [CrossRef]

41. Nicastri, A.D.; Foote, F.W., Jr.; Frazell, E.L. Benign Thyroid Inclusions in Cervical Lymph Nodes. JAMA J. Am. Med Assoc. 1965,
194, 1–4. [CrossRef]

42. Vassallo, P.; Wernecke, K.; Roos, N.; Peters, P.E. Differentiation of benign from malignant superficial lymphadenopathy: The role
of high-resolution US. Radiology 1992, 183, 215–220. [CrossRef] [PubMed]

http://doi.org/10.7863/jum.2005.24.10.1385
http://doi.org/10.1102/1470-7330.2008.0006
http://doi.org/10.1102/1470-7330.2013.0013
http://doi.org/10.2214/AJR.09.2386
http://www.ncbi.nlm.nih.gov/pubmed/19696304
http://doi.org/10.1089/thy.2007.0269
http://www.ncbi.nlm.nih.gov/pubmed/18358074
http://doi.org/10.1002/lary.21227
http://www.ncbi.nlm.nih.gov/pubmed/21344423
http://doi.org/10.1016/j.surg.2006.08.001
http://doi.org/10.1016/j.suronc.2008.04.005
http://doi.org/10.1007/s00268-017-4158-5
http://doi.org/10.1530/EJE-12-0744
http://doi.org/10.7863/jum.2006.25.12.1531
http://doi.org/10.2214/AJR.09.3128
http://doi.org/10.1155/2013/809382
http://www.ncbi.nlm.nih.gov/pubmed/24489543
http://doi.org/10.3348/kjr.2019.0755
http://www.ncbi.nlm.nih.gov/pubmed/32323505
http://doi.org/10.1007/s12020-020-02441-y
http://www.ncbi.nlm.nih.gov/pubmed/32827126
http://doi.org/10.1002/1097-0142(19920915)70:6&lt;1585::AID-CNCR2820700623&gt;3.0.CO;2-Z
http://doi.org/10.1002/cncr.22218
http://www.ncbi.nlm.nih.gov/pubmed/16983703
http://doi.org/10.1056/NEJMoa044190
http://doi.org/10.1089/thy.2015.0130
http://doi.org/10.1186/1471-2407-14-914
http://doi.org/10.3390/cancers13061338
http://doi.org/10.1210/jc.2012-3291
http://doi.org/10.1001/jama.1965.03090140009001
http://doi.org/10.1148/radiology.183.1.1549675
http://www.ncbi.nlm.nih.gov/pubmed/1549675


Cancers 2022, 14, 2106 13 of 13

43. Chung, S.R.; Baek, J.H.; Choi, Y.J.; Sung, T.-Y.; Song, D.E.; Kim, T.Y.; Lee, J.H. Sonographic assessment of the extent of extrathyroidal
extension in thyroid cancer. Korean J. Radiol. 2020, 21, 1187–1195. [CrossRef] [PubMed]

44. Kim, D.W.; Eun, C.K.; In, H.S.; Kim, M.; Jung, S.; Bae, S. Sonographic Differentiation of Asymptomatic Diffuse Thyroid Disease
from Normal Thyroid: A Prospective Study. AJNR Am. J. Neuroradiol. 2010, 31, 1956–1960. [CrossRef]

http://doi.org/10.3348/kjr.2019.0983
http://www.ncbi.nlm.nih.gov/pubmed/32729261
http://doi.org/10.3174/ajnr.A2164

	Introduction 
	Results 
	Baseline Characteristics of the Study Population 
	Malignancy Risk Based on Each Ultrasound (US) Feature 
	Malignancy Risk According to US Classification 
	Malignancy Risk of Suspicious Lymph Nodes (LNs) According to Nodal Size and Number of Suspicious Features 
	Association of Nodal Size (Diameter), Shape, and Primary Tumor Characteristics with Malignancy in the LN Groups 
	Suggested Risk Stratification System of Cervical LNs in Patients with Thyroid Cancer 

	Discussion 
	Materials and Methods 
	Study Population 
	US Imaging and US-Guided Biopsy 
	Reference Standard 
	Image Analysis 
	Risk Stratification of Cervical LNs 
	Statistical Analyses 

	Conclusions 
	References

