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Background: Hashimoto’s thyroiditis (HT), also known as chronic lymphocytic thyroiditis
(CLT), may interfere with the accurate cytological diagnosis of thyroid nodules. Recently,
HT has been considered a premalignant condition for thyroid cancer development. The
diagnosis of atypia of undetermined significance/follicular lesions of undetermined
significance (AUS/FLUS) thyroid nodules is challenging and evidence for the malignancy
risk of AUS/FLUS thyroid nodules coexisting with CLT is scarce. Therefore, we assessed
the malignancy risk of AUS/FLUS thyroid nodules according to the presence of
background CLT.

Methods: This study included 357 surgically resected thyroid nodules with AUS/FLUS
cytology. Cases with concomitant malignant nodules were excluded. CLT was defined
based on the pathologic report after thyroid surgery.

Results: Among 357 tumors, 130 tumors (36%) were confirmed to have coexisting CLT,
and 170 tumors (48%) were determined to be malignant after thyroidectomy. Malignancy
rates were similar in both groups (48% in each) regardless of background CLT (62/130
with CLT vs. 108/227 without CLT). In the group with CLT, thyroiditis was more frequent in
the final pathology (12% with CLT vs. 1% without CLT, P = 0.003). In multivariate analysis,
positive BRAFV600E mutation, highly suspicious sonographic features (K-TIRADS 5), and
smaller thyroid nodules were significant factors for thyroid malignancies.

Conclusion: The malignancy rate of thyroid nodules with AUS/FLUS cytology was
comparable irrespective of the presence of underlying CLT.

Keywords: atypia of undetermined significance, fine-needle aspiration, chronic lymphocytic thyroiditis,
Hashimoto’s thyroiditis, thyroid malignancy
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INTRODUCTION

Thyroid nodules are the most prevalent endocrine disease and
are detected in approximately 50% of the adult population when
using high-resolution ultrasonography (US) (1, 2). US is the
initial diagnostic approach of choice to characterize thyroid
nodules. US-guided fine-needle aspiration (FNA) cytology
(FNAC) categorizes most thyroid nodules as benign (Bethesda
class II, 60–70% of cases) or malignant (Bethesda class
VI, approximately 5% of cases) (3, 4). However, approximately
20–30% of cases fall into indeterminate (Bethesda classes III, IV,
and V) categories based on FNAC (3, 4). To avoid unnecessary
surgery for thyroid nodules with indeterminate cytology, clinical
and sonographic features and investigations such as repeated
FNA or molecular testing are used to estimate the malignancy
risk (4). Unlike the implied malignancy risk (5–15%) of Bethesda
class III thyroid nodules in the general population, the
malignancy risk increases up to 50–60% in surgically resected
populations (5–7). Bethesda class III is a heterogeneous category
that contains follicular cells exhibiting either architectural
abnormalities or nuclear atypia (3). Thus, this category is
challenging in terms of both diagnosis and management.

Hashimoto’s thyroiditis (HT), also known as chronic
lymphocytic thyroiditis (CLT), interfere with the accurate
cytological diagnosis of thyroid nodules (8), although CLT is
diagnosed based on the pathologic findings in principle. CLT is
characterized with enlarged nuclei as well as lymphocytic and
plasma cell infiltration, and lesions of CLT vary in intensity from
one part of the gland to another, which may complicate the
preoperative diagnosis of thyroid nodules (3, 9). In a recent study
by Mulder et al. (10), a lower incidence of malignancy in AUS/
FLUS thyroid nodules coexisting with CLT compared with AUS/
FLUS nodules without CLT was reported. However, patients
with HT have a 2-fold higher risk of developing papillary thyroid
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carcinoma (PTC) than patients with thyroid nodules without HT
(11). In particular, in studies conducted in Asia (odds ratio (OR)
2.79, 95% confidence interval, CI 2.15–3.61), a higher risk of
developing PTC in HT populations was observed compared with
HT populations from Europe and the USA (OR 1.56 and 1.92,
respectively) (11).

Evidence for the malignancy risk of AUS/FLUS thyroid
nodules coexisting with CLT is scarce, and the risk might be
geographically different based on the nutritive condition of
iodine. Therefore, the malignancy risk of AUS/FLUS thyroid
nodules based on the presence of CLT was assessed in the present
study using surgically resected specimens from Korean subjects
residing in iodine-sufficient areas.
MATERIALS AND METHODS

Subjects
The present study included 357 thyroid nodules with AUS/FLUS
cytology from 336 patients who underwent thyroid surgery; the
first FNAC was conducted between February 2013 and August
2020 at Chung-Ang University (Figure 1). Initially, a total of 457
indeterminate thyroid nodules from 345 patients were reviewed
for this study. However, 84 cases with concomitant nodules with
Bethesda class V or VI were excluded because approximately
30% of PTCs have multifocal tumors (4), which leads to
overestimation of the malignancy rate of AUS/FLUS cytology.
In addition, 10 cases with Bethesda class IV and 6 cases lacking
data were excluded.

Medical records were retrospectively reviewed for patient age,
sex, BMI, sonographic findings for thyroid nodules, cytological
and pathologic results, extent of thyroid surgery, thyroid
function, thyroid autoantibody level at the time of the initial
FIGURE 1 | Schematic presentation of the study design.
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FNAC, and medication for thyroid diseases. The Institutional
Review Board of Chung-Ang University Hospital approved the
study protocol. Patient approval and informed consent for the
retrospective review of US images and medical records
were waived.

Sonographic Evaluation
Thyroid nodules were categorized according to the Korean Thyroid
Imaging Reporting and Data System (K-TIRADS) to assess the
malignancy risk stratification of thyroid nodules proposed by
The Korean Society of Thyroid Radiology (12). K-TIRADS is a
pattern-based qualitative system defining four categories (benign,
low suspicion, intermediate suspicion, and high suspicion) with
different risks of malignancy and has shown excellent diagnostic
performance in the examination of thyroid nodules (13, 14).

Cytology and Pathology Review
Routine cytological evaluation of all liquid-based FNACs and
pathological diagnosis of thyroid specimens were conducted by
an experienced cytopathologist (H.S.K.). Among 357 AUS/FLUS
nodules, 210 nodules (59%) were re-evaluated before surgery;
122 CNB, 76 with FNAC and CNB, and 12 with FNAC. CNB
and/or repeated FNAC showed 85 follicular neoplasm or
suspicious for a follicular neoplasm (40%), 68 follicular lesion
with nuclear/architectural atypia (33%), 46 malignant (22%), and
11 benign (5%). The CNB reporting system is based on the
pathology reporting system proposed by the Korean Endocrine
Pathology Thyroid Core Needle Biopsy Study Group (15). The
majority of patients who had been referred to our hospital, a
tertiary medical center, due to the result of AUS/FLUS on their
initial FNAC outside the hospital underwent thyroid surgery
because of inconclusive results of FNAC twice. Thyroid surgery
was recommended for the indicated patients according to
current guidelines (4, 16).

CLT was defined based on the pathologic report after thyroid
surgery. Pathologic diagnosis of CLT is characterized by
interstitial infiltration of hematopoietic mononuclear cells,
mainly composed of lymphocytes with some plasma cells and
macrophages. Lymphocytes penetrate the cytoplasm of
thyrocytes and variable degrees of fibrosis are observed in the
interstitium. Lesions of thyrocytes vary in intensity from
atrophic thyrocytes to enlarged and bold thyrocytes (17).
Tumor associated lymphoid infiltrates (TAICs) is histologically
different from CLT in terms of the absence of Hurthle cell change
of follicular cells. We separated CLT and TAICs in our surgical
specimens by reading background thyroid remote from tumor
and applying criteria that CLT is diffuse lymphocytic infiltration
with Hurthle cell change; TAICs with absent Hurthle cell change.
We excluded TAICs from this study.

Laboratory Test for Thyroid Function
Serum thyrotropin (TSH, reference range, 0.55–4.78 mU/L), free
thyroxine (FT4, reference range, 0.89–1.76 ng/dL), and
triiodothyronine (T3, reference range, 60–181 ng/dL), were
measured using a chemiluminescence immunoassay (Siemens
Advia Centaur XP, Siemens Healthcare Diagnostics Inc.,
Tarrytown, NY, USA). The test sensitivities were 0.008 mU/L,
Frontiers in Endocrinology | www.frontiersin.org 3
0.1 ng/dL, and 0.1 ng/dL. The interassay coefficients of variation
(CV) were < 5%, < 5%, and < 2%, and intraassay CVs were
< 5%, < 4%, and < 4%. Anti-thyroid peroxidase (anti-TPO)
antibody and anti-thyroglobulin (anti-TG) antibody levels
(reference range, 0–60 U/mL) were measured using a
radioimmunoassay kit (B.R.A.H.M.S. GmbH, Hennigsdorf,
Germany); the sensitivity was 5.5 U/mL, the interassay CVs
were < 6% and < 10%, and intr-assay CVs were < 8% and < 5%.
Titers of anti-TPO antibody and anti-TG antibody were
measured in 138 (39%) and 210 (59%) patients, respectively.

Statistical Analyses
Statistical analyses were performed using SPSS Statistics 18 (SPSS
Inc., Chicago, IL, USA). Descriptive statistics (mean, standard
deviation (SD), number, and percentage) were tabulated for
baseline characteristics. The independent t-test was used for
parametric measures, and a chi-square test was used to
compare categorical variables. Cox regression analysis was used
to identify whether CLT and other variables were independent
risk factors for thyroid malignancies. A P value < 0.05 was
considered statistically significant.
RESULTS

Baseline Characteristics
Among 357 specimens, 130 tumors (36%) were confirmed to
have coexisting CLT after thyroid surgery. Both AUS/FLUS
groups with or without CLT showed comparable baseline
parameters, including age, BMI, distribution of K-TIRADS,
tumor multiplicity, rate of BRAFV600E mutation, and extent of
thyroidectomy (Table 1). However, the AUS/FLUS with CLT
group had a higher percentage of females (88% vs. 71%), smaller
tumors (mean size, 1.9 cm vs. 2.4 cm), frequent diffuse or focal
thyroiditis on US (39% vs. 14%), lymphocytic thyroiditis
background on FNAC (18% vs. 4%), higher concentrations of
serum TSH (mean, 2.87 mU/L vs. 1.65 mU/L), anti-TPO
antibody (mean, 905 U/mL vs. 68 U/mL), and anti-TG
antibody (mean, 180 U/mL vs. 19 U/mL), and a higher rate of
thyroid medication at baseline (9% vs. 3%) than the AUS/FLUS
without CLT group.

Pathologic Results Based on the
Presence of CLT
Among a total of 357 tumors, 170 malignant (48%) and 187
benign (52%) tumors were diagnosed after thyroidectomy.
Almost all malignancies (98%) were differentiated thyroid
carcinomas except for 4 medullary thyroid carcinomas (MTCs)
and 2 anaplastic thyroid carcinomas (ATCs; Table 2). Among
malignancies, follicular variant of PTC (FVPTC, 114 cases, 67%)
was the most frequently diagnosed, followed by classic PTC (35
cases, 21%) and follicular thyroid carcinoma (FTC, 15 cases, 9%).
The distribution of malignant pathology was similar in both
AUS/FLUS groups regardless of the presence CLT.

Among benign pathologies, follicular adenoma (105 cases,
56%) was the most prevalent diagnosis, followed by hyperplastic
nodules (73 cases, 39%). Notably, thyroiditis was more
September 2021 | Volume 12 | Article 745395
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TABLE 1 | Baseline characteristics of 357 Bethesda class III thyroid nodules.

Variables With chronic lymphocytic thyroiditis (n = 130) Without chronic lymphocytic thyroiditis (n = 227) P-value

Age, years 51 ± 12 52 ± 13 0.58
Sex, female 114 (88%) 161 (71%) <0.001
BMI, kg/m2 24.5 ± 3.9 24.7 ± 3.8 0.63
Thyroid nodule size, cm 1.9 ± 1.4 2.4 ± 1.7 0.004
Thyroid US finding, K-TIRADS 0.30
Benign 1 (1%) 2 (1%)
Low suspicion 25 (19%) 62 (27%)
Intermediate suspicion 73 (56%) 124 (55%)
High suspicion 31 (24%) 39 (17%)

Thyroiditis on US imaging 51 (39%) 31 (14%) <0.001
Multiplicity 93 (72%) 169 (74%) 0.37
FNAC finding
Hürthle cell change 17 (13%) 18 (8%) 0.12
Lymphocytic thyroiditis background 24 (18%) 10 (4%) <0.001

BRAFV600E mutation 4/76 (5%) 11/130 (8%) 0.58
Preoperative thyroid function

T3, ng/dL 101 ± 33 103 ± 22 0.49
FT4, ng/dL 1.17 ± 0.27 1.19 ± 0.22 0.50
TSH, mU/L 2.87 ± 5.07 1.65 ± 1.18 0.008
TSH above references 7 (5%) 8 (4%) 0.22

Anti-TPO antibody, U/mL 905 ± 1216 68 ± 345 <0.001
Anti-TPO above references 33/62 (53%) 2/76 (3%) <0.001

Anti-TG antibody, U/mL 180 ± 431 19 ± 18 0.001
Anti-TG above references 31/79 (39%) 5/131 (4%) <0.001
Both antibodies above references 12/62 (19%) 1/76 (1%) <0.001

Thyroid medication 12 (9%) 6 (3%) 0.001
Levothyroxine 8 (6%) 0
ATD 4 (3%) 6 (3%)

Thyroidectomy 0.25
Lobectomy 61 (47%) 129 (57%)
TT 68 (52%) 96 (42%)
TT with MRND 1 (1%) 2 (1%)

Pathology 0.98
Benign 68 (52%) 119 (52%)
Malignancy 62 (48%) 108 (48%)
Frontiers in Endocrinology | www.frontiersin.o
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US, ultrasonography; K-TIRADS, the Korean Thyroid Imaging Reporting and Data System; FNAC, fine needle aspiration cytology; T3, triiodothyronine; FT4, free thyroxine; TSH,
thyrotropin; anti-TPO antibody, anti-thyroid peroxidase antibody; anti-TG antibody, anti-thyroglobulin antibody; ATD, anti-thyroid drug; TT, total thyroidectomy; MRND, modified radical
neck dissection.
Variables are presented as the mean ± standard deviation (SD) or number (percentage).
Upper reference for TSH, anti-TPO antibody, and anti-TG antibody was 4.78 mU/L, 60 U/mL, and 60 U/mL, respectively.
Titers of anti-TPO antibody and anti-TG antibody were measured in 138 and 210 patients, respectively.
Significant results (P < 0.05) are indicated in bold.
TABLE 2 | Detailed pathology of 357 Bethesda class III thyroid nodules based on the presence of chronic lymphocytic thyroiditis.

Pathology With chronic lymphocytic thyroiditis (n = 130) Without chronic lymphocytic thyroiditis (n = 227) P-value

Benign 68 119 0.003
Follicular adenoma 34 (50%) 71 (60%)
Hyperplastic nodule 26 (38%) 47 (39%)
Thyroiditis 8 (12%) 1 (1%)
Malignancy 62 108 0.37
Classic PTC 10 (16%) 25 (23%)
FVPTC 44 (71%) 70 (65%)
FTC 4 (7%) 11 (10%)

miFTC 4 8
wiFTC 0 2
oFTC 0 1

MTC 3 (5%) 1 (1%)
ATC 1 (1%) 1 (1%)
PTC, papillary thyroid carcinoma; FVPTC, follicular variant of PTC; FTC, follicular thyroid carcinoma; miFTC, minimally invasive FTC; wiFTC, widely invasive FTC; oFTC, oncocytic variant of
FTC; MTC, medullary thyroid carcinoma; ATC, anaplastic thyroid carcinoma.
Significant results (P < 0.05) are indicated in bold.
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frequently diagnosed as the final pathology in the AUS/FLUS
with CLT group than in the AUS/FLUS without CLT group (12%
vs. 1%, P = 0.003).

Risk Factors for Differentiated Thyroid
Malignancies
Cox regression analysis was performed to identify risk factors for
differentiated thyroid malignancies except for 4 MTCs and 2
ATCs (Table 3). In multivariate analysis, the positive result of
BRAFV600E mutation (hazard ratio (HR) 3.19, 95% CI 1.32–7.72,
P < 0.001), highly suspicious features (K-TIRADS 5) on US (HR
2.07, 95% CI 1.09–3.96, P = 0.04), and smaller thyroid nodules
(HR 0.81, 95% CI 0.69–0.96, P = 0.01) were significant risk
factors for differentiated thyroid malignancies; however, CLT
was not significant (p = 1.02).
DISCUSSION

Preoperative diagnosis and management of Bethesda class III
thyroid nodules are challenging for clinicians despite various
efforts to assess the malignancy risk of thyroid nodules. Various
pathologic changes of the thyroids caused by HT may lead to
interference in the preoperative diagnosis of thyroid nodules
with AUS/FLUS cytology. In addition, an association between
chronic inflammation caused by HT and thyroid malignancy has
been suggested. In the present study, surgically resected thyroid
specimens were evaluated and the coexistence of CLT was
determined to not affect the malignancy rate of thyroid
nodules with AUS/FLUS cytology.

The Bethesda III is an inhomogenous category with various
cytological features and CLT also show various pathologic
changes in thyroids with the disease progression. AUS/FLUS
includes mainly sparse and compromised samples with focally
enlarged nuclei and atypical lymphoid infiltrate, features
suggestive of PTC in a sample predominantly appearing
benign (18) however this category is insufficient for diagnosis
as follicular neoplasm or suspicious for malignancy (3). CLT
caused by HT is characterized by epithelial changes and variable
Frontiers in Endocrinology | www.frontiersin.org 5
atypia (19). Microscopic findings of early CLT include enlarged
nuclei, lymphocytic and plasma cell infiltration, atrophic follicles
with abundant oncocytes, and atypical epithelium (10). The
microscopic features of progressed CLT include fibrosis and
nodularity or atrophic parenchyma, which are distinct from
AUS/FLUS (10).

In addition, CLT may be associated with neoplastic changes
in the thyroid glands. Two hypotheses have been proposed
although an exact mechanism between CLT and malignancy is
not fully understood. One explanation is that autoimmune
infiltration of thyroid glands causes cellular damage and
further changes the development of thyroid malignancy (20,
21). Another hypothesis is the association between elevated TSH
and the increased risk of thyroid malignancy (22). In a meta-
analysis by Lai et al. (11), the overall PTC risk in HT populations
was higher than that in non-HT populations (OR 2.12), although
the mean rate of PTC in HT populations ranged widely from 1%
(selective FNA or thyroidectomy studies) to 40% (thyroidectomy
studies) (11). In addition, the risk was higher in the Asian
population (OR 2.79) than in American (OR 1.92) or
European (OR 1.56) populations (11) and was probably
associated with the higher prevalence of HT in iodine-sufficient
areas (23, 24). Recently, HT-related atypia was named follicular
epithelial dysplasia (FED) by Chui et al. (25) and was suggested
to be a premalignant precursor of PTC (19).

HT influences the malignancy risk of thyroid nodules with
AUS/FLUS cytology in two different ways. HT may complicate
the accurate diagnosis of thyroid nodules. In another aspect, HT
can be a premalignant condition and truly increase the risk
of malignancy.

However, in clinical studies, whether coexisting CLT is
associated with a higher risk of thyroid malignancy remains
controversial. Mulder et al. (10) reported a lower rate of
malignancy in AUS/FLUS cytology coexisting with CLT (44%,
32/73 nodules) than without CLT (60%, 131/220 nodules) in the
US population (P = 0.02). The authors suggested that atypia due
to CLT may falsely increase the diagnosis of AUS/FLUS; thus,
AUS/FLUS cytology with a CLT background shows a lower
prevalence of thyroid malignancy. However, in two previous
TABLE 3 | Cox regression model for the risk factors for differentiated thyroid malignancies.

Variables Univariate Multivariate

P-value HR (95% CI) P-value HR (95% CI)

Age 0.38 0.99 (0.98–1.01) 0.64 0.99 (0.98–1.01)
Sex 0.29 1.32 (0.79–2.19) 0.22 1.14 (0.81–2.45)
BMI 0.43 1.02 (0.96–1.08) 0.56 1.02 (0.96–1.09)
Serum TSH 0.45 0.97 (0.91–1.05) 0.40 0.96 (0.88–1.05)
Thyroid nodule size <0.001 0.74 (0.63–0.86) 0.01 0.81 (0.69–0.96)
Thyroid US finding, K-TIRADS 5 <0.001 3.49 (1.97–6.18) 0.04 2.07 (1.09–3.96)
Multiplicity 0.32 1.28 (0.79–2.07) 0.47 1.54 (0.88–2.69)
BRAFV600E mutation <0.001 3.32 (1.43–7.97) <0.001 3.19 (1.32–7.72)
Chronic lymphocytic thyroiditis 0.88 0.97 (0.62–1.50) 0.94 1.02 (0.61–1.69)
Thyroid medication 0.50 1.39 (0.53–3.68) 0.69 1.24 (0.43–3.60)
S
eptember 2021 | Volume 12
HR, hazard ratio; CI, confidence interval; TSH, thyrotropin; US, ultrasonography; K-TIRADS, the Korean Thyroid Imaging Reporting and Data System.
Cox regression analysis was performed except for 4 medullary and 2 anaplastic thyroid carcinomas.
Significant results (P < 0.05) are indicated in bold.
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studies conducted in US (26) and Korean (27) populations, CLT
was not a predictor of thyroid malignancy. Wong et al. used 576
Hürthle cell-predominant FNAC samples and reported a
comparable rate of CLT in benign (25%, 116/455 nodules)
and malignant nodules (18%, 22/121 nodules; P = 0.12) (26).
Suh et al. examined 446 nodules with AUS/FLUS cytology and
reported that CLT was not a risk factor for thyroid malignancy.
Similar to the present study results, Suh et al. concluded that US
findings with highly suspicious features (K-TIRADS 5) (OR
11.02) and positive BRAFV600E mutation (OR 4.54) were
significant factors for thyroid malignancies (27). In agreement
with studies byWong (26) and Suh et al. (27), CLT was not a risk
factor for thyroid malignancies in AUS/FLUS cytology in the
present study, unlike potent radiologic (highly suspicious
features on US) and molecular (BRAFV600E mutation)
predictors of thyroid malignancy.

In the present study, only surgically resected thyroid tumors
were included because the pathologic definition is the preferred
gold standard for CLT. Although concomitant malignant
nodules were excluded, the malignancy rate of thyroid nodules
(48%) in this study was relatively higher than the implied risk
suggested by the Bethesda System for Reporting Thyroid
Cytopathology (TBSRTC) (3) and comparable with the risk
reported in studies using thyroidectomized specimens (5–7), as
expected. In addition, FVPTC was the dominant pathology
(61%) in malignancies, and the positive rate of BRAFV600E

mutation was low (4% of all tumors) because thyroid nodules
with AUS/FLUS cytology were investigated. In the literature,
RAS is the most prevalent mutation and FVPTC, rather than
classic PTC, is the most common malignancy in nodules with
indeterminate cytology (28, 29).

The present study had several limitations. First, due to the
retrospective design of the study, bias may have existed despite
statistical correction. Second, selection bias may have occurred
because only surgically resected specimens were included.
Nevertheless, background HT is not a determinant factor for
clinicians to make decisions regarding thyroid surgery, and all
specimens are surgically resected; thus, biases from specimens,
whether they were surgically resected or not, do not distort the
Frontiers in Endocrinology | www.frontiersin.org 6
results. Third, various molecular tests other than BRAFV600E

were not conducted because only the BRAFV600E test was
available for routine clinical practice in our institution for most
of the study period. Molecular testing may aid in the prediction
of thyroid malignancy; however, this was beyond the scope of
this study.

In the present study, the malignancy rate of thyroid nodules
with AUS/FLUS cytology was similar irrespective of the presence
of background CLT.
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