Follow-up of benign thyroid nodules
confirmed by ultrasound-guided core
needle biopsy after inconclusive cytology
on fine-needle aspiration biopsy
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Purpose: The goal of this study was to follow benign thyroid nodules confirmed by ultrasound
(US)-quided core needle biopsy (CNB) after inconclusive cytology on fine-needle aspiration (FNA)
biopsy.

Methods: Sixty-two thyroid nodules from 62 patients with CNB-confirmed benign histology that
initially had inconclusive cytology on FNA were retrospectively included. The thyroid nodules
were followed for 38.7 months (median, 27.5 months; range, 6 to 101 months), and the US
findings of biopsied nodules, such as the interval change in size, US characteristics, and imaging
category based on the Korean Thyroid Imaging Reporting and Data System (K-TIRADS), were
evaluated. In addition, patients’ clinical records were reviewed for any further management or
newly diagnosed thyroid malignancy.

Results: Among 62 cases, three (4.8%) showed interval size growth, while 59 (95.2%)
demonstrated no interval change or a decrease in size. There was no upgrade of K-TIRADS
category or any newly diagnosed malignancy during the follow-up period.

Conclusion: US-guided CNB-confirmed benign thyroid nodules with inconclusive cytology on FNA
showed a stable status during follow-up, and repeated CNB could be helpful in the management
of nodules with inconclusive cytology on FNA.

Keywords: Thyroid nodule; Biopsy, Core needle; Ultrasonography; Benign
Key points: Benign results of thyroid core needle biopsy after initial inconclusive cytology on fine-
needle aspiration biopsy appear to be a reliable diagnosis.

Introduction

Ultrasound (US)-guided fine-needle aspiration (FNA) has been established as the standard biopsy
method to diagnose malignancy in thyroid nodules. However, the limitations of FNA are also
known, including a considerable rate of inconclusive results, such as non-diagnostic results and
atypia of undetermined significance or follicular lesions of undetermined significance (AUS/FLUS)
[1]. In addition, the non-diagnostic rate was higher (up to 50%) in cases of repeated FNA and AUS/
FLUS cytology, which accounted for 19%-31% of nodules with previous AUS/FLUS FNA readings
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[2-6]. In prior studies comparing repeated FNA and core needle
biopsy (CNB) for nodules initially diagnosed as AUS/FLUS, CNB
showed a lower rate of inconclusive results and better diagnostic
performance [7]. Therefore, US-guided CNB is widely accepted as an
alternative to FNA for indeterminate thyroid nodules [8]. With the
revision of the Korean Thyroid Imaging Reporting and Data System
(K-TIRADS) in 2021, CNB was added to the management of thyroid
nodules with AUS/FLUS cytology. Specifically, the management
changed from repeated FNA to repeated FNA "or CNB" within
3-6 or 6-12 months for nodules with high- or intermediate-/
low-suspicion K-TIRADS US patterns, respectively [9,10]. However,
the natural course of CNB-confirmed benign thyroid nodules
remains unclear, and there is not yet a consensus regarding the
follow-up management for benign histology after thyroid CNB as
an alternative diagnostic tool. The purpose of this study was to
investigate the follow-up of benign thyroid nodules, confirmed by
US-guided CNB, as an alternative to repeated FNA for inconclusive
cytological results on previous FNA.

Materials and Methods

Compliance with Ethical Standards
This study was approved by an institutional review board of our
institution (Hanyang University Hospital 2020-05-022-001). The
need for informed consent for the CNB procedure was waived due
to the retrospective nature of this study.

Study Population

From June 2010 to November 2020, US-guided CNB was performed
for 337 thyroid nodules in 335 consecutive patients. Among them,
183 thyroid nodules (54.3%) had benign histology confirmed by
CNB. The exclusion criteria were as follows: (1) thyroid nodules with
initial conclusive FNA cytology results (n=45), (2) first-line CNB
(n=32), (3) nodules lost to follow-up (n=43), and (4) nodules that
went on to receive surgery immediately after the CNB procedure
(n=1). Finally, 62 thyroid nodules with initial inconclusive FNA
cytology (Bethesda category | or Ill) from 62 patients (45 women
and 17 men) were included in this study. The mean age of the
patients was 53 years (range, 25 to 80 years). The demographics of
the study population are shown in Table 1.

US Examinations, FNA, and CNB

US images were obtained using 12- or 15-MHz linear-array
transducers from three vendors (Philips, Bothell, WA, USA;
Supersonic Imagine, Aix-en-Provence, France; and Samsung
Medison Co., Seoul, Korea). The scanning protocol included >2
orthogonal images, such as transverse and longitudinal images,
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from each thyroid nodule. US imaging was performed by one of four
radiologists with 5 to 20 years of experience.

US-guided FNA was performed by the same radiologist who
evaluated the thyroid gland. Using a 21- to 25-gauge needle,
once or twice, they obtained the specimen by a perpendicular or
parallel approach with a combination of the aspiration technique
and capillary technique depending on the characteristics of the
thyroid nodule. The aspiration technique refers to the "to-and-fro"
needle movement with 2-3 mL of suction applied. The FNA results
were interpreted by three pathologists according to the Bethesda
categories for reporting thyroid cytopathology.

US-guided CNB was also performed by the same radiologists who
evaluated the thyroid gland. The CNB procedures were performed
by one of two radiologists with >5 years of CNB experience using
a disposable 18-gauge, single-action spring-activated needle and
a guiding needle. They obtained two samples from each lesion.
After the biopsy, each patient manually self-compressed the biopsy
site for 10-20 minutes. From 2010 to 2015, the CNB results were
interpreted by institutional consensus among three pathologists,
and "pathological benign nodules" were defined as thyroiditis,
adenomatous hyperplasia, or benign adenomatoid nodule. Since
2015, a six-tier pathology reporting system has been used according
to guidelines published by the Korean Endocrine Pathology Thyroid
CNB Study Group. The six categories are non-diagnostic, benign,
indeterminate, follicular neoplasm/suspicious for a follicular
neoplasm, suspicious for malignancy, and malignant [11].

Image and Data Analysis

Two experienced radiologists with 10-20 and 5-15 years of
experience in thyroid US and interventional procedures, respectively,

Table 1. Baseline demographics of the study population

Characteristic Value (n=62)

Age (year) 53 (25-80)
Sex

Male 17 (27.4)

Female 45 (72.6)
Initial K-TIRADS category

3 32(51.6)

4 22 (35.5)

5 8(12.9)
Initial FNAB Bethesda category

I 29 (46.8)

If 33(53.2)

Values are presented as mean (range) or number (%).
K-TIRADS, Korean Thyroid Imaging Reporting and Data System; FNAB, fine-needle
aspiration biopsy.
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reviewed the US findings of the initial and follow-up examinations
in consensus. The interval change in the size was verified in three
dimensions. A significant interval growth was defined as a 20%
increase in two or more dimensions and a minimal increase of 2
mm related to the length measured when CNB was performed.
The occurrence of any interval change in the US characteristics and
the K-TIRADS categories of the thyroid nodules was evaluated.
The US characteristics were assessed based on the K-TIRADS,
including the internal components, echogenicity, size, margin,
shape, orientation, and calcification of the nodules. The internal
components were classified based on the proportion of cystic tissue;
then, the nodules were separated into three categories based
on whether they were predominantly cystic, predominantly solid,
or solid. The echogenicity findings were compared to the thyroid
parenchyma and classified as hypoechoic, isoechoic, or hyperechoic.
Isolated calcifications were separately described. The margin was
categorized as smooth, spiculated/microlobulated, or ill-defined.
The shape of the nodule was classified as round to oval or irregular
(neither round nor oval). The orientation was categorized as parallel
(when the anteroposterior diameter was shorter than or equal
to the transverse or longitudinal diameter) or non-parallel (when
the anteroposterior diameter was longer than the transverse or
longitudinal diameter on transverse or longitudinal images). The
presence of calcifications was evaluated; when present, the category
was divided into microcalcifications (echogenic foci <1 mm) and
macrocalcifications (echogenic foci >1 mm in size). Suspicious US
features for malignancy were defined as spiculated/microlobulated
margins, microcalcifications, and a non-parallel orientation [10]. The
clinical records of these patients and their surgical histology during
follow-up were also reviewed.

Results

The mean size of the thyroid nodules was 16.8+11.0 mm (range,
4 to 53 mm). Of the 62 thyroid nodules, 20 nodules (32.5%) were
<10 mm. The K-TIRADS category was 3 (low suspicion) in 32 (51.6%)
nodules, 4 (intermediate suspicion) in 22 (35.5%) nodules, and five
(high suspicion) in eight (12.9%) nodules. The US findings of the
thyroid nodules are listed in Table 2.

After biopsy, the US exams followed at an interval of 6-12
months. The mean follow-up duration was 38.7+27.5 months,
ranging from 6 to 101 months.

The follow-up results of the nodules according to initial cytological
reports are arranged in Fig. 1. Among these patients, three (4.8%)
showed interval growth; the mean interval growth was 52.3%
(range, 45.5% to 61.5%) in each nodule dimension (Fig. 2). All
garnered low suspicion (K-TIRADS 3) on the initial US examination,
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Table 2. Ultrasonographic findings of thyroid nodules with
benign histology

Ultrasonographic finding Value (n=62)
Size (mm) 16.8+11.0
Size category
<10 mm 20(32.5)
>10 mm 42 (67.7)
Echogenicity of the nodules
Hypoechogenicity 27 (43.5)
Isoechogenicity 29 (46.8)
Hyperechogenicity 3(4.8)
Calcification only 3(4.8)
Orientation
Parallel 58(93.5)
Non-parallel 4(6.5)
Shape
Round to oval 45 (72.5)
Irreqular 17 (27.4)
Margin
Smooth 46 (74.2)
Spiculated/microlobulated 9(14.5)
Ill-defined 7(11.3)
Calcification
No calcification 38(61.3)
Calcification 24 (38.7)
Microcalcification 9(14.5)
Macrocalcification 14 (22.6)
Microcalcification and macrocalcification 1(1.6)
Cystic portion
>50% 4(6.5)
<50% 58(93.5)

Cystic portion (%) 9.2+21.0 (0-90)

Values are presented as mean+standard deviation (range) or number (%).

and this did not change according to any characteristics of the
nodule throughout the follow-up period. There was no upgrade
of the K-TIRADS category during the follow-up US studies, and
five cases were downgraded to a lower K-TIRADS category during
the US follow-up period. All five of these cases were histologically
proven thyroiditis that improved over time (Fig. 3).

The characteristics of eight cases with high suspicion (K-TIRADS
5) upon initial US are listed in Table 3. Four cases were histologically
proven thyroiditis, and three lesions disappeared during follow-up.
The others were stable without any changes in the US characteristics
or interval growth.

In this study, three of 62 thyroid nodules (4.8%) showed interval
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62 Initial cytologic results

29 Non-diagnostic

22 No change 6 Decreased 1 Increased

33 AUS/FLUS

23 No change 8 Decreased 2 Increased

(no change of US characteristics)

(increased cystic portion)

Fig. 1. Follow-up results of the nodules according to initial cytological reports. AUS, atypical cells of undetermined significance; FLUS,
follicular lesions of undetermined significance; US, ultrasonography.

Table 3. The characteristics of CNB-confirmed benign thyroid nodules with K-TIRADS 5 on ultrasonography

Initial FNA Size Follow-up
Case No. CNB a) - —
(Bethesda category) (mm) Management USfinding  K-TIRADS Duration
1 . Non-diagnostic II. Chronic lymphocytic thyroiditis 9 US f/u Disappeared - 91
2 III. AUS Il. AH 6 US f/u N/C N/C 48
3 ILAUS Il. Lymphocytic thyroiditis 4 US f/u N/C N/C 8
4 . Non-diagnostic Il. AH 5 US f/u N/C N/C 34
5 |. Non-diagnostic 1. AH 6 US f/u N/C N/C 43
6 . Non-diagnostic Il. Benign lesion 12 FNA (subacute thyroiditis) N/C N/C 6
7 1. AUS Il. Benign lesion, 53 USf/u Disappeared - 15
chronic inflammation with extensive fibrosis
8 I1l. AUS Il. Granulomatous thyroiditis 12 USf/u Disappeared - 6

CNB, core needle biopsy; K-TIRADS, Korean Thyroid Imaging Reporting and Data System; FNA, fine-needle aspiration biopsy; US, ultrasonography; f/u, follow-up; AUS, atypical
cells of undetermined significance; AH, adenomatous hyperplasia; N/C, no change.
IThe size of the nodules was measured in millimeters. ®The duration of nodule follow-up was measured in months.

Table 4. The characteristics of CNB-proven benign thyroid nodules with interval growth
FNA F/u size (mm) and Changed US

Initial size F/u duration

Case No. (Bethesda category) CNB (mm) interval growth (%) findings” (month) Management
1 1. AUS AH 1 16 (45.5) Cystic 95 f/u
2 Il FLUS AH 12 18 (50) Cystic 53 f/u
3 . Non-diagnostic Suspicious of AH 13 21(61.5) Cystic 40 Repeat CNB and RFA

CNB, core needle biopsy; FNA, fine-needle aspiration biopsy; f/u, follow-up; US, ultrasonography; AUS, atypical cells of undetermined significance; AH, adenomatous
hyperplasia; FLUS, follicular lesions of undetermined significance; RFA, radiofrequency ablation.
JIncreased cystic or solid portion in the nodules, when followed with ultrasonography.

growth, and the characteristics of those cases are listed in Table 4.
One case underwent repeated CNB and exhibited benign histology.

During the follow-up period, there were no cases of newly
diagnosed malignancy.

Discussion

This study followed benign thyroid nodules confirmed by US-guided
CNB as an alternative to repeated FNA for inconclusive thyroid
nodules on previous FNA.

To the best of the authors’ knowledge, no existing research on
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the natural course of CNB-confirmed benign thyroid nodules with
inconclusive cytology has been published. The interval growth
of cytologically benign thyroid nodules has been evaluated by
only a few studies that have shown a poor correlation between
nodule growth and malignancy [12-14]. Most of the benign
thyroid nodules increased in size without evidence of malignant
transformation. In one study by Lee et al. [15], the malignancy rate
of minimally cystic thyroid nodules was significantly lower than that
of pure solid nodules and slightly higher than that of partially cystic
nodules, meaning that the presence of more cystic components
can be considered a benign characteristic. In previous reports, the
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Fig. 2. A thyroid nodule showing interval growth after core needle biopsy.

A. Longitudinal gray-scale ultrasonography (US) from a 43-year-old woman shows a solid and cystic, isoechoic, oval-shaped thyroid nodule. B.
Longitudinal color Doppler US shows vascularity in the solid portion. Ethanol ablation was carried out. C. After 3 years, follow-up longitudinal
US shows an increased nodule size with an increased cystic portion. D. Re-core needle biopsy reveals a benign follicular nodule.

most commonly reported US changes were cystic changes, margin
changes, and calcification pattern changes, in descending order of
frequency [14]. The present study revealed a rate of 7.7% (5/65)
for cystic change, and there was no definite change in the margins
or calcification patterns during the follow-up period. Among 62
cases, three cases (4.8%) showed interval size growth, while 59
(95.2%) demonstrated no interval change or decrease in size. There
was no upgrade of the K-TIRADS category or newly diagnosed
malignancy during the follow-up period. As the patients included in
this study underwent CNB after initial FNA, the cystic contents had
been aspirated before. Therefore, changes in internal content were
less common during follow-up than reported in previous studies
regarding follow-up of benign thyroid FNA. Furthermore, long-
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term follow-up of a large series would be necessary to validate the
malignancy rate of CNB-confirmed benign thyroid nodules.

This study used the definition of inconclusive results as a
combination of Bethesda categories | and Ill. According to the study
by Ha et al. [1], a higher conclusive diagnosis rate was obtained
when Bethesda categories | and Il rather than Bethesda categories |,
Ill, and IV were considered as inconclusive. Therefore, the diagnostic
performance of this study is quite reliable.

The benign category (category 1) of CNB histology contains
benign follicular nodules, (including nodular hyperplasia, follicular
adenoma, colloid nodules, and nodules in Graves disease),
Hashimoto's thyroiditis, and subacute granulomatous thyroiditis.
Among these, thyroiditis has suspicious US findings and can be

125


http://www.e-ultrasonography.org

ULTRASONOGRAPHY Yoon Ji Hwang, et al.

Fig. 3. A thyroid nodule that disappeared during ultrasonography
(US) follow-up.

A, B. Transverse (A) and longitudinal (B) gray-scale US from a
48-year-old woman show a taller-than-wider, hypoechoic, ill-defined
thyroid nodule. Core needle biopsy reveals chronic lymphocytic
thyroiditis. C. Follow-up longitudinal US shows normalization of the
thyroid parenchyma after 1 year.

Table 5. Summary of malignancy rates in cases with benign histology on thyroid CNB in previously published studies

Author Year Inclusion criteria No. of CNBs  Benign histology (%) Surgery Malignancy (%)

Sung et al. [24] 2012 Patients underwent FNA and CNB simultaneously 555 195 (35.1) 195 1(0.5)
Na et al. [3] 2012 Nodules with initially non-diagnostic or AUS/FLUS cytology 225 51(22.3) 0 0

Yeon et al. [25] 2013 Nodules with initially non-diagnostic cytology 155 86 (55.5) 45 2(23)
Choi et al. [26] 2014 Nodules with initially non-diagnostic cytology 180 106 (58.9) 86 1(0.9)
Chungetal.[23] 2017  Ultrasound-pathology discordant 166 159 (95.8) 15 6(3.8)

Nodules
Chungetal.[22] 2019  Nodules with suspicious US features 102 26 (25.5) 13 1(7.7)

CNB, core needle biopsy; FNA, fine-needle aspiration biopsy; AUS, atypical cells of undetermined significance; FLUS, follicular lesions of undetermined significance; US,
ultrasonography.

categorized as K-TIRADS 4 or 5. Typical findings of ill-defined, ~ follow-up are still recommended [11]. The CNB results in this
irregular, geographical hypoechogenicity could be helpful in the  study revealed 13 cases of thyroiditis. These lesions disappeared or
differential diagnosis of malignancy; however, biopsy and further  markedly decreased in size on follow-up US within 6-12 months.
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FNA-proven benign thyroid nodules with suspicious US
features had a somewhat high false-negative rate, ranging from
13.6% to 56.6% [10,16-21]. According to previous reports, the
malignancy rate in cases with benign histology on thyroid CNB has
been reported to range from 0.0% to 7.7% (Table 5). The false-
negative rate of thyroid CNB was greater in cases with suspicious
US features [22,23]. In the present results, there were no cases
of newly diagnosed malignancy in any of the 62 thyroid nodules.
This discrepancy is due to differences in the inclusion criteria. The
current study included CNB-proven benign thyroid nodules with
previous inconclusive cytology. However, other studies have included
thyroid nodules that simultaneously underwent FNA and CNB, US—
pathology discordant nodules, or nodules with suspicious findings.
Even though eight cases were K-TIRADS 5 on US, four cases were
thyroiditis, and the condition nearly disappeared during follow-up.
The other four cases were diagnosed as subcentimeter adenomatous
hyperplasia based on the CNB results and remained stable without
interval changes for >3 years.

This study had several limitations. First, nodules were evaluated
in patients from a single center with a relatively small sample size.
Only a small portion underwent surgical thyroid procedures. In
cases of K-TIRADS 5 lesions with a subcentimeter size, the nodules
were closely observed, without excision. Further investigation with
a larger sample size and comprehensive surgical pathology will
be required to better evaluate these patients. Second, the follow-
up period was not enough to evaluate indolent thyroid cancer. As
thyroid cancers can grow very slowly, this follow-up period may not
have been sufficient to exclude slowly growing malignancies. Third,
the outcomes of FNA versus CNB were not compared as repeated
thyroid biopsy techniques for nodules with inconclusive cytology.

Although a portion of CNB-proven benign thyroid nodules
showed changes in US features or nodule size during follow-
up, these findings might simply represent a natural course of the
nodules. Benign results for thyroid CNB after inconclusive FNA
cytology might avoid unnecessary further management. However,
a large series of multicenter studies would be needed to present a
certain gold standard of follow-up for benign histology after CNB,
especially in cases with a high level of suspicion based on the
K-TIRADS category.
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